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Chapter- 8 .Economlc Analysis

8-1

General

The safety of navigation is the first role of the navigation

aids system,

In the previous chapters various navigation aid systens
required for the safety of navigation in the Malacca/
Singapore Straits were studied in the technical aspect.

The visual and electronic aids to navigation in these straits
cannot be recognized sufficient to the safety of navigation.
If such aids would be establi;hed appfopriately 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
productivity of fishery and other marine industries. ¥rom 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 émployemnt 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 ﬁénetaryhﬁélﬁe. Genefally, establishment of navigation

aid systems should be planned on the basis of ensure the safety
navigatlon, however it is preferable if a quantitative
analysis of the effects accrued by the project is made in

the 'planning stage and-this should be as objective as possible.

In this chapter the effect 'of the Electronic



Navigation Aid Systems is 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. s’

are no more than a reference due to the limited amount of data

available. So, it 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 navigation

qualitative effects should also be taken into consideration when

evaluating the project.

Summary of Existing and Future Maritime Traffic

The exigting and future maritime traffic on the Straits are
detailed in the Appendix D of "Maritime Traffic on Malacca/

Singapore Straits"

This section discribes the result of the above study, necessary

for the economic analysis.

Table 8-1 Estimated Maritime Traffic on Malacca/Singapore

Straits -
(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
generated traffic| 6,840 | 8,304 | 10,623 | 11,498 | 14,063 | 17,504
passing through' | . ,a¢ | 5 450 | 6,639 | 8,887 | 15,912 | 23,552
traffic B N e B E R - SERC TN
General Cargo 41,664 | 51,397 | 63,442 | 86,563 |159,340 {249,440
Vessels
generated traffic|-5,578 |- 7;480-| 10,035 | 15,077 31,343 .} 60,008
passing through. |56 og6.1 43,917 | .53,407 | 71,486 |127,997 |189,452
traffic o EEE R i 2T et vl bt Sl b
" Total 53,518 | 65,803 | 81,485 |107,994 |190,188"|290,516
generated_traffic |12,418_ | 15,784 _|.20,658 |.26,575 | 45,406 | 77,512
passing through. 147 700 |-50,0195(:60;827 | .81,419./],145,782.:| 213,004
traffic A RO B Bt - R
T o ke Tt . T T R Y MipEesd B a0 N




8-3 Measurement of Effects Accrued by the Investment

There are several methods for estimating the economic effect of
an investment quantitatively. Among these, the 'Cost/Benefit
Analysis' and 'Impact Study' are generally preferred. The former
is applied mainly for the calculation of the direct benefits of
an investment, and the latter 1s used for estimating mainly for
indirect benefit. TFor either method however, sufficient and

eligible data are indispensable.

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,
becauge of the nature and paucity of the data obtained for this
project, and the lack of suitable examples of similar projects,
the measurement of economic effects largely relies on the 'Cost/

Benefit analysis'.
8-4 Economic Effects of Navigation Aid System
8-4-1 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 into three groups according to

theilr degree of difficulty of measurement as follows:

Group-Ib (Benefits not measurable):

o Reduction in loss of human life;

o Reduction in loss of irrecoverable environmental destruction

Group-Db (Benefits difficult to measure):

o Benefits which spread over different flelds and are difficult

to integrate.
o Benefits brought about by combined effects of other causes,
where it is difficult to identify attributable to any one

individual porject.

Group-Tb (Benefits measurable with a sufficient amount of data):

CONCEPTUAL DIAGRAM OF BENEFIT

‘ Total effect =
'
’\ 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.



8=tim2

Premises for Economic- Analysis.-... ...-. .« ., .

I R T P S U1
Whether or not projects effects are quantifiable the following
permise conditions are necessary in order to extract the-afore-
said effects, . '
Firstly, adequate operation and administration of the system is
maintained throughout the project period by the personnel and the

facilities wentioned in Chapter 5 and 7.

Secondly, it is important to estimate the réte of utilization.
Undoubtly, it ié desirqble for aéy vessels, large or small, to
equip with the implement of this kind.

In fact however, we will learn that the dissemination of receiving
equipment has, partly because of the certain expenditure for devices
in need; a common pattefn 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 gimilar systems.

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.

826:
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8-4-3 .Effects on-Reduction;of -Marine Accidents
T N : ) e

A marine accidents usually occur when various unfaborable con-
ditions are piled up. It is doubtless that the Electronic
Navigation Ald.Systems is considered one of the effective measure
to remove these situations., By using electronic aid to navigation
with visual aid, it is expected that the number of strandings and
collisions which occupies a large portion of marine accidents 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 Ald System had been in operation, and it could be
reasonably effective if sufficient data was available. Although
the collection of data is not satisfactory for good accuracy of
estimation, a bést 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 concerned during the period from
January to August, 1976. Among them 23 cases (10.8%) of strandings
aﬂd 12 cases (5.7%) of collisions which has certain possibility

to prevent by u;iné aids to navigation are recorded, and so
reSpectively‘35 casés/year for strandings and 18 cases/year for
collisions and 53 cases/year as total are considered to be the
annual figures,

L

The regional distribution of the total marine accidents are as

follows:
o The Malacca/Singapore Straits 16 cases (30%)
o Other area 37 eases (70%)

8-9



When the total number of .vessel navigation in+1976; estimated on-*
the basis of 1974 records, the frequéncy of accidents is calculated

as follows: :

o Malacca/Singapore Straits 16 cases/55,770 vessels
(0.029%)

From other sources of the Indonesian Directorate General of Sea

Communications during 1976 the number of marine accidents in the
Malacca/Singapore Straits and other area is 25 cases. Among them
strandings were 6 cases (24%) and collisions were 12 cases (48%)

accounting 18 cases for (72%) of the total accidents.

The distribution of above figures by straits is as follows:

o Malacca/Singapore straits 17 cases

The frequency of accidents in the Straits are calculated as follows:

o Malacca/Singapore Straits 17 cases/55,770 vessels
(0.030%)

Furthermore, the record of marire aeccidents in Japan indicates

that the frequency of strandings and collisions compared with total
number of navigation is 0 01% for each in narrow “channels and

bays, and 0.001% for each in open seas. When those Japanase
figures are applled to the aforesaid 51tuations the number of

accidents in the Straits is e§t1mated as follows:

0 Malacca/Singapore Straits - - -
55,770 vessels x 0.02% = 11.2 cases

Due to-the lack of appropriate data~on- the monetary value of the

accidents Japanese data- are also referred.

8-10.



Itgms‘v‘;t%r‘ Strahdings Collisions

. Large Vessels: (10,000 ton ¥20,000,000 | ¥9,500,000
" 95,000 ton)
(Average Tonnage: 27,000 ton)| ¥740/ton ¥350/ton
Small Vessels (500 ton £ 3,700,000 | ¥3,000,000

% 1,000 ton)

(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 System utilization is

assumed as follows:

o Large Tankers 1007

o Foreign Vessels 90%
{excluding large tankers)

o Dometic Vessels

1985 3%
- 1986 ~ 1990 15%
1991‘h 50%
o Rate of Accidents which could
have been prevented by the 50%
Electonic Navigation Aid *
System

8-11



On the basis of the records of marine accidents in Japan mentioned
before, the number of marine accidents in the future (L) gnd the
number of those which could have been Prevented*in~the‘fqture {2)

are estimated as in the table 8;2:

The ratio of foreign and domestic vessels are aséuméq to be each

88% and 12%, obtained from the observed data on Singaporé Strait.

Table 8-2 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) indicates 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:

Table 8-3 Benefit by Reduction of Accidents

Malacca/Singapore Straits

Year 1985 1990 | - 2000 -2010

Item

Benefit by Reductioh_
of Accidents "} 792.0 |1,046.9 }1,935.5 |2,998.0

(US$1,000.00)

-8-12



“ - In this analysis of mdarine accidents, large accidents which

-*iérelyuhappen are not included., Even through the forecast of
‘such -large raccidents is quite difficult, however, we can not
deny the a possibility of these aceidents. In the last 10 years,
10 large accidents 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 oil pollution is usually very diversified due to the
various circumstances. Therefore, it 1s quite difficult to

evaluate such damages,

On account of the above reasons the analysis has been excluded to
the conceivable prevention of large accidents and their secondary

disasters.
8~4-4 Effect on Economize the Navigation Costs

The expected effect accrued by the Electronic Navigation Aid
System are mainly the improvement of navigation speeds impelled
by poor visibility conditios 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 eelctronic aid

to navigation, vessels will enable to keep the normal speed in

such conditions. The operation cost savings due to this differ-
ence in speed can be considered as a benefit. Hence, it is assumed
that the vessels passing through Malacca/Singapore Straits come
across squalls for 30 minutes per navigation on average and reduce

their speed from 12 knots to 9 knots accordingly.

8-13



The relationship between the.speed and navigation costs (exclud-
ing port costs) is. estimated from. the study “The Economic Value
of the Uhited States Merchant Marine" and is summar;zpﬁiin“the
Table 8-4 below. S P T .
Table 8-4 Relationship between Speed and Navigation.Costs

(Valid for case of:voyage ofu30,000:Nautical
Mile, 13,500 ton vessels)

Speed Economié NavigatibﬁuCosts per i0,00b'kﬁ
(knot) | Per 30,000 NM ($/ton) (§/ton) (§/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 8.26 0.0245
18 13.58 45,90 B.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

a) General Tankers and General Cargo Vessels
The navigation cost at 9 knots-is estimated from the above
table to be 0.0167 $/§bh}hf. Therefore, a unit benefit
derived from the imp%obedéﬁt'ofiépeed undetr poor vasible
conditions ié‘Ehléulated‘ééﬁfolles:' T

- 2 amw - e S T - -

0.0167 x 0.5 = 0.0199 % 0.5 x-{%-— 0.0008875 ($/ton) -

The annual benefit is therefore given as follows:

[0.0008875 ($/ton)] x [Av. vessel size (ton)] x [traffic

volume] x [Receiver Installation Rate]

8-14°



“b) 'Large .Tankers
s For large tankers, the unit benefit for an average tanker
size’of 200,000 DWT is estimated from the following data.

Vessel size (l,bOO DWT) Navigation Costs per hour (US$/hr.)

230 926
140 744
200 865

(Economic navigation costs: 735.3 US$/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 f% ) 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,

The total navigation cost savings on the Stralts are tenta-

tively calculated in the Table 8-5.

Table 8-5 Total Navigation Cost Savings

(Unit : US$1,000/year)

Year 1985 1990 2000 2010

Benefits 1,021.3 1,330.5 2,328.2 3,500.2

8-15



Also, meandering caused by lack of-ald to naéigation wiil-bef
effectively corrected by the Electronic Navigation Aid Systems
and chis can be, enumerated as one of benefits.i 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.
It is conceivable that the Electronie.Naviga;ipn 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.



8-4~5

v

Impact on the Improvement of Fishery Production

- f N r

an - - - e

ugﬁéﬁﬁré prébeeding further study, it should be mentioned that the

§g§¥y§}$_9n'§hi§ subject refers to Indonesia since adequate data
on fisheries in Singapore and Malaysia was unobtainable., Although
the impéct on fisheries in these countries should not be neglected

in this report deals only with the case of Indonesia.

The present fishery in Indonesia, especlally 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
PERfKANAN, the production of marine fishery in 1974 is recorded as
about 949,000 ton or 131.7 billion Rp. (317.4 million USS) (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, 8-9) Furthermore, it has been
postulated in Indonesia that the production owed to the powered
boats covers about 35% of the total productfion value. Therefore
it can be envisaged that the contribution of the powered boats to

production in the future will keep on rising.

8-17



‘Table B8-6--".

g

o

e as

.
Ta b oa

Value of Marine Fishery Production by Province in Indonesia, 1972-1974

' W ‘Units Rp 1,000
Province 1972 -1973 ~ o |- % 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 387,800 363,201 484,655
Jawa Barat 5,880,570 4,248,688 4,657,796
Jawa Tengah 5,952,155 3,494,928 4,380,548
Yogyakarta oo 23,513 31,369
Jawa Timur 2,909,285 3,022,764 3,950,895
RALI — 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
Nusa Tenggara Timur 1,158,170 1,920,037 3,523,302
KALTMANTAN 13,877,b05 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
Sulawesi Selatan 13,936,290 14,173,665 17,994,591
Sulawesi Tenggara 1,183,370 490,089 592,760
MALUKU ~ IRIAN JAYA 11,323,482 14,675,469 17,514,131
Maluku 6,749,050 10,278,880 11,481,690
Irina Jaya 4,574,432 4,39@,589 6,032,441

8218
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Taking this into consideration;‘the percentage of total production
by powered boats in the whole products in the future is estimated

. e T ,
as shown in the Table 8-10. ™ " R - i;
f . 3

Table 8-10 Proportion of Total Fishery Production N
Attributable to’ Powered Boats ;ig}'_ o H

Year 1975 | 1980 | 1985 | 1990 | 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 Mul;ig?giiéoggftor
1975 ~ 1980 5.4% (1.301)
1980 v 1985 4,37 (1.606)
1985 v 1990 3.4% (1.898)
1990 ~ 2000 2.7% (2.477)
2000 v 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:

o a3t PN

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 [L,600 [1,990 [2,480 (3,080

By Powered Boats

(1,000 ton) 350 | 520 | 720 | 950 {L,740 [2,160

By Powered Boats

(nillion US$) 117.L4 173.9 240.& 317.7 582.0 722.4

To forecast the future number of vessels rigged with receivers for
the Electronic Navigation Ald Systems is 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
A 1990 3%
1991 ~ 2000 10%
2001 ~ 304

The degree 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
attéibutable to the Electronic Navigation Aid Systems is
summarized in the Table 8-14.

Table 8-14 Total Factor Affecting Indonesian

Fishery Attributable to the Electronic
Navigation Aid Systems

Year 1985 1990 2000 2010

% 0.18 0.18 0.6 1.8
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The value of fishery production made in.the-area of: Halacca/
Singapore Straits accounts for 407 of the total value., This
percentages is assumed to remain constant in the future and the
effect on fishery brought about by the Eleptronic 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

Malacca/Singapore Straits area .
{1,000 US$)

Year 1985 1990 2000 - 2010

Benefits 173.3 228.7 1,396.8 5,201.3

8-4-6 Summary of the Effects Accrued by the Establishment of the
Electronic Navigation Aid Systems

The values of effects enumerated in sections 8.4.3 - 8.4.5 are

summarized in the Tables 8-16 for further economic analysis.

Table 8-16 Summary of Effects Concerning Malacca/Singapore

Straits
(Unit: US$1,000)
Year 1985 1990 2000 2010
Saving by
Accident 792.9 1,046.7 -} 1,935.5 2,998.0
Reduction
Navigation Cost |y o971 3 | 1,330.5 [72,328.2° | 3,500.2°
Savin_g_ . Rk 1. R [
Fishery. 173.3° | 228,7° | 1;396.8 *|5,201.3
Benefit ’ s = LT
Total  |1,987.5 | 2,606.1 -|.5,660:5. |.11,699.6

R 3':'2[4_-'



8-5 Economic Cost-Benefit Analysis and Sensitivity Analysis
8-5-1 “‘Constridctidn 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 for Malacca/
Singapore Straits.

The annual maintenance and operation costs incurred from the
completion of the project in 1985 are estimated to be US$1,404,800
for Malacca/Singapore Stralts. 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.

The cost to equip a vessel with a receiver for the use of the

Electronic Navigation Aid Systems was not taken into account.

For the analysis of economic construction costs, an 85% local
currency portion is assumed and US$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. The Tables 8-17 show
the Net Present Value of the project, B/C ratio and IRR.
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. Table 8-17uwiualagca/§@ﬁgéporé Strai

tg - FESIE R

"~ (Us$ 1,000)

8-5-3 Sensitivity Analysis

Discount | Discounted | Discounted | Nef Present |Benefit/Cost
Rate Cost Benefit Value Ratio
sz | 29,0282 | 29/489.07 | "' 4608 '|" Li016
10% 2%,229.0 19,900.1 74;32§.9 . 0.821,
15% | 16,659.3 8,455.2 | -8,204.1 0:508
IRR = §.15%

Four cases are taken for a sensitivity analysis, they are:

1) Construction costs increase by 10%

2) Construction costs decrease by 107

3) 10% reduction in the navigation cost savings

4) Delay of Start of Construction by 5 years

The results of these cases are expressed in the Table 8-18

using B/C ratios.

Table 8-18 Summary of Sensitivity Analysis (B/C Ratio)
10% 102 107 5 yr.

Discount | "Constr. |  Constr. | Reduction Delay
Rate . ,-Cost..-|.. Cost- ., .|:-Navigation. cin
Increase | Decrease | Cost Savings | Constr.

8% 0.923 1.126 0.975 1.417

10% 0.746 0.911 0.787 1.118

15% 0.461 0.536  0.485 0.806
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(Inventory of Costs and Benefits Discounted for Malacca/Singapore Straits)

Benefits

Costs 8% Discount Rate 10% Discount Rate| 15% Discount Rate
. Reduction | Operation
Const.
Costs Cgéfs gg::i in Cost Sub-Total I¥§2;§r;n B;:i:its Costs | Benefits Costs | Benefits Costs | Benefits
Accidents | Saving
1980 324.,0 324.0 257.2 253.4 213.0
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 3,217.1 442,91 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 | 1,028.2 305.7 766.6 150.1 376.4
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 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 | 1,002.9 129.5 633.6 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 § 1,010.3 117.7 626.9 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 8,680.0 162.8 | 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 1,406.8 | 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 4B1.6 12.1 106.2
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 | 8,455.2
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8-6

Conclusion

It is extremely difficult to evaluate and assess the overall effects
of establishing the system of navigational aids 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 comparatlve purposes as
they had to be calculated after making assumptions and on the basis
of 1limited data.

However, this kind of assessment is a prime requirement and it can

be said 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 considered.
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.
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Hﬁﬁérba}ic navigaéion systems

Introduction

. A navigation system in which two transmitting stations transmit
certain speci%ied types of radio wave, according to the rated

time sequence, énﬁ in which a user of the system finds his position
by meagqging the difference in distance between him and the two
transmitting_stqtions, is called a "hyperbolic navigation system".
Under such system, the locus of the points having a certain
difference in distance forms a hyperbola, and the user determines
two of such hyperbolas (which are referred to as "line of position')
from the two pairs of transmitting stations he selects, to fix

his position at the point of intersection between these two hyper-

bolas.

The Decca Navigator system, Loran A system and Loran C system are

representative of the hyperbolic navigation systems.

1) Phase difference and difference in distance

Supppsipg that the frequency of the radio wave transmitted

frpﬂ théittansmitting station is 100 KHz and the propagation
speed of the radio wave i1s 3 x 108m {in actual cases this
" speed alteéé‘according to the condition of propagation path),
the wave iéﬁéth of this radio wave would be 3000 metres, that
is, the radio wave of 100 KHz would propagate 3,000m during

one cycle. Since the phase angle changes from 0° through

to 360° during the one cycle, the radio wave of 100 KHz would
propagate 3,000m during the time the phase angle of 360° }
changes. Figure 1—1ishows the state of this propagation.

If the frequé&c} and pfopagation speed of a radio wave are
given, as in the above case, the distance may be replaced

by the wave length or phase of radio waves. A difference in
the distance from the two transmitting stations can be measured
as phase difference of the radio wave transmitted by the trans-

mitting stations.
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Suppose radio waves are transmitted continuously on the same
frequency and at the same gime from Point A and ?qipt B in
Fig. 1-2 so as to make thé phase of the tranémittéé waves

from A and B identical (this 1s called "pha§eifx?ghroni- )
sation), the phase of the radio waves from both stations would
be completely '{dentical at Point P which is situated at am
equal disfarce ffﬁg points A and"B." ' There is no phase differ-
ence dnd this indicates that no differerice in distance at

this point. However, as seen from this figure, there are
many pointé other than Point P, at which the phase difference
becomes zero, and therefore some method should be worked

out ‘to select 2 single point wanted (this will be explained

further in the paragraph of "Lane identification"}.

If point P in Fig. 1-2 moves to Point P', the phase of the
radio waves from Point A would be 270° and the phase from
Point B 90°, and since the phase difference is 180° in this
case, the difference in distance would be known to be 1,500m.
Further, the phase difference at Point Q is 360° and the
difference in distance is therefore 3,000 m.

90" 360 450° 540"

*P——-LSQOEL—-I

- 3000~ -t

Fig. +1 Phase and Distance
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Decca Navigator system

Principle of Decca system

The effect of transmitting signals of equal frequency from the
master and slave is achieved by assigning harmonically-related
values to the two frequencies so that multiplying eircuits in
the receiver can derive from each a common harmonic. Thus in
the red hyperbolic pattern, for example, the master and slave
signals are multiplied to a common frequency of 24f, where £ is
a non-transmitted fundamental value of about 14 kHz, and their
phase is compared at this common frequency. The master transmits
a signal of frequency 6f and the slave 8f, the respective
channels in the receiver being followed by 4 and 3 multiplier
stages; geometrically the system behaves as if the common
frequency 24f (about 340 kHz) were radiated from the two sites.
The purple and green hyperbolic patterns are generated inm a
similar manner by using different frequency values and multipli-
cation factors as indicated in Table 1-1. The basic arrangement

of the receiver is shown in Fig. 1-3.

Nearly all Decca navigational chains have three slave stations

disposed around the central master and thus provide three inter-
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secting hyperbolic patterns; in practice the user selects the
two lines giving the best angle of cut at his location and re-
jects the third. . Table 1-1 also shows typical values for lane
width on the interstation baselines. A lane is the name given
to the space bounded by two adjacent hyperbolic position lines
having the same phase-difference value, so that in crossing a
lane the receiver records one complete cycle of phase difference.
Interpolation of one-hundredth of a lane can be realized in
practlice and corresponds to a change of position of the order

of 5 metres along the baseline where the lanewidth 1s narrowest.

Table 1-1 Typical values for radiated and comparisen
frequencies and wavelength

(f = 14.16 ke/s)

Frequency Wavelength

Stations Harmonic
ke/s m

Radiated frequencies

Master 6f 85.000 3521
Red slave 8f 113.333 2640
Green slave 9f 127.500 2347
Purple slave 5f 70.833 4225

Comparison frequencies

Red 24f 340.000 880
Green 18f 255,000 1174
Purple 30£ 4£25.000 704

Lane-width on baselines
assuming a velocity of 299250 km/s

metres yvards
Red 440.074 481.28
Green 586.765 641.70
Purple 352.059 385.02




Fig. 1-4 is:a‘draving representing .the position-line patterns
produced by a chain of stations and showing the red and green
decometer readings:that will be obtained on board a ship at the
position indicated. The lanes of each pattern are subdivided
into zones, the latter being identified by letters of the
alphaﬁet. The lanes are numbered, uéing a notation which
prevents confusion between the three patterns, and there are
respectively 24, 18 and 30 red green, and purple lanes per zone.
Each lane is numbered -in such a way as 0 through 23 for the

red station, 30 through 47 for the green station and 50 through
79 for the purple station. The zones have the same width for
each pattern (approximately 10 km on the baseline) and their
width is such as to correspond to a phasecomparison frequency
of the fundamental value f. In each decometer the basic phase-
meter drives a fraction pointer which makes one reveolution per
lane, and the successive lanes are counted by an appropriately
geared pointer which makes one reveolution per zone. The zone
letters are indicated by a dial, viewed through an aperture
below the centre of the instrument, which is driven by a further

set of gearing.

The effectiveness of a Decca lane identification system proves
that it will be sufficient if the ship'’s position is known within
less than half a zone, when starting a journey or when entering
the coverage, and then her precise position within this zone can
be obtained from the LI meter and décomgters. Ahcording to the
aforesaid information, the lane and zone indicators on the deco-
meters are then set in a mamner similar to the adjustment of the
hands of a clock, thereafter, so long as reception is uninter-
rupted, the ship's movement through the patterns will be con-
tinuously recorded by the decometers, and readings may be taken

from them at any time and plotted on the hyperbolic chart.
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'.Decca charts

«‘Tﬁe;D}ccérposition lines are plotted on charts in the colours

-;«ufﬁéﬁeﬁtedxat’standard for the. patterns: red, green and purple.

... The i;pés are numbered according to the convention adopted for
. the decometer-dials, i.e. the lanes in each zone are numbered

. 0 - 23 for red, 30 - 47 for green and 50 ~ 79 for purple as

- shown in Fig. 1-4. A transparent rule carrying a number of

.different-sized decimal scales is issued for the purpose of

interﬁolating fractional values within a lane. In a few charts
of ﬁery large scale, the lanes are subdivided into fractional
ﬁoéition lihes, e.g. every 0.5 lane. The zone boundaries are
printed more boldly than the lanes and are lettered A - J.

In patterns containing more than ten zones, zone J is followed

A, B, etc.
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Lane identification R

The’ function bf=aﬁDébta”réceiver=1n*tﬁe=Decca*Navigator system
is to accuratély‘measurefthe ﬁhase‘différence“between a pair of
signals from™the -master and:a“ certain 'specified slave .station
and display the phase difference: on the' decometer .. There is a
decometer: for each ‘of' the: combinations® of master/red slave,
master/green-'slave and master/purple slave, and they are called
red decometer,’ green: decometer. and .purple decometer respectively.

- SYRTENE I i

The decometer autowatically displays, immediately upon the switch-

LB AN

on of the rgceiver, 50 long as, it is withiq the effective area

RS

of a transmitting station,,the width oﬁla lane in a hundred
equal parts. The Decca pattern produced by, the master and a
slave station includes many lanes and everytime the receiver
crosses a lane within this pattern, the decometer's pointer
records the number of lanes automatically. In normal use, the
decometer continues to indicate correct value at all times during
the equipment is in operation, if the value of the zone and lane
is set, precisely prior to the starting of the decometer. If,
for some reason, the action of the equipment is interrupted
while the vessel is underway, the decometer will fail to indicate
correct value, in which case the decometer should be reset.

This resetting of the decometer at sea is called "lane identi-
fication".

The lane identification is necessary dn order to:
1) Set the value of zone and lane to its original position;

2) Correct the decometer when service 1s interrupted for

e

some reason.

In the Decca system, it is designed that the zone widths
are so sufficiently wide that the navigator will find it
unnecessary to carry out zone identification. The zone
widths are more than 10 km long on the baseline. Accordingly,
Decca marine receivers have no function for carrying out

zone identification.
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‘The widths iof lanes are, on the other hand, not very wide
which makes it dimperative for a vessel to know in which
lane she is. To conduct lane identification is nothing
less than allowing the person who carries out such lane
identification to find at what polnt in a zone he is now
situated. As stated before, the zone means an interval
between the two adjoining points where the phase difference
is zero, of the basic frequency 1f (about 14 KHz). Lane
identification is thus possible by making a phase comparison
of 1f of the signal from the master station and one of the
slave stations and indicating the value produced by the

comparison on the indicator.

The multipulse system (Mark 10 transmission system) is the
latest system for transmission capable of setting up automatic
lanes and providing zone identification for airborne receivers.
The lane identification pattern is a coarse 1f pattern which

is effectively superimposed on each of the three normal patterns
in turn. The 1f pattern is generated by a brief transmission
of the normal pattern frequencies 5f, 6f, 8f and 9f from each
of the stations in turn, transmissions from the other three

stations belng suppressed at these items.

ANSAWAV,
\/ \/
R NN
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Fig. 1-5 Identification Pulses of Mark 10 System



These "multipulse" transmissions are carefully phased at the
transmitting:station, and the resultant waveform, .shown in
Fig. 1;5; providés:a"lf“pulée compénent.- .It can.be shown
that individual variations.in phase of -the four component fre-
quencies forming the pulse will give rise primarily to ampli-
tude variations in the resultant,phase signal and, only when
there are very large phase variations, to the production of a

false pulse displaced in phase with respect to the wanted one.

Just prior to the multipulse transmissions, each station radi-
ates a guard transmission for a short perlod on a frequency

of B.2f to initiate switching in certain types of receivers in
the field. The master guard transmission is also used a zero
time synchronising signal by the slave station. The multipulse

transmission sequence is initiated three times a minute as shown
in Fig. 1-6.

1-2-4 Frequency channels

The frequency bands of 70 to 90 KHz and 110 to 130 KHz
are approved for the 3rd district for the Decca Ravigator

system under the International Telecommunication Convention.

On the basis of this, sixty-three frequency channels are
provided for:-the Decca Navigator system under the standards

shown in Tables 1-2 and 1-3 in the folldwing pages:

"
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1-2-5

i »
Service area

The service area of the Decca Navigator system 1s
determined by the following two limitations:

(1) Limitations of effective range signal-to-noise ratlo

at a given receiving location
(2) Limitations of range by skywave at night

A detailed description of this is given in the paper
appended hereto.

The effective range of a Decca chain to be established in
the Southeast Asian area by the radiation power of 200W
(transmitter power 1.2 kw and umbrella type aerial 110m
tall will be used) stated in the present report, will be
400 km during both daylight periods and nighttime.
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1-3-1

Operation of Decca transmitting equipment

Phase control equipmeut-

There are two types of phase coitrol équipment, one is for the
master station and the other for a slave station. The systems
of their respective operation are shown in Fig. 5-4-19 and Fig.
5-4-20.

The phase control equipment for the maséer station produces the
signals that would become a frequency standard of a Decca chailn,
by the crystal oscillator of the main oscillating unit of the
duty rack. To be more precise, the frequency of Rubidium
oscillator is divided up to 0.2f by the frequency synthesiser

to drive the transmitting driving unit of each radio wave. Then
the radio wave is transmitted from the aerial via the transmitter.
The aerial current is fedback to the transmitter's driving unit
and so controlled as to coincide the phase of the aerial current
with that of the 0.2f signal. Part of the fedback signal, on
the other hand, impresses even the transmitter's driving unit of
the spare rack and controls so as to make the phase of the 0.2f

signal of the rack coineide with the phase of the duty rack.

The output signals of the driving unit of the transmitter are
in wave form switched by switch circuit of the transmitter's
driving vnit by the signals consistent with time schedule of the

Mark-10 transmitting system in the time signal generating unitc.

The phase control equipment for a slave station monitors by the
6f receiver the phase of signals transmitted from own station

to insure that the phasé coincide with that of the master station
at all times, and controls by difference of signal's output.

And the time sequence itself should be corrected by the zero time
signal of the 8.2f receiver's output because its reference point
must coincide with the master station. The operation of other
equipment for a slave station is similar to that of the master

station.
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1-3-2 - -Switching equipment

‘Theuﬁshitoring éﬁd switching equipment is a device by which to
monifor the operating conditons of the transmitting equipment,

to rate the serviceabllity of the three sets of phase control
équiannt above~mentioned, and, immediately upon detection of

any abnormality, to switch over automatically to the phase control
equipméht of high serviceabllity, The system of this equipment

is shown in Fig. 5-4-21,

Abnormalities of the three sets of phase contreol equipment in

the phase synchronisation, in the operation of the master oscil-
lator and in the time synchronlsation are ilaput in the fault ratie
detector to calculate the ratio of faults to time., The output

is then input in the automatic selector and led the selected
signal to the switching unit. The switehing is performed by
sending out the switching signals to the control unit by command
from the switching unit, Switching can be done both automatically
and manually, and when it is done manually, artificial alarm is
produced from the test keyboard and an operational test of auromatic
selection can be performed. The operational condition of the
phase control equipment by automatic selection can be monitored

by the display unit.

Each slave station has a receiver to monitor the phase synchronisation
between the master and slave stations in the basic frequencies

of 1f and 0.2f. This receiver is of superheterodyne system,

in which the monitoring of synchronisation is carried out by

the display of the decometer. If this phase synchronisation is
stepped out, phase control is done by the remote control from

the central monitoring equipment.

Following is an outline of the functions of the monitoring and

switching equipment:

a) During its normal operation, the phase control

equipment is switched over to another phase control
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1-3-3

equipment every 24 hours, and the switching-over.
is done in the order of No.l, No.2 and No.3 equip-
menc.

b) The amplitude, phase and time of the transmitted
radio waves are compared with those of each phase
control equipment and ;ﬁe automatic monitoring
and switching equipment, and the serviceability
of the equipment is classified into the following
four stages in accordance with the number of troubles

to time ratio of each phase control equipment.
OK, Dubious, Suspect and No vote

The "No vote" is a case where troubles are detected
more than once during four minutes; the equipment

iz not in operable condition.

¢) At a slave station, abnormalities caused by such
factors ocutside the slave station as fallures in
the equipment at the master station and faults in
radio wave propagation are discriminated by the
anti-static circuit, thereby restricting the switch-
ing of equipment in the recelving system in an

abnormal condition.

d) With this monitoring and switching equipment, it
is possible to cut the automatic switching system
off and to switch over to manual handling and check

the Operaéiﬁg condition of the equipment by simulation.

Transmitter

The transmitter comprises five racks of equipment ﬁaving identical
functions, and each rack has a different frequency. The system
of the transmitter is as shown in Fig. 5-4-22.

In fhe pré;inpuéumixing-cif;uit of the‘transmitter, the input from
three racks of phase control equipment is distributed and impressed

in four exciting units, opening the gate only for the rack
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designated for the duty transmitter and amplified and divided
into elght parts by the coupling transformer. Then twelve pieces
of power.amplifier units are excited. The output of each power
amplifier unit is 100W which is composed at the output trans-
former to make an output of 1.2kw. There are tap changers in
the output transformer, and the equipment can be operated by
half or low power output as cccasion demands. In the event of
failure in the blower unit, the equipment can be operated,
reducing the power automatically to half power. And the output
voltage is fed back to the exciting unit, cause it to perform
ABC operation, and the output fluctuatuion is diminished. The
blower unit has a clrcult separately incorporated to detect
troubles in the exciting unit, power amplifier and fan motor,
displays the abnormalities on its panel and outputs signals for

remote monitoring.

1-3-4 Aerial coil assembly

‘fhe aerial coil assembly is a device to feed the aerial with
power for five waves sent from the transmitter without mutual

interference and with hiph degree of efficiency.

Power for the five radio waves from the transmitter is supplied
through a feeder (coaxial cable) into the aerial coil assembly
normally 200m to 300m away from the transmitter. The power is
first supplied to the feeder collector unit, and after setting
the electrie delay angle by the feeder at a certain degree (A/4)
for the five waves, 1s input to an independent matching unit for
each frequency via the ATAM equipment. These high frequency
signals are adjusted to the impedance of the aerial tuning unit
by the matching-unit, and the signals are effectively fed into
the aerial tuning unit, where the reactance parts of the aerial
impedance is compensated, and radio waves are transmitted on

five frequencies from the aerial.

The ATAM equipment (Automatic Tuning And Matching) is a system
to detect change in the phase and absolute value of load impedance
on the transmitter side to cope with the change in aerial
impedance caused by the change in the weather conditions, and
drive the aerial tuning system and matching unit to make the
optimum load automatically.
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" The return' of the “aerial tunihg unit is'earthed through the
phasing loop “unit and aerial’currént meter. One-of the signals
detected by the’ phasing loop‘is fed-back' to’the’ phase’ control
equipmént®to’ control’ the phase of thé sighal and another signal
is'sent to”the monitoring and switching equipment to monitor

the aerial currént. - ° R o

1-3-5 Central monitoring.equipment

The central monitoring eoudpment is a device set up in the
master station to monitor the phase and level of the radio waves
transmitted from the other stations. It also monitors the
operational condition of the equipment in the master and slave
stations. Remote control is carried out as occasion demands

in order to insure normal transmission of the radio waves at

all times.

The remote control console is composed from its functions of

a monitoring unit to monitor the radio waves transmitted from

the other stations and of a control unit to control the operation
of equipment at the stations. The radio waves from the master
and slave stations are received at the monitor site some dozen
kilometres away from the master station. -The signals thus
received are made. into codes and-monitored via UHF link at the

monitoring unit, of. the ;remote- contrel console.

This central monitoring equipment also has the data logger which

records the magor state of performance in the overall system
operation analy51ng the operation of a Decca chain as a whole
and which makes a detailed "diagnosis" of the troubles in the

equlpment etc. in the stations.
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2-1

2-1-1

Outline of Loran C system

Loran C transmitting equipment

Principle of Loran C system

Loran is the designation for a family of radio position fixing
systems which operate on the principle of measuring the difference
in time of arrival of pulse signals from a number of transmitting
stations. A palr of loran transmititing stations produces a family
of lines of position uniquely determined in space. These lines of
position of lines of equal time difference are hyperbolae, hence
the name hyperbolic for this type of system. The name Loran was

derived from the words LOng RAnge Navigatdion.

Loran A is the standard Loran system operating on a frequency of
about 2000. The difference readings are obtained by matching the

envelopes of the transmitted pulses.

Loran C is the logical extension of Loran A; the two major chara-
cteristics by which they differ are transmission frequencies and

time difference measurements.

To take advantage of the stable propagation characteristic and
long range of the LF band, 90 - 110 kHz frequency band was chosen
as allocated internationally for long distance radionavigation

systems.

Time difference measurements are made by utilizing both the pulse
envelope and the phase of the carrier within the envelope, and the
envelope match produces a coarse time difference reading and the

cycle match produces the fine time difference reading. ¢

It is this additional fine reading and longer baseline between
stations which give Loran C its increased coverage and higher

accuracy compared with previous Loran A system.

(1) Configuration of transmitting stations

Loran C chailns are comprised of master transmitting stationm,

two or more secondary transmitting stations and, system area
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(2)

monitor (SAM) stations. In Fig.2~l is shown a.typical.con-
figuration of«horah C stations. The transmitting stations are
located such that the signals from ‘the" master and -at: least

two secondary stations can be received throughout the desired
coverage area. For convenience,- the master station.lsdesignated
by the letter "M" and the secondary stations are designated W,

X, Y, or 2. Thus, a particular masterfsecondary'palr and the

TD which it produces can be referred to by the 1etter designations
of both stations or just that of the secondary (e.g. MX time
difference or TDX.)

Fig. 2-1 Configuration of LORAN C stations

Method of transmitting radio waves

The transmitting stations of a Loran C chain transmit groups
of pulses at’a specified group repetition interval (GRI)

Each pulse has a 100 kHz carrier and is of the shape “described
in Figure 2-2. ‘ For each chain a minimum GRI is’ selected of

sufficient length 'so that it contains time for trausmission of
the pulse group, from each station (10 000 microseconds for the

master and 8 000 microseconds for each secondary) pulse time
between each pulse group 50 that 51gnals from two or ‘more stations
cannot overlap in time anywhere in the coverage area. (See

Figure 2-3.) . Thus w1th respect to. the time of arrival of the

master, a secOndary station will delay its own transmissions

for a’ specified time, called the secondary coding delay The

v

e e

minimum GRI is therefore a direct function “of the ‘number of
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100 KHZ carrier waw

zero  phase pulse (+) phase pulse (-

Fig. 2-2 Pulse waveform

. LORAN-C CHAIN GRI o

SECONDARY SECONDARY

MASTER N MASTER
PULES X PULSES Y RULSES secal u%hggs PULSE <

AN B

1000 ©LSEC
L T

TDZ

Fig. 2-3 Example of repetition synchronisation
of Loran-C system

stations and the distance between them. A GRL for the chain
is then selected so that adjacent chains do not cause mutual
(cross-rate) interference. Possible values for GRI are listed
is Table 2-1. The GRI is defined to begin coincident with the
start of the first pulse of the master group.

Each stétion transmits one pulse group per GRI. The master
pulse group consists of eight pulses speced 1,000 microseconds
apart, and a ninth pulse 2,000 miscroseconds after the eighth.
Secondary pulse groups contain eight pulse spaced 1,000 micro—
éecéndg spart.

As'sﬁgwn is Fig.2-2, there are two different types of pulse;
‘ieré-éﬁéée puisé and phase pulse. Transmission of radio
waves is performed using the combination of these different

types of pulses as shown in Fig. 2-3.
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Fig. 2-4 Phase code of Loran C pulse

Table 2-1 Pulse repetition period of Loran C

Special Basic repetition period ms

repetition

period 55 SL “SH 5 L H
0 100,000 80,000 60,000 | 50,000 | 40,000 | 30,000
1 99,900 79,900 59,900 49,900 | 39,900 ( 29,900
2 99,800 79,800 59,800 49,800 | 39,800 | 29,800
3 99,700 79,700 59,700 49,700 | 39,700 | 29,700
4 99,600 79,600 59,660 49,600 | 39,600 | 29,600
5 99,500 79,500 59,500 49,500 | 39,500 | 29,500
6 99,400 79,400 59,400 49,400 | 39,400 29;400
7 99,300 79;3?0 59,300 49,300 | 39,300 | 29,300

(3)

The phase pulses ‘or codes are used in the receiver in identi-
fying the master and secondary stations and in automatic search
at the ‘master station and automatic synchronisation to - the
master statiOn. “An“example’cf’the phase-code-is'shown in
Fig 2-4, and pulse repetition synchronisation is-given as

i . -

shown in Table’ 2~1 Pl e - F v g

- A

Loran v transmltting station equipment N Bt

I - L - _i-'a i -

Fig. 2-5 shows the composltion of Loran C station equipment.

The Cesium oscillator is used as standard oscillator.of

_frequency to supply reference signal to_Fhe timer ﬁhieh

) genera;es the standard repetieion pulse ef Leran C The

s - Y BTRTL

‘z

L T
e - S L T
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"-mpulse generators (PGEN's) are driven by the trigger pulse
the timer output, and thus the standard Loran C pulse signal
can be obtained. The PGEN can adjust manually the ampli-~
fication of the eight cycles of 80 us among the first
building—up time of the standard Loran C pulse. It can also
change the whole level of driving pulses of the transmitter.

As it 1s gilven the output of PGEN, the transmitter amplifies

the power of high frequency energy straight forwardly to produce
the required output at the final stage and feed the aerial

with it. There are two transmitters; one is s duty transmitter
and the other a stand-by equipment. In the event of failure

of the duty transmitter, the transmitter automatic controller(TAC)
can switch it over automatically to the stand-by equipment.

The aerial coupler has a loading coil which matches the aerial
with the transmitter, and the duty and stand-by transmitters

are so designed as to be switched over to each other as occasion
calls by the aerial/dummy change-over switch. Part of the

output fed into the aerial is picked up and led to the above-
mentioned TAC or electrical pulse analyser to perform the monitor-
ing of output wave form and the measurement of required para-
meters, and to display the operational condition of the trans-

metter by means of the alarm unit.

There is in the Loran C system a monitor station to monitor

the transmitted wave form from the master and secondary stations
in order to ensure the normal operation of the system.  Should
any abnormality be detected in the transmitting station, such
abnormality is controlled by the teletypewriter placed in the
monitor station. The remote control interface is a device to

perform this and other functions.

At a secondary station the radio wave should be made synchronised
to that of the master station set at the required coding number
and for this reason signals from the master station is received
by the Austron timing receiver to set the timer of the secondary
station or blinking at the master station is detected here to

produce alarm signal.
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2-1-2

(1)

(2)

(3

(4

All functions-and features of the transmitter equipment

o
N

Dual transmitter configuration: Automatic switchover to the

standby transmitter in the event of a failure of the duty

transmitter.

Water-cooled amplifier for the final output stage of transmission

Solid state high voltage power supply utilises SCR regulation

Features of all solid-state LRE

1)
2)
3)
4)

5)

Control of Loran C pulse shape and amplitude
Automatic switching of Loran C transmitter
Loran C alarm indications centralised
bigictal Loran C pulse shape analysis

Remote control of important matters relating to power source,

transmitting equipment, sending of unusable signal
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2-1-3

2-1-4

Composition of transmitting equipment

The compositioﬂ of the transmitting equipment is as shown

in the following table:

Table 2-2 Components of Loran C transmitting equipment

(In the case of 3 secondary stations)

Secondary
Master Monitor
Name of unit station station station Remarlks
{each station)
Transmitter 2 sets 2 sets -
Aerial coupler 1 set 1 set -
Dummy load 1 set 1 set -
Cesium frequency One set con-
1 set 1 set - sists of 3 Cs
rd r
stapda ack standard 0SC's
Pulse monitoer,
Timer set 1 set 1 set - Pulse
generator,etc.
Transmitter
control set 1 set 1 set
Status alarm
Auxiliary rack 1 get 1 set - unit,Austrom
timing recei-
ver,etc.
Recorder rack 1 set 1 set -
Remote control
interface unit. \1 set 1 set 1 set
Teletypewriter 1 set 1 set 1 set
Monitor station _ _ 1 ¢
receivg; se

The whole figure of the system, an outer appearance of each

component and the system drawing are shown in Fig. 2-5 through

2-12.

Main ratings of the transmitting equipment
(1) Transmitting frequency: 100 KHz
(2) Band width: 20 KHz (90 ~ 110 KHz)
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2-1-5

2-1-6

2-1-7

Yy Pulse_geﬁeratorﬁkaEN)

(3) Type of emigsion: Pulse .

(4) Emission power: 400 Kwv (Peak value)

Cesium frequency standard oscillator

This constitutes the frequency (phase) standard of a Loran C

.ransmitting station and is composed of the following components:

(1) Cesium oscillator 3 units
Apeeteata & D

(2) Ptose microstepper
(3) Phase adjuster
(4) Distributing amplification

(5) Phase recorder

Timer equipment

This is a unit to generate Group repetition intérval that is most
important in the Loran C equipment, and is composed of the follo-

ing equipment:
(1) Loran timer 2 units
(2) Timer switching unit 1 set

(3) Power unit

-

Transmitter control set

This i; a device;to produce stgﬁhaid Loran C signals to drive the

b gtk o B T . T VI WIS PP S PR

transmitter b§ the ttigger signals of the timer. Ih éddition,

it has stch other functions as’ the monitoring of output wave form
of thg transmitter and the switching-over- to .the:stand-by trans-
mitter in the event of failure of the_duty_equipment.

Main functions of transmitter control set are as follows:

Ra, mesi,ne wor g4 ey o

- -7 £ P— .
e Tl R LR - - sl e,

x*

l) The PGEN develops a transmitter drive wave form (TDW)

from the timing pulse received form the timer set.
2) :Generation- of standard- pulse wave:form(tzexp (—2;/659

3) Correction.of:distortion;of:transmittingipulse wave form
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(2)

(3)

(4)

Transmitter automatic controller (TAC)

This i1s a controlling equipment to monitor the wave form

of "0On air", and in case of a fault in the duty trans-

mitter, switch it over automatically to the stand-by

equipment.

Electrical pulse analyser (EPA)

1) Precise and unambiguous Loran C pulse shape and

amplitude measurements

2) The measurements of envelope-to-cycle difference (ECD)

of the first pulse

3) The EPA generates a "reference envelope wave form",

2

an oscilloscope.

t exp (—2t/65), which is used in conjunction with

Components of transmitter contiol set are as shown in

the following table:

Table 2-3 Transmitter control set components

Name of unit

Quantity

Master station

Secondary station
{each station)

Emergency stop panel

Transmitter automatic

controller

Elecérical pulse analyser

Pulse generator No.l

Pulse generator No.2

1 set

1 set

1 set

1 set

1 set

1 set

1 set

1 set

1 set

1 set
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2-1-8

2-1-9

Auxiliary rack *: .

This incorporates-status display and alarm of the transmitting

"equipment ‘and ‘an’ Austron timing receiver for setting the

"éontrol number” of secondary stations..

Main functions of auxiliary rack are as follows:
(1) Status alarm unit (SAU) - - -

When the equipment is in normal operation, only the green
light shows. In the eveﬁt of any-abnormality, the location
of trouble is indicated in red letters and at the same

time the emergency buzzer rings. That is to say, the red
colour display indicates that the equipment is 1in some sort
of troubles.

(2) Austron timing receiver

1) This is a controlling receiver for. synchronisation to
the master station and setting of the "control number™

of a neighbouring station.

2) To detect unusable signal of the master station and

transmit warning signal

3) To monitor other pair of a master and secondary stations.

Composition of the auxillary rack
The composition of the auxiliary rack is as shown in the follow-

ing table (This is a case where the number of secondary stations

is three) " - ’ ) e

Table 2-4 Composition of auxiliary rack

P - -

. T *‘Qpéntity
ja?e;of unit . Master- station Secondary station
T . --pasterss " «(each station)
Austron timing receiven. - 1l set
Status alarm unit - 1 set’ - 1 set
Digital voltmeter - 1 set 1 set’
Syachro scope 1 set 1l set
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2-1-10

2-1-11

Remote control interface unit

The Loran Replacement Equipment (LRE) is controlled by the

system monitor station by teletypewriter through this remote

control interface unit.

The main features of remote control interface are as follows:

(1)

(2)

(3)

Main

(1)

(2)

(3

(4)

Interface to perform local phase adjustment through

remote control

Instruction and stoppage of blinking for the master and

secondary stations

Cabling out of and instructions to transmitting station

monitoring personnel

actions of the transmitter

The peak current of 7004 and peak radiated power of
400 KW are fed into the 625 foot toploaded monopcle
aerial (TLM).

At the final stage, the equipment 1s operated as forced
water cooling system and B-class straight line amplifier,
and the second intermediage amplifier drives with cathod
follower at the final stage.

Ample band width is provided for each stage so that the
standard Loran C pulse signals may be amplified without

-any distortion.

Since the building-up waveform of the transmitter out-
put gets blunted usually because of the high gquality
factor of the aerial system circuit, the transmitter

input from the pulse generator is pre-emphasised.
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2-1-12 Components of the transmitter-

The transmitter isucomposed of the following units:

.»;‘ - - - . - PR
i b AF Toa e eIy R T

Table 2-5 Transmittér'cbmﬁoneats :

4

! _ Quaptity ~
Name of unit ocer otacion Secondary station Remarks
5 * (each station)
First stage power ; i
amplifier 1 set x 2 1 set x2
lst & 2nd
Intermediate power 1 set x 2 1 set x 2
amplifier
Final power
1l set x 2 1l set x 2
amplifier AC 208V:
Power supply 1l set x 2 1 set x 2 225 KVA
’ AC 460V:
. 300 KVA
2-1-13 Aerial coupler

The main part of an aerial coupler is a léading coil unit for

matching of the aerial with the frarsmittér.

{1) The aerial 1oading coil network is provided to perform
matching the aerial base impedance with the required feeder

line impedance on the sidé‘of the transmitter output.

© e - . s 5 r -
- € - .- " i = Iy -
- s - X FE v gy

(2) The aerial current transformer is provided on_the earth

....

side of aerial circuit to, measure, the input signals of the

Jrransqittgr autgpa;ic:coqrrollgr C?AQ) circuit and aerial

current.

(3) There is a high tension vacuum switech to change No. 1 and

No.2 transmitter over to the aerial and dummy equipment.
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21«14 1---~, Composition: of. aerial coupler

2~-1-15

2-1-16

The components of the aerial coupler are as shown in the

following table:

Table 2-6

Aerial coupler components

Name of unit

Quantity

Master station

Secondary station

Aerlal loading coil

Aerial current transformer

Vacuum tube relay for
aerial dummy changing

1l set

1 set

1 set

l sectx3

lsetx 3

1l secx 3

Electrical aerial dummy load

This is used as dummy load for adjusting the stand-by trans-

mitter and its main features of Electrical aerial dummy load

are as follows:

(1) This dummy load is connected to the stand-by transmitter,

which can be operated by full rated continuous load.

Cooling is done by the forced air cooling system.

{2) Non-inductive resistance unlts are connected series-

parallel, which are of the value equivalent to the aerial

base resistance at the dimmy input extremity.

Composition of electrical aerial dummy load

The components of the electrical aerial dummy load are as

shown in the following table:
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Table 2-7 Electrical-aerial dummy -load-components - -~ ~%

, T w0 o N P [
¥ s Ay - LI - Loz [T Mg e

ry -

Name of unit Quantity

Secondary station
Master station (each station)

Non-inductive resistor 1 set 1 set

Blower for cooling 1 éet 7 1 get

Reference 1iteratureé

1. G.R. Goodman and R.P. Oswitt: "Loran C Replacement

Equipment (LRE)", Navigation, Vol.23, No.3, P.228
{Fall 1976)

2. H.T. Sherman and V.L. Johnson, "The Loran C Ground
Station", Navigarionm, Vol 23, No.4, P. 349
(Winter 1976-77)
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2-2

. Loran. C receiver '

There is-at present a wide variety of Loran C recelvers

for ggperal (non-military) use, and those which are in-

expeﬁsi@e ones are of the type utilising, just the pulse
envelope curves and the accuracy they provide is not

better than that of Loran A.

The receivers which conduct measurement by matching the
carrier waves contained in the pulse, and this is a primary
way of utilising the Loran C system, are rather expensive.
and those sophisticated receivers for military use are
extremely expensive, whose prices now amount to 100,000

US dollars.

There are no clear classifications or standards for beth
expensive and inexpensive ones, and the difference in the
functions and other factors among the various types of
raecelver 1s very big. It is no easy matter at the present
time to bring all of these under complete control and

standardisation.

In Table 2-8 are shown some examples of high-class receivers
for public use and in Table 2-9 is shown a comparison of

their performance.

As seen from these Fables, there is a considerable difference
among the receivers in, for example, the time required for
them to be stabilised, alone. According to the data pub-
lished by the National Technical Information Service, some
receivers coulq make correct selection only after 17 minutes

of warm-up.
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Table 2-8 Example of high-class Loran- C 'recelvers

Name of AHEQE?F§§: ?&biéﬁié&”;f .~f¥;x ey
manufacturer or ,-'hyterbolau,_,grifg Remarks
and equipment | semi-automatic R A

EPSCO semt-auto | by apatr || $4,500.,

by " p $3,595

e weo | BSnben e
i ' s

Decea -- R PR

ggghDYNE " by aj;éin “ EA,7$;‘_

Table 2-9 Comparison on performance of ‘various types

of high-class Loran C receivers

Name of equip-

Clas- mént I“ggﬁNAV - gifgi' :icgggoclc
sification - - sEHTA N Ll
Range-ground wave | 1200 n.m. 1000 f.m. 1400 miles
Range-;skywave 2500 n.m, .[Not specified.

e e eem o oo |30 sec?0:dbiS/N: :| 30 sec 10 db
Acquisfition t%mg_u:?o gfcondﬁ 90_sec~6.db_S/N. | 90 sec -8 db

- L

Settingfﬁiﬁé '

T L P
5 seconds

400gec’ 0 db

600 sec:<6 db S/N,

S/NTS

200 sec 10 db
LSQO sec -8 db

Notch filter

2 systems

and 130 XHz.

2 waves betweens70

Capa-

incorporated

ble of incorpo-

rating .4 waves in

outer portion

4 waves between
65 and 155 Kiz
Depression:

26 db

R.F. Selectivity

6~7 KHz search
26KHz tracking

5 KHz search
23 KHz tracking

3 XHz search
16 KHz tracking
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: . Power supply equipment. for Loran C navigation system

Introduction -

This power supply equipment is a device to supply power to
the transmitting equipment, its ancillaries and ether units

for use with the Loran C station.

(1) The standards to be followed are as follows:

1) JIs Japanese Industrial Standards

2) JEC Standard of the Japanese Electrotechnical
Committee

3) JEM Standards of the Japan Electric machine

Industry Associlation

(2) The Environmental conditions are as follows:

1) Ambient temperature: 10 - 45°C

2) Relative humidity: 40 - 95%

Composition

This power supply equipment comprises the units enumerated
below and' the connection diagram is shown in Fig. 2-13.
The skeleton diagrams are as shown in Figs. 2-14 and 2-15,

The number of sets given below for a Loran C stationm.

(1) Engine generator 3 sets (Fig. 2-18)
A set of engine generator consists of the following units:

AC generator

Diesel engine 1

(2) " Englie ancillary 1 set

- (3) Generator control panel 1 set (Fig. 2-16)

Thg‘éantrblnphﬁzl'hoﬁposed of eight panels as follows:

A=34



- it Qutput'switching panel- .., 3.
Automatic starter panel 3
Automatic change over panel 1 :-

DC source panel 1

(4) Power distribution panel 1 set (Fig, 2-17)

2~-3-3

(5) Spares and repair tools

Functions and ratings

(1) Engine generator

1) AC generator
° Type of protection:

° System of excitation:

¢ Qutput power:
Voltage:
Frequency:
Phase:
Revolutions:
Poles:

Power factor:
Rated:

Type of Insulation:

2)- Diesel generator -

° Type:

Output:

Revolutions:
members of cylinder:-
Starter: )
Coéiing system:

"% Fuel: ..oi aw oL

_°.Fuel consumption rate:

an =L -

1 set

Protected type
Brushless
300 KVA
200 v

50 Hz

3
1,000 rpm

6

0.8 (lag)
Continuity
Type F

Vertical,single acting,
4=cycles, pre-combustion
chamber,water cooled type.

300 PS
1,000 rpm

-6
. Alr starting

Water cooling with radiator
Diesel 03l or heavy oil

195g/PS/hr



(2) Generator control panel

Lo,

1) Type of panel:

2) Functions of panel:

Self stand, metal enclosed
type

Functions of each panel are as follows:

i) Output switching panel: On-off of ocutput

Automatic regulation
of output voltage

Monitering of output

i1) Automatic starter panel: Starting and stopping

of the engine generator
and other controls

11i) Automatic chane over panel: It performs automatic

change over of three
engine generator sets
by parallel operation
of the engine gene-
Tator

iv) DC source panel: It has two sets of

(3) Power distribution panel

1) Type of panel:

2} Functions of panel:

A-36

storage battery 600AH

- 12 cells and two sets
of charger for use as
control power source for
the engine generator

Self stand, metal enclosed type

It recelves output from automatic
change over panel and supplies
power to each load
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Reliability of Loran C system. . ., -« .= w12a 15 - .t oo

The Loran C system 18 extremely useful as a navigation system to
cover a wide area, but it involves‘humerous problems when it is

applied as it is in narrow channels where high degree of accuracy

voat '

is required.

The factors or elements to influence the reliability of a system
can’ be roughly divided into the following three items; radio
wave propagation paths, transmitting equipment and receiving
equipment.” It is desirable that there is good harmony among
these elements. In other words, it would be utterly meaningless
if just the’recéiving equipment could be improved to almost
perfection while ‘the two  other factors ‘are dominant in lowering
‘the reliability of the system. In the following paragraphs study
will be made on the reliability according to the classified

elements,
Propagation path

(l) Length of base line

The stability of propagation path is the key to determining

the accuracy of a system. In order to maintain this

stability, the base line should be as short as possible.

In the case of the Loran C system which adopts transmission

of pulses, high power, and long base lines are inevitably
required, and this gives rise to disturbances in the sky-
wave._ :This danger increases when, the length of the base
line exceeds 1000 km.

TesT o9 I ) oy 2

- .- ‘Referring to this point, Hr. C.B. Jeffery of the Canadian
Coast- Guard‘indiea;es that when signal from the transmitting
stations on, the east coast of the United States was received,

lane slip héd already occurred at a point 300 miles avay on

the mixed. 1and and sea- propagation path (One lane slip
corresponds to.an error of 10}u3" 1500@0

In other Ediés}ﬁiéaEén EZ Said a syéEéEféhiEh cannot

guarantee high réliébility in the aréea 300 miles on more

away" According to ‘a report published by the Natural

Techinical Information Service (NTIS), the envelope-to—
R Ar37
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(2)

(3)

(&)

cycle difference (ECD) sometimes changes by iZ.S/‘s

- depending upon the difference of the propagation path.
uFurthér, it may.change up to iS,ﬁQ?(error *450m) 1if the

effect of the skywave is also taken into consideration.
Unless Loran C adopts the differential system, the
absolute accuracy (or geographic accuracy) would never

be obtained in essence.

Impulsive noise

The exclusive band width of the Loran C system is 20 XHz
and therefore is susceptible to the influence of external
noise. Particularly, the lightning lmpulsive noise at
the time of thunderstorm falls completely in many cases
from its energy distribution to within the Loran C trans-
mission band width, and this is a defect in the L.F. band

pulse transmission system.

Inductive noise

In the cycle matching of the Loran C system the system is
greatly affected by various noise sources in the vicinity
of the receiving point. Noises from fluorescent lights,
shipborne generators, radars, fish detectors, etc. all
constitute causes of interference. Noises from cranes

or other sources ashore while the vessel 1s getting along~
gide the wharf also become main causes of inductive noise,

resulting in increasing lane slip.

Interference of cross chain

According to a study made by Mr. D.A. Feldman and other
Lbran'é"eiperts of the U.5. Coast Guard, there is mutual
intérference between the existing chains. The South
California Chaln, for example, is seriously interfered
by the Bering Sea Chain. This phenomenon will present
itself all the more strikingly as Loran C chains increase
in number. &ﬁej‘wain that measures to counter such

sitvation are urgently needed. The meer change of the
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< . .tracking rate is not- sufficient ‘as" a ‘counter-measure.
Both phase code ‘function (PCF): and group repetition
interval (GRI) must be improved. This however, will
inyolve. a large~scale improvement of transmitting chains,
recelvers and other equipment of the:system, which

will, in turn, present extremely serious problems, such
ag the obtaining of agreement on the part of the
Governments, manufacturers and users, to say nothing

of the international collaboration:

2=-4-2 Transmitting equipment

(1) Reliability of high power station

The scale of output of Loran C is a few figures larger
than that of the Decca Navigator system. The base
current of Loran C aerial amounts to as much as several
hundred amperes at the peak value, making the base
voltage go up, and this makes it necessary to work out
measures to counter the corona discharge, thunderstroms
and weather-proof peculiar to the tropical zone. This
is a maJor ‘factor to cause the deterioration of the

system.

The operating hour percentage of the Dececa chains in
Japan attains over 99.9% throughout the year, and the
system has -been.off-air.-just for a few minutes on an
annual average.:.In the case of Loran C in the tropical
zone, the pércentage of operating hours is presumed to
be very low, jt_lht.’{éing:‘_grom the “var»ilous__ __f‘actors mentioned

above.

'Ihe mean time between failures (I-ITBF) and mean time to

,‘ —_— —

repairs (H’I‘TR) :i.n the modern Loran C station have already

heen pubhshed and are as shown in the table below.

& RN

As seen from the figures, -the. off-air state should not

take place even for a, moment., - The system can be said

. too coarse to be applied in the area in question.

T
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Name of Fiscal MIBF (hour) MITR (minute) Remarks
system ?ear Maximum [ Minimum | Average| Maximum | Minimum | Average

'74 805 180 340 100 60 68 @ chain

Loran € | 475 1,913 | 180 366 510 60 | 134 | @ chain

Note: Literature cited: "LF/VLF Navaid Signal Reliability in airborne

applications "(Navigation,1976 Fall Vol 23, No.3)

(2)

In the above table the time of "off-alrs" includes only that
of unexpected one, not off-air for the purpose of periodical
malntenance check-up.

Failure occurs once avery two weeks on an average.

Pulse waveform of radiated power

In general, the height of a transmitting aerial in low
frequency band is small as compared with the working
wave length and therefore the radiation resistance is
extremely low, quality factor (Q) is big and the band
is spt to become narrow. For the Loran C system which
uses pulse transmission, it is necessary to have matching
circuit to conform to such type of tramsmission. In
such cases,the aerial system can be easily affected by
meteorological conditions by the fluctuation of various
constants of (, band width and the aerial of the aerial
system due to the changes in earthing resistance and
‘dielectric loss of the insulator. Particularly in the
troplcal zone where gqualls or other sudden change in
weather occur almost everyday, this presents a serious
problem. With the fluctuation of the band width of
radiation power comes the change in "rising time' of
the pulse. To trim the rising waveform of pulses bet-
ween the master and secondary stations in a chain, some
special device would be needed not only in the aerial
system, but in the whole transmitting system as well.
It is however difficult for the system to maintain a

high degree of accuracy.
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(3)

Control of envelope~to-cycle difference (ECD)‘“

*According to the ‘date obtained from the U.S. Coast ]
' quard, the width of +@#S (error of approx +750m) is .

accepted as the tolerance of ECD which constitutes
the phase standard of transmitted wave. This means
that the competent authorities themselves admit the
extremely coarse and careless Operation of their
existing system This problem has not been solved

as yet. As compared with the Decca Navigator system,
Loran C is originally a wide area oriented system,
and it has frequency characteristics in the propagation
path itself due to the difference by frequency of
electric conductivity of the propagation path.
Accordingly, the pulse waveform emitted from the
transmitting point cannot be transmitted to the
receiving point with accuracy, but is displayed in
the form of ECD abnormality. This is a problem which

affects the whole system and cannot be solved easily.
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*‘Accuracy of Decca system.and Loran C system

A N
- i

- Accuracy of Decca system

Uk
Introduction

The errors of the Decca Navigator system can be roughly classified
into two groups: those caused by alterations in the state of radio
wave propagation and those others which are indigenous to the

system itself.

The first group of errors are random errors caused chiefly by
changes in time of atmosphere in radio wave propagation path,
while those of the latter group are errors caused from configu-
ration of the transmitting station and performance of the equip-
ment, and the value of these latter errors could be reduced by

efforts of the operator.

Random errors

Random errors are caused by changes in time of atmospheric condi-
tion in radio wave propagation path, changes to Decca equipment
for a short time, or by errors in reading numerical valve. The
biggest cause of all these is the changes in time of atmospheric
condition in the radio wave propagation path, and the influence is

big particularly at night.

In the Decca Navigator system it is always necessary to ensure
that the synchronised radioc waves from the master and slave
station arrive at the receiving point, maintaining a certain

phase relationship.

Most of the radio wave propagation is the ground wave that propa-
gates along the surface of the earth during daytime. The
reflecting energy of the radio wave radiated toward the sky (sky-
wave) is_exqremely small { The reflection factor at E-layer in
theﬁsky‘Ika high is approximately 2Z) and therefore negligible.
The phase deviation is also small, and errors caused by the propa-

gation conditon do not present any problem. During nighttime,
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however, the activities.of. the E-layer, eooutplﬁﬂkn;hithup

in the sky and the ionosphere called F-layer, 200 to 400km

high are remarkable, and the radio wave,radiated-toward.to

sky are refracted as it travels throuéh tne ionosphere and,
reflested, return to the surface of the earth.,:..The reflection;
factor at 95km high up in the sky is approximately 25£ This

PR

is because the ionosphere comprises free electron and positive

vl ‘
LR !

and negative ionospheric layer, and its character is unstable,
and the degree of reflection changes“enetp moment, with which
the phase and amplitude of the skywave that has retnrned to the
ground also change every moment. Since the -Decca system adopts
continuous wave system, unlike the Loran C.system which employs
pulse wave, cannot utllise skywave and ground wave by distin-
guishing one from the other. Accordingly, as the power of
skywave at the receiving points becomes strong, -the skywave
joins the ground wave to make composite wave, the amplitude and

phase of which fluctuate to cause errors in the fixed position.

(1) Errors by skywave

—_———— = wave)

- . P
-

Ground wave G

2]

Fig. 3-1

The fluctuation of phase of the received radic wave, caused
by composite wave of ground wave and skywave may be obtained

in the following manner:

In Fig. 3-1 above, suppose e

G: Field intensity of the ground wave

SE=.Square mean value (R.M.S. Y “of field intensity
- of the-skywave .-.c - —oIsoo-sio T -

X: Ingtanraneous.valve of: S..c 7. ex -0y
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(2)

- ©@: Phase angle (radian) of the composite wave and

ground wave
©l: Instataneous valve (radian) of Q
o{: Phase angle of the skywave and ground wave,
and here X G and (X/G) O,
then
SinPl—=Q1 ==

X, Sin¢X
G
If this is expressed in cycle, the result will be:
X.» 8in ¢
2X- G

Since the probabilities caused by all values of o
are considered equal, if the square mean value of
@1, by the mixing of skywave S is set at g ,
2
g2 =0

n

) 1Z(L._1_.x Sinc{)2
X G

n

Since again the square mean value of X 1s 5 and
that of sin © 1s 1/ 2,
g-= L . L . S = 1 . S (cyele)
2 2 G 9 G ... (3-1)

can be obtained.

Therefore, 1f the square mean value of synchroni-
sation errors between the master and slave stations
is held at 0.0l eycle, S/G = 0.09 can be obtained.
This indicates that the intensity of the skywave is
made less than -21 db against the intensity of the

ground wave.

Lane errors

The Decca Navigator receiver receives radio waves
transmitted from the master and slave station, multi-

plies the radio waves up to comparison frequency,
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compares'phases and displays phasedifferéncelon the
decometer. N Y

1f the radio waves from both stations have undergone
phase fluctuation by:skywave, such waves - are multiplied
and phase compared, and.the result is lane.errors in

the decometer, which becomes efroﬁs'iﬂ?fixinglpositions.

When two signals a and b are multiplied and phase
compared ——— one signal has phase angle o1 of the
composite wave of ground wave and skywave and the other
signal has phase angle 92 of the ground wave ——— ,
the resultant phase difference @x will_he:

6x = a. 1L - b. B2

Accordingly, the phase differefce x

is: 0‘x2= = 6,2‘ = -:"—' Ly(a.el;h.az)z

n

‘{zz +Zb e2 -5 2ab ;- 82}

Since @; and 92 are considered to change orbitrarily

and all their values are considered to be produced
with the equal probability, the result will be:

) 28 -b§=0

Therefore:

ox® = %0} + b0

Where (J 4s square mean value of §;

s éfﬁ is"squareimeandualde-of-Eb

{3) Application of the skywave error theory to Decca chains

The master and slave stations of the Decca Navigator

system transmit radio wave of different frequencies
having multiplying relationship, and it is” therefore )

nedessary to modify the frequency relation when sky-

wave errors are consideted.
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Sr+,
/”fip M: Master station

-~ R: Red slave station

P G: Green slave station
P: Purple slave station

X: Receiving point

To take the pattern of the red slave station for
example, errors at the recelving point X are presumed

to be those by phase deviation as shown below.

Sml: Phase deviation of master station frequency

(6£) in synchronisation path of master/slave

br : Phase deviation of red slave station frequency
(8£f) in path between red slave and receiving

point

am : Phase deviation of master station frequency
(6£) in the path between master and receiving

point

When the phase deviation of signal from the master
station in the propagation path of master/slave stations
is Sml cycle, the deviation is converted into amount
four times that of the comparison frequency of the
control receiver of a slave station. The amount of
phase deviation is subject to 1/3 time conversion when
it is converted into the frequency of the red slave

station.

Accordingly, the phase of the signal from the red slave
station has a phase deviation of 4/3 Sml. Further,

A~4b6



the signal is subject-to the: phase deviation of br by

the time it reaches the receiving point The phasey Lo T

deviation of the red slave station at Point X is = e
- 1‘;.‘*“_“!« o
(br + —5—;Sm;) cycle perd o -

On the other hand, the signal from the master. station,
which has reached the receiving point through the
path of MX is subject to the phase deviation,oﬁ Am,

4
&

The phase deviation OR of the red decometer at the time
when the signal. from both the master and slave stations
at the recelving point is taken into the receiver and
converted into comparison frequency, is indicated in
the following formula:

4
4am - 3(br + -5 Sml)
4Am - 3br - 4Sml chcle or lane veeel (3-2)

SR

It

When a number of observation values of em_have been
obtained, the following expression is possible as
dispersion of Qg:

N
ar 2 %;; ‘351

N

=

(4Am-3br-45m1)?

N

‘Where N is amount of observation value

Both Am and br are élearly independent and ‘employ
random distribution with zero as mean value; and have

no interphase for phase-errors. pLEL -

ASLT



The term of cross product of Am and br under big
obgervation value, therefore, can be deemed as zera.

Accordingly, g is expressed as follows:

CT 2 Y 2 2 G 2 2
R = 160an + 90 br + 160sml + (0.012) ...(3-4)

The 0.012 in the above expression is an amount estimated
for uatomatic synchronisatilon error at a slave station

and follow-up error of the receiver.

Likewise, in the green pattern, we can cbtain:

3
& 2
O‘G?' = 9G‘Am2 o+ 90’51112 + 4Cfcg2 + (0.009)2...(3—5)

3am ~ 2 ( Sm2 + Cg)

In the purple slave station

Op
Op?

5Am - 6'(—2—Sm3 +dy)

2 2
25 AI%G_-I- 25(JSm3 + 360‘:3p + (0.015)2 .. (3-6)

can be obtained.

3-1-3 System error

When the Decca Navigator system is utilised in measuring phase
difference and the position obtained from the mean value of the
thus measured value differs from the actual position, it is
said that there is a system error. There are several types

of system error as shown below.

(1) Error by propagation speed of radio wave

The propagation speed of radio wave varies according to
the soil conductivity of propagation path. Generally,
the speed is indicated in the following values:

In vacuum 299792 km/sec
At sea 299650 km/sec
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In fresh water . 299250 km/sec
Over: farm ... ., .-- “299400 km/sec-
In mountain .area,. 298800hkm/sec.

The propagation path .between the: transmitting point
and the receiving point 1is not normally of a single
property. It usually passes the partion’ where soil
conductivity varies. In order to.calculate an
accurate position, the propagation 'speed.iis assumed
with every classification of the conductivity, and
distance is calculated also with each classification
of propagation path, and thus the chart calculation is
performed most effectively by the integral value of

each phase wvalue.

The chart calculation in the Decca Navigator system

is carried out by dividing the propagation path into
two types; that of the sea and thathof land, or by
futher dividing land propagation path into that of

big conductivity and that of small condnctivity, and
by applying a suitable propagatlon}spéed“to the propa-
gation path. The length of base line is relatively
short in this system and this contributes to the small-
ness of accumulation of errors and to the‘satlsfactory

result of the calculation.

The chart calculation in _the Loran c system, on. the

P
re -

other hand is performed on the basis of a single
ptopagation path which results in an_ increase in the
accumulated errors caused by the 1arge distance between

two stations, andxin big-errors._

.

(2) Frequency stability and error of radio wave trans-

Y

mltted from the master and slave stations

- S 8 - h - N . B et~
- e e SLharr RIS TR

The frequency deviation of radio wave transmitted
from the master‘and slave statibnstigwindicated as

deviation of line of position and becomes a system error.

A-49



The deviation (9(m) caused by frequency deviation Af
is expressed as follows, of the distance to the receiving
point 1s D{m):

3=—2—— . D . Af

Shere € is propagation speed of radio wave

a 1s wave length

As explained in the following paragraph, this system
has a frequency osbillator of high degree of accuracy,
and the errors of this system referred to in this

paragraph are quite negligible.

(3) Errors by phase synchronisation between the master

and slave stations

In the Decca Navigator system, the ground wave (Gf)

from the master station is received at a slave station,
which, in turn, transmits radio wave synchronised to

the one received from the master station. If there

is an error in this synchronisation, it will become an
error in position fixing. buring the nighttime may

be mixed with skywave and affected by the fluectuation

of phases, which makes it difficult to maintain the
normal phase relations between the master and slave
stations. This also causes an error in position fixing.
The synchronisation between the master and slave station
is performed by 6f transmitted from the master station,
but the synchronisation error at the time of synchroni-
sation is held within the sphere of 0.01 lane by the
decometer of the user's receiver, i.e. within 0.0l Hz

by comparison frequency, and this means the error is

held within 0.001 Hz by 6f.

(4) Geometrical accuracy of line of position

1) Deviation error

In the Decca Navigator system, the higher the
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2)

of the 1ine of position.

density of.lines, of: position, the smaller .the

deviation.error of lines of position influenced by
indieating error of the decometer.‘ The .deviation
error is smallest when it is on the base 1ine and

becomes larger as it falls out "farther of the line,

Suppose the width of a 1ane'o;:the base line is
denoted as W, the included angle between the master
and slave stations, measured from the measuring
point, as 4 and the error of measured:value of the
lane as A l,.the deviation error AS at the point
can be expressed as follows:

AS =Al. Y. Cosec L
2

As clearly seen from this exoression, at the point
where the included angle 4 becomes zero, i.e. on the
base line extension, deviation exror will-become
infinitely great and unusable, and on the base line
the indluded angle becomes 180 degrees and the error

becomes smallest-

Error by crossing angle .

When accuracy of the lines of position is considered,
reference must be made to the random error contained
in the reading value of the decometer and the devia-
tion error determined by the position of measuring
point as_ described in the preceding paraéraph.

-

Therefore, error band can be considered on both sides

The position obtained as crossing point of “the line
of position by the ‘reading value of two decometers
15 located within the parallelograms overlapped with

two error'bandé as éhown:in'Fig;l3425':below.
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Fig. 3-2

It is, however, inconvenient to express the error
by such parallelograms, and the general practice

is denote the error by error circles.

Suppose the difference in distance between the
measured position of a vessel and the actual
position of the same vessel 1s expressed as d, and
the standard deviation of d as (Jd, and this is
denoted by the standard deviations(J1l and 02 of
the measured value of the line of position and the

crossing angle Q of the line of position, Jd is:

gd = Cosec 640’1 2 L g2

The radius R of the error circle denoted by dis-
tance (68% circular error field) is indicated by

the following expression:

R = Cosec e\[(Clelcosec Jgiaz + (JyW,Cosec %552

e (3-8)

Where Wi : Width of a lane on base line
of LOPL

q)i : Included angle between master
and slave statioms
Viewed from the measuring
point

3-1-4 Estimated accuracy of Decca system in the low latitude zone

The propagation during the nighttime of the radio wave of long
wave band is subject to the magnetic field and latitude effect

of the earth. The Decca Navigator Co. and organisation in the
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countries having. the Decca system in operation have collected
data and 1nformation on the’ propagation of radio wave in order
to establdish proper operation "of the Decca Navigator system
which utilises raq;o wave of long wave band.  The data thus

collected have been made available to general public.

The data on estimated accuracy of the system in such low latitude
zone as Malacca/Singapore straits and Lombok/Makassar straits

have been prepared by the Jopanese survey team on the basis of the
actual data and automatic drawing by computer under the following

conditions:

1) The curve shown in Fig. 3-3 has been used as standard devia-

tion curve of random phase error during nighttime.

The data obtained from actual measurement at Decca stations
in Japan on the distance-to-skywave intensity curve as
shown in Fig. 3-4 have also been taken into consideration

in slide calculation together with the, latitudinal effect.

2) The curve has been added with the following frequency

characteristics:

5f + 1.5 db (@ultiplied by 1.}89)
6f
8¢ o
9¢ 0.5 db (maltiplied by 0.944)

- ~

i

}-Without any, change

3) The relative co-efficient of the line of position has

been made at 0.75 during nighttime and O during daytime

in calculating errors_in position=fixing.

4) - The following values have been added as fixed errors

appearing On the decometer'

Red pattern h biOlZ lane
~Green pattern=0.009 lane '
-Purple pattern 0.015 lane.. - S



5) The daytime value of phase error has been - 9db (1/2.83)

lower than the curve of 0° shown in Fig. 3-4.
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“3-2

3-2-1

3-2-2

“eivrAccuracy of Loran C system

" 1

Introduction

The fundamental matters relating to the errors of the Loran C
system are similar to those of the Decca Navigator system.

The only difference should be that the selection of ground wave
and skywave is possible in the Loran C system which employs
pulses, by utilising the third rising-up cycle of the pulse.
However, transmitting stations throughout the world mingle in

a single channel of frequency band of 90 to 110 KHz and parti-
cularly at night these stations mutually beat signals from other
stations on many occasions. This trend will become increa-
singly marked in the future. This beating of signals is rated
in the similar way as an extremely big noise, which would bring
timing changes in the display of the receiver. In the calcu-
lation of errors these are completely disregarded and the evalua-
tion is made in the quite ideal state which is far from the

actual situation.

Estimation of accuracy of Loran C system in low latitude zone

The estimation data on the accuracy of the Loran C system have
been indicated in automatic drawing by a computer taking the

following conditions into account:

a) Relation between signal-to-noise ratio and standard

deviation ((Jpr) of received signal.

The time-fluctuation by noise of the secondary
servo used in the Loran C receiver is, according
to a report published by the National Technical
Information Service (NTIS), expressed in the

following expression:

- 7 Oif 1.25 ( ’éL') . Ka 4

s An

Where (J': r.m.s. error (s )
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N/S : r.m.s. noise-to-signal ratic
at input point of sampler

Foyon ven w

-1

n ! Number of'égéﬁiings per‘second

(80° {n~normal Loran C chains)

Ka : Accelerating constant of servo
loop (According to NTIS
report, ITT-make equipment Ka
is: Ka = 0.08 Yad/sec? )

8

Relation between distance and field intensity

According to the data published by ITT, the field
intensity of Loran C (field intensity of sampling
point (3rd cycle) from a transmitting station
having transmission power of 400 KW) is as shown
in Fig. 3-5.

tn
L=3

Fig. 3-5
N
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WORST CASE NOISE LEVEL(DBABOVE 1

¢) Noise in Southeast Asia

The atmospheric noise level in Southeast Asia is,
according to the quotation 1in CCIR 322, considered
to be M=62 db when the band width is 20 KHz, M

being the worst value.

701
_ SPRING
Fig. 3-6 ”-ws‘\
— e e
60 -1'--l----...____._n'.-‘-""'».,~ ,//r' s
e o . ’ rd _‘______—

T

e Y S LR
4 8 12 16 20 24
LOCALTIME

d) Other factors to cause errors

i) Standard deviation value of synchronisation
error of slave station 0.04 us
1i) Errors in the hardware of the receiver 0.1 us

The receiver having a resolution of less than
0.1 us is only for military use. Publie type
receiver.s error is 0.1 us.

#ii) Improvement of noise

The degree of improvement by the noise checking

by limiter has been deemed as zero.

A-37



e) Signal-to-noise.ratio at. sampling point

S/N at. sampler input; point  is denoted in the

following expression: .
($/N) db =E-M+L (db) ..... (3-10)

Where E : Field iﬁéensity of signal (db)
M : Noise leveim(db)
L : Improvemenﬁ by limiter (db)

f) The timing changes caused in“the receiver by
noise in proppgation path from thé—transmitting

point to the receiving point

The timing changes in the above caption can be
denoted by the following expfgssioﬁ by using
the relation of a) through e) above:

1
Fd=1.25 ()L . kaj
]
S n
1 L 1
=1.25 x X x 0.08 4
(E M+l 480 (3-11)
10 20 ; s
g) Stability of lines of position
S
S
O
M -
Csp

Owp M : Master station
8 : Slave station
P : Receiving point

" As a'result of ‘3): through h), the standard devia-

tion of timing fluctuation of-each station is as

shown in Fig.u;—by )

el

= R -
EAL P -
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The error of the line of position is expressed in

the following expression:

(ﬁ,#(ﬁmz +0.04% +05p% + R%...... (3-12)

Where the R value is an error on the hardware
of the receiver (including resolution of LOP)
and 0.2 us 1s given.

i : palr of stations

h) Calculation of error circle

The error circle (probability 68%) dr.m.s. can be

expressed as follows:

dr.m.s. = — 150 ﬂj g1 2 4,42 2
sin( L2 Yl gin g1 ) + (smd_g_z_
2 3 )

...(3-13)

M : Master station
51: 5lave station 1
S§2: Slave station 2
B : Angle between LOP's

= $1 ¢

2

Accuracy of Loran C : example of receiving

Expression {3) in the preceding paragraph indicates
a case where the Loran C system is operated indeally,
free from interference from others. In actual cases,

particularly during the nighttime, interference by
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mutual signals from the.stations becomes very large

because of the pecu};agipy of the Loran C system

that it is operated in a single channel.

This

inevitably leads to the worsening of signal-to-noise

ratio and the reduction in the number of samplings

of signals and eventually to big timing changes.

Here is example of recelving signals from the Loran

G stations in Japan.

Example 1 (Fig. 3~7) and Example 2 (Fig. 3-8) are
Lissajous during 3 to 4 hours of receiving LOP

value vunder the conditions shown in the following

table:

Table 3-1.

Example of receiving signal

from Loran C stations

Example 1 Example 2
Chain received
LOP 1 S83 - X 583 - X
LOP 2 S83 - Y 583 - W
Distance to
receiving point
from:
Master station 1300 &m 1300 km
Slave 1 1200 km 1200 km
Slave 2 1200 ¥m 2200 Im
Lissajous
Drawing F%g. 3 Fig. &
Fluctuation of e -
LOP - heT
-LOR-1 0.75 ps P~-P 0.62 MS P-P
LoP 2 0.75 ps P-P 7.63 ps p-pP

4260




Receiving point Akashi, Japan

4°46" N
134°56" E
Receiver DL 91 Loran C receiver

made by Decca

Example 1 shows a case where the distance from
‘the master and slave stations is both within
750 nautical miles,

Example 2 shows a case where the distance from

a slave station 1s more than 750 n.m.

Example 1 is within the best coverage of 553 chain
and indicates a time fluctuation of peak-to-peak
0.75 ps, a blg fluctuation quite different from the

theoretical value.
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Fig. 3-7

Loran C receiving data (S$5-3)
(by DL91 MK2 receiver)
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18th March, 1977.

Time of

measurement : 08:45 - 20:37

Axls X (LOP 1): M-X (Tokachibuto)
Axis Y (LOP 2): M-Y (Okinawa)

Scale: 8cm/10 us

LOP 1 Centre value 36412.0 us

LOP 2 " 58594.4 ps

$ = 34% 46.056' N
A =134° 56.209' E
(Fujitsu Akashi Factory)

Receiving point:



25th March, 1977.

Time of

Fig. 3-8
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Appendix.B

Analysis of guyed towers

1-1

Introduction

A method of analysis of high guyed towers under wind
loading, readily adaptable to electronic computer
solution, is presented herein. The method includes
tﬁe'variéble gu& spring constants, effect of drag
and 1ift on the guys, and such secondary effects as
external moments produced at each guy level, and
those produced by the distortion of the shaft.
Effects of ice loads and insulators, or both, on

the guys are also examined.

The analysis presented for computing tower member
stresses includes the effects of web member strains,
initial eccentricities of tower shaft between guy
levels, and increase in shear caused by shaft dis-

tortion.

An examiniation of two-way bending of guyed towers

is also included and a method of solution presented.

Assumptions

The following assumptions are made concerning high

guyed towers under wind loading:

(a) Wind loads on tower shaft are known and are
gssumed to -be uniform between guy levels; (b) the
moment of inertia of the tower shaft is considered
to be uniform between guy levels; (c) dead load of
tower shaft for each span is concentrated, one-half
at each end for beam-column action only; (d) the
guys are uniformly loaded by the wind or by a com-
bination of wind and ice; (e) the velocity of the
wind acting on a guy is the velocity at its average
height; (£) guy curve is a parabola for all loading
conditions; (g) drag and lift coefficients for a
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guy are as indicated by Diehl; and (h) wind-is
blowing parallel to the ground.

1-3 Normal position of guy

Fig.l shows a guy with no wind blowing and at normal
temperature, ty. If the total weight of the guy is
W kips, its approximate length L, in feet, is given
by

. A T (1)

L=a{(secw+
2482 secd w

in which H is the horizontal component of the ten-

sion in the guy in kips.
Vi

T
B\
H ..

FIG. 1. - ELEVATION OF GUY IN NORMAL
POSTITION

For erection purposes, the tension at the anchorage,

Ty, is known and H can be computed from

2
- c;s-‘v [W sin w +‘/z, T2 - w2 coswi ..... (2)

It may be shown for a parabola that

tanp, = tanw + —ZW_H R R {3a)
W
tanp, = tanw +-f-ﬁ" ......... (3b)



Ha

- 2
A Ag E (seclw +

W
b ] LI L O I
g 12 H

in which A = gtretch of the guy, In feet; Ag = the
metallic area of the guy in square inches; and Eg

= the modulus of elasticity of the guy in kips per
square inch. The unstressed length of the guy, Lg,

at normal temperature is then

At a temperature of t degrees C, the unstressed length,

Lg, 1s

L, = Ly [1.0 + .0000125(t=tg)] «ovvvnnnnnn. (5)

Effect of wind and tower motion on guy

Fig.2 shows the forces acting on a guy. The projection
of these forces, on a horizontal plane, make an angle
of ¢ with the direction of wind. Point B represents
the point of attachment to the tower which, in this
case, 1s assumed not to have moved. Positive directions
of the forces are shown in Fig.2. The total weight,
W, acts vertically down; the total drag, d,, acts par-
allel to the y axis; and the life, ll’ is parallel to
BD and normal to do‘ g, the true angle between the

guy chord and the wind, is given by

€oS 0= COS B COS W tevvrenenannnn {6)

Let 1 and 1y represent the components of the 1ift, 1,,

in the z and x directions, respectively. Then

1= 1l sinpg, ceoiiinnennna.. (7a)
1y =1, €050, cevniiininannnn, {7b)
in which
sinp = :::—::;’- o and L.ieeiceciaann (8a)
cos p = ____sins:nc;sw ............... (8b)



Assuming the volocity pressure to be given by

vp = 0.625v2x 1076 ............ ve (D)

the total drag, d,, and 1ife, 1;, on a guy are

approximately,

dp = 2.133 (Cdv?) . Cp - 1077 tons, and .... (102)

1, = 2.133 (Cdv2) . Cp, - 1077 tons, ........ (10b)

in which C = chord length of guy in feet, d = diameter
of guy in inches, v = wind velocity in miles per hour,
Cp = drag coefficient, and Cy = life coefficient.

It should be noted that ll is negative when ¢ 1is in
the first or fourth quadrant. Hence, the sign of 1
is opposite to that of cos ¢.

Dieh1t indicates values of Cp and Cy by curves for
values of § varying from 0° to 90°. For computer use,
it is expedient to express the values of Cp and Cp, in

polynomial form as

CD = 3 + alx + azxz + a3x3 + a x4

& . (11)
= 2 3 4
CL b0 + blx + b2x + b3x + bax
r 4
h 3 -
}
P
q i 5 X
w
é?/ ) a 8
Y
= A

e -

FIG. 2. - LOADS ON GUY

B-4



FIG. 3. - GEOMETRY OF GUY IN DEFLECTED
POSITION

in which x = [cos @ |

For x & 0.575: ay = 1.18457; a; = 0.07816; a, =
~1.51543; a5 = -1.73395; a, = 2.56634; b, = 0.00008;
bl = 1.45668; b, = -2.73481; b3 = 5.36663; and b4 =
-4,75092,

2

For x > 0.575: ag = 1.20931; a) = -0.08774; a, =
-1.33619; ag = -0.82684; a, = 1.06662; by = 1.40075;

0
b1 = —4.20644; b2 = 6,00561; b, = -2.24738; and b, =
-0.94991.

3 4

In Fig.3, the tower has deflected a distance A ft in

the direction of the wind at the point of guy attachment.
Because of the wind loads, the guy lies in a new plane
that contains the resultant, W,, of all the forces
acting on the guy. This new guy plane is represented

by the triangle By 0y A in the figure. The guy is
assumed to be a parabola lying in this plane with By 01
parallel to Wy and 07 A normal to W.. W, is given by

o

]12, + dg + W12 (12)



Thus

a, =\/ (a s:i.n";ﬁ)2 + (a cos ¢ -I-A)2 veseers (13a)

sin ¢l=a—§—i-'-‘—é e rieieeereianins (13b)
2
and cos ¢l=-§-—c-gz—¢-té—............. (13c)

It may be shown that

. (W-l)ht- 82(111 sin ¢1 + dg cos ¢1)

hy = - ... {14a)
1 We ’
= 2 2_ 2 & 5 b &k 49 s A YR
a /az +n2-n2, . (14b)
by
and tanwl=a—l, ceeeessssssses (lbe)

in which hy is the height of the guy at temperature, t.
The value of h. 1s given by

he = h [1.0 + .0000125 (t=tg)] woevnnnnnnn (15)

for steel structures.
The direction cosines of lines B;01 and OlA are
3101 OJ_A

1 2,
coscy = s cosd2 —tanw; cosdl + -;I sin #1>

d ) - - ay
cosgy = W_r ) cosg, -tanwl_gqspl___+ a—l cos ¢1’ .. (16)

. W—l‘;;, Tt - . Toox L TR . ht
cos?’l—"-'——'w—r, co?72-—-—-tanw1 cos)’l-a—l



Fig.4 shows the forces at the tower produced by a guy

under wind load, and Fig.5 shows the forces at the

anchorage., At the tower, the vertical load produced

wind
P
[
u
Ri 4 Anchorage
FIG. 4. ~ GUY FORCES FIG. 5. - GUY FORCES
AT TOWER AT ANCHORAGE

by the guy is Z; and the tension in the guy is Tj.

At the anchorage, the vertical uplift is Z, and the

guy tension is Ty.

If Hy is the tension in the guy of Fig.3 comparable

to H of Fig.l, it is possible to write

Wr
tanP'l = tanw, + FrrRRERIEE
' Wr
tanp2 = t:anwl - K .........
1
r _ '
Vl Hl tanP l -------------
" _ ]
\i'2 = Hl tanp2 .............
T3 = Hl Sec/’l .............

Rl = Hl coslg2 + Vl cospl ......
Sl = Hl (:t:»sc:l2 + V:'L cosd.l ......
21 = Hy cos?7 9 - V;L €oOS?Yy +evenn



M =1H; (sin ¢ cosdy + cos.gircos g 5)

4+ V'p (sin ¢y cosdj + cos ¢i, gé‘sgl) eees (179

N =Hy (sin ¢y cos g 9 - COS gy cosd 2)

+ V'2 (sin ¢, cosBq - cos #1 cosdl) cees (17k)

and ZZ = -Hl C0572 - V'2C0§ 7’ l ------- (171)

Note that V'l is parallel to W, and H; is normal to W,.

For any particular value of A and temperature, t, the

value of Hy is determined by trial as follows:

1. Assume a value for Hl’

2

W

T

2. Compute Ly = a; (secw y + 3 ) .. (18)

24 H% sec”w

Hya, W2
3. Compute A'g alrw (sec? wy 2) ....... {19a)
£7E 12 H
1
4. Compute L', = L1 - A'g ............ (19b)

5. Compare the value of L', given by Eq. 19b with
that given by Eq. 5. Because the unstressed length
of the guy 1s invariant, these two values should
be the same. If the values do not agree, assume a
new value for H, and repeat the calculations until

satisfactory agreement is reached.

Having obtained a value for 7H1, forces at the tower,
anchorage, and the guy tensions may be found by appli-
cation of qu. 17¢ to 171, inclusive.

This same procegiure. is applied to all the guys at cne

level. Having determinéd the forces at the tower for
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each of the guys, resultants can be found by super-

position: Thus

and yA =Zzl, ....................... (21)

in which R = the net guy reaction in a direction op-
posed to the wind at the guy level in question and

Z = the total vertical, down load produced by the guys
at the tower. Because the resultant, Z, of the Z,
forces is eccentric to the centroid of the tower shaft,
an external moment, M, will be introduced at the guy
level. If e is the distance of the applicatien of
the load Z; to the centrold of the tower shaft in the
direction of the wind,

M=2Z1e sveivernennenrnnncnnnns (22)

Because M is considered to be positive when it produces
compression on the windward side of the tower, windward
guys will have positive e wvalues and lee guys, negative

values.

In Fig. 6, values of R are plotted for tower deflection

values A.

2
¥
o tan K

_I' Interval

Q
0
A——Fett
FIG. 6. R-QACURVE FOR GUYS AT
ONE LEVEL
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If it 1s -assumed.that the change'in R*is“linear for

two successive values of A, then P

R = KAHQ  cevevvveneeneeenrnennss (23)

for the selected interval. The values of K and Q are
simply computed from the values of R at the lower and
upper bounds of the A interval. -Thus, the two
constants, K and Q, assoclated with each"value of A ,
(e.g., the upper bound of the interval) define the
value of R for that interval. Because the slope of
the R-A curve changes from interval to interval,

values of K and Q will vary with & .

Similarly,

=
L

BAFE, soveverenrennennanaes (24)

OA +J, veveenreerirssannenne (25)

™
]

Tower analysis

Fig.7 shows the forces acting on two spans of a
multiguyed tower. W, and W . =uuq;fo;m;y distributed
wind loads; M, _y, M'y, My, and M'y47 = the internal
resisting moments; ﬁn = the externalbmoﬁégf produced
by the guys; Putq = the total force acting down above
guy level ntl including the verti&%i z loéds‘ét this
guy level; and Pn = the similar lééd above guy level
n. Positive di;éctiQns of the lééds'énd moments are

shown.

[ -

To maintain continuity at joiﬁE nﬁwiimdéhenko estab-
lished the relationship ’ 7

'*1-n . T e B *ln,'
1 —_— Y 5 P
W Fgr, ¥ (o) +Mo1 GEp $ (ug)
2

i :

3
T %o g, X () -3



1 1

ntl n+l

+ My yo(upp) My g (ugy)
BEIn-I-l 6EIn+l
12n+l b'n-i-l B

+ Wopg x (upgp) + Ty - 0 ... (26)

20EL_ 4

in which I, Iy, = the moment of inertia of beams of
span n and n+l, and E = the modulus of elasticity of

the tower shaft,

|
~

@ (u) =< EEE_EE"EE) ........

¥ (u)

FIG. 7. TFORCES ON TWO CONTINUOUS SPANS
OF TOWER "SHAFT
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3{tan u-u)

and X (u) = e reesenes ceeensas (30)
: ' 113 .3
Because Moo= M, + Hn,
M'ntl = Mptl + Moy,

b'n =4, 'An-l, and

d'n+l =8ntl 'An,

Eq. 26 may be written

1 1 1o+l '
{Mp-1 I_z ¢ (up) + 8, [ﬁW(Un) + ﬁ(ﬂ(unu)]

_ 1
+ 4(Mppg + Mpgg) 'f;lj_%ﬁ (uns1)

2 12,
1n
* BMn W(Un) + Wy I, =X (up) + Worl Tt X(un+l)

An Ag-1 _ 4141 ~8q ]
In Iot1

= 24E [

Eq. 32 is the typical continuity equation.

Fig.8 shows free body diagraj.gx{s-_of; the spans of Fig.7
with applied forces as indicated. For-equilibrium,

V', and V are given by e =
W, Mo =M P -
1 _.n n-1 n LA _A

Via 7 T 1n, - + 1, (n _n~-1 ) s

Wﬂ+1 }I rH'l - Mn — Pm.l (A

-4 )

I n’

Vp =

Because Rp = V' + V. and using the first two values
2

of Eq. 32, the value of R, is given by

B-12"



Mg
Iy

. (34)

.ot . . M
! n-1 1 1 Mo+l
Rp=5 (W + W + - Mn(GG—+ + -
R =g (g + Wnp)) + - nlg; + Tneg T
. .
+in_'l_'.l-.+P_n(A -A 1)_?&1(A ~A)
Int1  In n n 1nel n+l n
Eq. 34 13 the typical interior reaction equation.,
n-\ wa
o I \Hn 1
L I M '
IV -“--""—-....:1" f Dp=Anay
n=1 ] —
Ln Vn_1 Pn
n W, n|
[T T T O T T ]
e
Poey — == . | 1
It R LY e By —~An
Vo N
%ul] ne!
lngs

FIG. 8 . - FREE BODY DIAGRAMS OF TWO
CONTINUOUS SPANS OF TOWER SHAFT

For a tower with m spans, the coatinuity and reaction

equations, Egs. 32 and 34 must be modified for the

end spans. For continuity at supportul, Eq.32 becomes

1 1 1
WM, fi— $ (u) + 8y [I—iw (ay) +I—§¢/ (up)]

=1 -1
+mﬂ%W§“w+%ﬁW@

2

1 1 A1 Ao

1,

B-13
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and at support m-1, the term Mm+1 is omitted For the
reaction at the first support, Eq. 34 becomes

v 5 F
1 Mo -1 2 My M
R, =5 (W +Wp) + 7> - My Ly I i

12 L, T, 1y L, 4L

P P
1 2
+“'"""A """"-(A -A) R (36)
L1 TI 2T

and for the reaction at m

-

P
Ry =3 (Fy) +%~%+ 1, “n %) - 6D

If the tower is hinged at the base, My = 0 in the
above equations. I the base is fixed there is no

angle change and

11 \ 11
M, =3§I—1W(ul) + M 163—119’@1)

2

Ay
X (u;) 170 i (38a)

+ W
1 24EI l

or

! -0 h
M1 Y (up) + 40y + M) T, ¢ e

12 A

+11 X(U)+24E11=0_. .......... (38b)

For a tower with m guy levels, Z'm equations-can
be written for a fixed base and 2 mrl equations can
be written for a hinged base. The unknowns in these

R

equations are M l’ caan H 1, and Rl, Rz, seee R.

P k) —
oY L S

The above équations contain values of the tower
deflections.dl) 22 etc., that are also unknown,
thereby increasing the number of~ unknowns to 3 m

for a fixed base and 3 m-1 for a hinged base. If
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use is made of the constants K, Q, B, E, 0, and J,
the A values can be eliminated, thus reducing the
number of unknowns to the same number of available

equations.

From Eqs. 23, 24, and 25,

R, - Q B
A, - 1 1 R §
1 Ky =g Q) +E
1
. (39)
R, - Q B
2~ Ra 2
4, X My =g (Ry = Q) +E,
2 2
etc. etc.

in which Al = the deflection at guy level 1, Az =
the deflection at guy level 2, ete. By means of
Eqs. 39 and the first two of Eqs. 31 the general

continuity equation, Eq. 32 becomes

Moy T, I g (uy) + 84y [']'TI‘V (up) + ¢!/ (upp1)]
1n+1 Bt
+4 7 — Tnil ¢ (uns1) (Mpyy + = (R - Q) + Byl

B
+8 'ilﬁf” (u) i Ry = Qo) + Eq]

2 2
1, 1
Wy T X (un) + Wy Tor X (unyy)

Rp-Q 1 Ro-1-Qn-1
- sl ey G - eREE
n n+1 1 n n=

1 , Rny1~Qnsl
1 ( K )
nt+l ntl

and the general interior reaction equation, Eq. 34,

becomes -
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. S | Y
1 -1 1 i Ua-1y Mo
Rl'l = 2 (wn + wn+1) Mn(ln + 1“‘!‘1)‘ :I- ,_ln &7+ ln+l
1.Bn 1 .Bn41
- Tl RO *+ Enl + 1= Kn+l(Rn+1 Qg+ Bpyql
+[_I_’__ Pn+1][ n-Qn] I’n[““n---l ~Qn-1 _ P11+1..Pn-i-1'Qn-4-1]
1, Kn 1, Kn-1 1n+1l Knt1
cercerearasess (41)
Guy constants 0y, Jq, etc., are used to determine

valies of Py, Py, etc., as will be described hereafter.

In a similar manner, values of A can be eliminated

from the end span equations.

In many cases, the span above the top guy is canti-
levered and, in some instances, this cantilevered span
is loaded with an antenna pull-off with an additional
moment and vertical load applied at the top of the

th guy level,

tower. Assuming a cantilever above the m
a5 indicated in Fig. 9 , and neglecting the effect
on the moments caused by the force T in span 1., the

value of Ac is given by

1 Tﬂlg Wclc Tﬂlc

Er, 3 8

Ay =A_ + 1 - 1.6, ... (42)

in which 84 is the angle change at m and I, is the
moment of inertia of the cantileveigq;span. In the

usual design cases, & 1is small and will therefore

||mummuuunmmﬂllillllllllllllIlllill

rDefleCttd Tower

m
Amey Jam| -Lﬁc
. - z T ¢

A ———
A -—— <

N ST ——
Rm-; IRM ) 7_1F¢)-T!4A’,-’v’“.
- ie

m-i

FIG. 9 . - LOADS ON CANTILEVERED SPAN OF TOWER
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FIG. 10. — FOUR-S5PAN TOWER WITH CANTILEVER

be considered herein to be = 0. A method for including

the actual value of &m is presented subsequently.

For #m = 0, Eq. 42 becomes

Ac=Am+$ Cenreeriaans ceeee (43)

in which

12
- c
24ET,

[1.(8TH + 3W.) + 12TM] ... (44)

The cantilever moment, G, at m is given by

1

G =We 5+ THL, + T+ € (T + 0.50;) ... (45)

in which D is the total weight of the cantilever.

As an example, equations for a 4-span tower with a
hinged base and cantilever with pull-off, as shown in
Fig.10, are as follows:

1, M

Ry = Lot - my A+ D + 22 - 2l@ g yem ]
1 = (W H 1Y) T, T T

1By Py Pa RiQ By Rp-Qy
+ 12[K2(R2-Q2)+E2] + (1—1 + 11)(_1(;‘) - 12(—-3-(2—) .. (46)
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I Loydly, i, 3 L,
Ry = W Ha)m My +10) + T, *; 1y - [ (“2 Qp)+E,]

T - PR

B . P P4 -'R -Q
1 “3 2 3, 2752

P, Ry-Q Pg Ry~Q
_.1.2____;11 _1_3( 13{3 ) e (47)
2 3
1 1 1 M3 g 1
Rq = S(W,HW,) - M G—+ &) +—*-—-—[—-(R -Q )+E |
3 " 2\WaThy 371, 7 I, 1,7 1, 13‘ 3
1 P4 R3-Q3
+ 4[1{ (R -Q4)+1'::4] + ( + 7 G )
Pg Rp-Q2, P4 R4-Q4
- lav --’1—4'( K4 ) --------------- (48)
W MatG B
4 3 1 "4, _
Ry =5 + W, +TH+1 -l[K(R4Q4)+E4]
4 474
P, R;~Q; Ra~Q
4 R4-Qy 3~Q3
+ = - NP Ceeeaenines (49)
1, K, K,
1,

Bt (7 ¥y )+ wcu Ol #4322 ¢(u2)[u zcaz-qznwz

2 2
1y 11
w<u>[ S(Ry-Q 48] 4 By X () 4 W, TX ()

T T R N
= 243{(11 + 12) (—T(';—'—') - 12( Kz Yt .7 (50)

1 TR 13- - B
My oL W)+ I—jl’(u3)]+&f§¢(u3) My R 0E,)

12_;: - 12

N P "152 '
+ 8'f£§”(u2)[K—2(Ré—Q2)+E ]+ w —X( ) + W, 3)c(u )

1, RQ 1 Rl'Ql -1+ R3-Q3
1)(1( _)-l_.( Kl, )-—, 1 ( )}" (51)

=24E{(
L 137 K0 L

B-18



1-6

v andn oo . e

13 13 L
M, f;ﬁ(u3) F 8M4f 'fgW(U:;) + 'f;y(ua)]

1, By

+ 4 I—4¢(u4) [-G + a (R,-Q,) + E,]
13 B3

+ 8 'I—SW(ua)[ X, (R3-Q4) + Ec]

12 12
WX () W, 1—4’““4)

N 1,1, R3Q3 31 RoQp 1 R4Qy
= 24E{(—1—3-+-1-£:) (—!-{3—-) - E;(—K_z—) - '1';(—1{-4——)} .. (52)

The P values in the above equations are determined
as follows: Let Dy = dead lcad of span 1, DZ = dead
load of span 2, ‘etc. Because 24 =01A1 +Jq, 2, =
Ox4; + Jy, etc. Then By = T + Do + 2, + 5D, Py =
P4 + Zg +.5(D3 + D), Py = Py + Z, +.5(Dy + D3) and
Py = By + 2 +.5(D; + D,).

In Eqs. 46-52, the unknowns are Rys Ry, Ry, Ry, My,
My, and M. The values of the unknowns are found
by a solution of the seven simultaneous equations.
Having determined the reactions, the deflections
and remaining moments can be computed by means of

Eqs. 23, 24, and 25.

Notation

The following symbols have been adopted for use in
this paper:

a=
aj = projection of guy normal to resultant of guy
loads;
ag .=.horizontal projection of guy chord with tower

motion;

B-19
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3g18ys- -

bo,bl,a .

coefficients in polynomial expression for drag
coefficient;

a coﬁstant for. guys at guy.level n;

coefficients in polynomial expression for 1lift
coefficient;

chord length of guy;

coefficient for drag force on guy;
coefficient for lift force on guy;

dead load of cantilever span of tower shaft;
dead load of span n of tower shaft;

weight of insulator strings at guy level n;
diameter of guy;

total drag force on guy;

modulus of elasticity of tower shaft;
modulus of elasticity of guy;

a constant for guys at guy level nj;

moment arm for vertical component of guy force
about centroid of tower shaft;

horizontal component cof tension in guy for guy
in normal position;

component of tension in guy péga}lel to aj;

height of guy-above anchorage at normal tempera-
ture,, also panel height of web members .of tri-
angular tower; F e s

¥ "3

height of guy above anchorage at tempefature t;
projection of guy parallel to We;: .- =i -

moment of imertia of cantilever span of tower
shaft; ’

L S

moment of inertia of span n of tower shaft;

- = oS ‘,—-

= e - .
- —«' s R o _\A_.v;r

a constant for guys at guy 1eve1 n,*

a constant for guys at guy level n,

stretched length~of guy,in;uormalipqsitioﬁ;

el = o



= stretched length of guy under wind load at

temperature L;
no stress length of guy in normal position;

no stress length of guy in normal position at
temperature t;

no stress length of guy under wind load at
temperature t;

vertical component of lift on guy;
total 1ift on guy;

horizontal component of 1ift on guy;
length of span n of tower shaft;

horizontal guy force at anchorage in guy di-
rection under wind loading;

internal resisting moment in tower shaft immedi~
ately above guy level nj;

internal reslsting moment in tower shaft immedi-
ately below guy level nj

top guy level of tower;

horizontal guy force at anchorage normal to M
under wind loading;

guy level number;

a constant for guys at guy level nj

total vertical load on tower shaft at guy level
n;

a constant for guys at guy level n;

shear in triangular tower in direction 1;
shear in triangular tower in direction 2;
guy reaction at guy level n;

component of guy force at tower normal to wind
direction;

width of face of triamgular tower;
vertical component of pull-off load at tower top;

erection tension in guy at tower at normal tem-
perature;
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erection tension in guy at anchorage' at normal
temperature; -

guy tension -at tower under ?ind~1oading;
guy tension at anchorage undér_wind loading;

LI

horizontal component of pull—ﬁff load at tower
top;

moment at tower top caused by pull-off load;
temperature;

normal temperature

shear immediately above guy level nj

shear immediately below guy level n;

vertical component of guy tension at tower, guy
in normal position;

component of guy tension at tower parallel to
Wc
Tr?

component of guy tension at anchorage parallel
to W,;

wind velocity;
velocity pressure of wind;

total weight of guy;
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(PROGRAM T-01)

DECCA 110 METERS TOWER

#u# TOWER DATA  (l) ###

SPAN BASE H. LENGTH

G-B 300-00
1 2700.00
P 2700.00
3 2700.00
4 2600 .00
b 0.00

10WER PROGRAM T3K=S

HE1GHT

3000.00
5700.00
8400.00
11000.00
11000.00

MODULUS UF ELASTICITY OF

TEMPERATURE

SECT. AREA WEIGHT DRAG AREA
77600, 46,58 4,05 46.460
77600, 46.56 4.05 46.460
717600, 46,564 4.05 46.4610
77600, 46,56 3.90 46,460
100. 1.00 0,00 0.000
TOWER SHAFT = 2000,
30.0 NORMAL TEMP.= 30.0

PAGE

C

2

CASE-1
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‘(PROGRAM T=01) TOWER "PROGRAM T3K=S PAGE 3 CASE~1

DECCA 110 METERS TOWER

#u#t LOCATION DATA s

GLaY ANGIE vERT. HORIZ, esesss. REFERENCE 4.u.e.
LEVEL SET TRUE BEG., HT A HANC Al LEVER ARM
i 1 60,000 2950.0 ., 695Y9.0 50:0 7000,0 41.0
1 2 180.000 2950.0 6959.0 50.0 7000.0 41,0
1 3 300.000 2950.0 6959.0 50.0 7000,0 41,0
2 1 60,000 5620.0 6959.0 50.0 7000,0 41,0
2 2 130,000 5620.0 6959.0 50.0 7000.,0 41.0
2 3 300.000 5620.0 6959.0 50.0 7000,0 41.0
3 1 60.000 B350.0 6959.0 50.0 7000,0 41.0
3 2 150,000 8320.0 6959.0 50.0 7000,0 41.0
3 3 300.000 8350.0 6959.0 5¢.0 1000.0 41.0
4 1 0,000 10970.0 1192v.0 30.0 12000,0 71,0
4 2 22.500 10970.0 1192%.0 30.0 12000.,0 71.0
4 3 45.000 10470.0 11924.0n 30.0 12000.,0 71.0
4 4 67.500 10970.0 11929.0 30.0 12000,0 71.0
4 5 30,000 10970.0 11929.0 30.0 12000,0 71.0
4 b 112.500 10970.0 11929.0 30.0 12000.0 71.0
4 1 135.000 10970.0 11929.0 30.0 12000.0 71.0
4 8 157.500 10970.0 11929.0 30.0 12060,0 71.0
4 9 150, 0u0 1091¢.0 1192Y.0 30.0 12000,0 71.0
4 10 202.500 10970.0 11929.0 30-0 12000.0 71.0
4 1i 225.000 10970.9 11923.0 30.:0 12000,0 71.0
4 12 247,500 10970.0 11929.0 30.0 12000,0 71.0
4 15 270.000 10470.0 11929.0 30.0 12000,0 71.0
4 14 292.500 10970.0 11929.0 30.0 12000.0 71.0
4 i5 315.000 10970.90 11929.90 30.0 12000.0 71.0
4 16 337.500 10970.0 11929.0p 30.0 12000,0 71.0
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(PROGRAM T=01)

DECCA 110 METERS TOWER

#% GUY DIMENSTON 343

LEVEL

PR PR EREEPRPRELEELR WO ORI

-

P

SF 1

Pl ST e
T PURNEROL T~ U PN LORNERL RN~ W N

TENSTON

5.06
5.06
5.06
4.03
4.03
4.93
4439
4439
4.39
.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0040
0N.40
O.40
0.40
.40
n.4a0

WIRE wl1GH]

No ICE

0.1163E~-0U3
Us1163E-07
U.1163E-03
0.1018F-03
0.1018E-03
0.101dE-Q3
O.8810E~04
Us8810E-04
0.8310E-04
U+9650E=-05
0.94u5QE-05
0.9650E-05
0.9650E-05
0.9650E-05
0.9650E-U5
0.9620E-05
U+9620E-U5
U . beOE"Uﬁ
V.9650E~-05
0.9650E-u5
0.9650E-05
0 . 9(‘)306"05

TOWER PRUGRAM T3K-S§

(T/CM)
wliTH ICE

0.11v3FE=03
0.,1163c-03
0.1163E=-03
0.,1018€E-03
0.1018€E-03
0.1018£-05
0.8810E-04
U.88L0E-04
0.3810E-0}4
0.9650E~05
0.9650F-Ub
0.9650NFE=~05
0.9650E-V5
0.9650E-05
0-9050E"05
0.9650F-U5
0.9650t~05
0.9020E~u1d
0.9650E-05
0.9650E=0U5
0.9650FE-05
C.9650F~05
0.9650E~-05
0.9650FE-05

DIAM,

2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
2.20
1.2¢0
1.26
1,26
1.26
l.?é
1.26
1.26
ll2b
l'?b
1.26
1.26
1.26
1026
1.26
1.20
1.26

SECT.

AREA

2.90
?2.90
2.90
2.%0
2.90
2.90
2.90
2.90
?2.90
0.97
0.97
n.97
0.97
0497
0.97
0.97
0.97
n,a7
0.37
0097
0.917
0.97
0.97
n.917
0.97

E

1600.00
1600.00
1600.00
1600.00
1600.00
1600.00
1600-00
1600.00
1600.00
1400.00
16400.00
1600.00
16500.00
1600.00
1600.00
1600.00
160V0.00
1400.00
1600.00
1A0V.00
1600.00
160V.00
160U.00
160U, 00
1600.00

NQO .

OO COCOLOOC OO LDODOCOC O

PAGE 4

BREAK~-UP
LENGTH

0.00
0.00
UOOO
0.00
0.00
0.00
0.00
0.00
0.00
G.00
0.00
0.00
0’00
0000
U.0U
0.00
0.00
U.Q0
J,00
U.gu
u.00
0.00
U.qQU
OOOU
0-00

CASE-1

INSULATOR

wE IGHT

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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(PROGRAM T-01)
DECCA 110 METERS TOWER
ik WIND DATA #ien

BASIC wlinD

VELOCITY

STANGARD HEIGHT

ESCALATIGN CUTQFF HEIGHT

ESCALATIUN

EXPONENT:

wIND [NJECTION ANGLE

MODIFICATION COEFFICIEN]

TOWER DATA
SPAN

vl

#as | OCAL LOAD (A

LEVEL VERT,
1 1.500
2 1.510
3 1.510
4 0.670

(2)
Mob. |

0.,7760E+05
0.7760E+05
0.7/60E+05
0.7760FE+05
0,1U00E+03

QUY LEVFEL) ##3#

LOCAL LOAD +esvves

wINDWARD

0.250
C.300
0.330
0.30u

TOWER PRUGRAM T3K=S

= 35-0 M/S
= 1500. CM
= 11000. M

OF TOWER

MOD. CD

1,820
1,020
1,820
1,820
1.0060

ra# PULL OFF LOAD (AT TOwER TuP) #s#s

TH = Q.

ERROR FUNCTION SWKT(-X) KRESULT=SURT(ABS(X))

ERROR FUNCTION SWRT{(=aA) HRESULT=SWRT(ARS(X))

00 T4 =

0.143000

INPUT DATA BY CHANGE OF wIND ANGLE

WIND LOAD

10863
2.362
2.718
2.069
0.000

NORMAL  #INDWARD
0.00n 0.000
0.000 0.000
0.000 0.000
0.000 0.000

0000 TN =
PN=000032

PIN-

.l.th. MOMI 4 ¢ 8

NORMAL

0.000
0.000
OUDUO
0.0u0

0.00

1R0.000 DEG (TRUE BEAR[ING)

TH1

IC-04CF SF602

000032 [C-64CF SELO2

0.00

TM1

PAGE

5

CD LN I A ]

0.00

CASE~-1

1.000
1.000
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(PROGRAM T-01)

DECCA 110 METEKRS TOWER

#%3% GUY LENGTH #ax

LEVEL

PRSPPSO PSPIT2LDVWIBNNYNE 2

GUY GUY ANGLE WITH WIND

SET

b
UCRPFEFCOCST ~NOUT PN LR WA B -

—
[s BN o

(TRu2

60.000
180,000
300.000

60.000
180.000
300.000

60,000
150.000
300,000

0.0u0

22,500

45,000

67.5u0

90.0U0
112.5u0
135,000
157.500
180,000
202.5060
225.0U0
247.500
270.00G0
292.500
315.0u0
337.500

(cCw)

300.000
180.000
60000
300.000
180.000
60+ N0V
300.000
180.000
60+ 000
0.000
337.500
315.000
292500
270000
2474500
225.000
202.500
180009
151.500
135,000
112.50¢
90.00C
67+500
554000
22.500

TENS JUN

5.060
5.060
5.060
4,029
4,029
4,029
4,393
4,391
4,391
0.398
0.398
0.398
0.398
0.398
0.398
0.398
0.3%8
0.398
C.398
0.398
0.398
0.398
0.398
0.2938
0.398

‘:r

. TOWER PRUGRAM-T3K-5

GUY LENGTH
UNSTRESSED

7557.5

7257.5

7557.5

8965,6

8965,6

8965.¢6
10866.,1
10865.1
10866.1
16246.6
16246.6
16246.6
16246.6
16246.6
16246.,6
16246,6
16246.0
16246,6
16246.6
16246.6
16244,.6
16246.6
16246&.6
16246.6
16246.6

CATENARY

7566.0

7566,0

7566,0

8973.9

8973.9

8973,9
10877,2
10877,2
10877.2
16251.3
16251,3
16251,3
16251,3
16251.,3
16251.,3
14251,3
16251,3
16251,3
16251,3
15251,3
16251.3
16251.3
16251.3
16251,3
16251,3

PAGE

6

CASE=-1

GUY TOTALL WIND VEL.

WE J GHT

0.879
0.879
0.879
0.913
0.913
0,913
0.957
0,957
0.957
0.157
0.157
0157
0157
0.157
0.157
0157
0157
0.157
0157
0.157
0.157
0157
0157
0.157
0,157

OM GUY

35.8
35.8
35.8
37.9
37.9
37.9
39,7
39.7
39.7
40.7
40.7
40.7
40.7
4G.7
40.7
40.7
40.7
40.7
40.7
40.7
0.7
40.7
40.7
40.7
40.7
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(PROGRAM- T=01)

DECCA 110 METCRS TUWER

wu# GUYS FURCE LI5GT ###

ILEVEL

e e I N S Y R RE N NN Ul Xy i

GUY

e e e el
PN P WDV JOVN RN WD R W~

TENSION ~

4.66
T.53
4.656
3.12
T.68
.72
3.85
9.51
3.85
0.06
0.29
0.517
0.406
1.07
1.18
1.20
1.17
1.16
lcl?
1.20
1.18
1.07
0.80
0.57
0.2v

TOWER PR

UPLIFT

1032
2.41
1,32
1,72
4.16
1,72
2,22
6,48
2,22
~0,03
0.12
0.130
0.48
V.60
0.66
U.66
0,64
0,63
0,64
U.66
0.686
0.60
U.48
0,30
0,12

OGRAM T3K=S

AT ANCHORAGE
M

4,11
6.717
4.11
2.63
5.77
2.63
2.14
5.93
2.13
-0’04
0.13
0.34
0.56
0.74
0,85
0.68
0'87
0.85
0.87
0,88
0.85
0.74
0.56
0.34
0.13

0.06
-0.00
-}. U6

0.09
-0.00
-0.U9

0.12

n.u0
~0.12
=0.00

0.04

0.08

0.11

0.13

0.11

0.08

0.04

0.00
-0.04
-OnUB
-0.11
-0013
-0.11
-OOUB
~0.04

WIND

-2,11
6,76
-2.11
-1.41
5,71
=1.40C
-1,22
5,80
-1,22
-0.05
-0.21
=0, 3%
-0,33
-0,12
0.21
0,52
0.71
0.77
0.71
0.52
n.21
-0,14
-0,33
-0, 34
-0.21

AT TOWER
NORMAL

3.54
0.00
~3.54
2.28
0.00
~2.28
1'90
0.00
~1,90
0.00
0.05
0.24
0.52
0‘74
0.79
0.62
0.33
0-00
~0.33
~0.62
-0.79
~0. 74
~0.52
-0.264
-0.05

PAGE

VERT,

2.17
3.32
2.17
2,59
5.13
2.59
3.12
7.54
3.12
U.04
.20
0.39
0.59
0.76
0.806
0.89
0.87
u,87
0.87
0.89
0,86
.76
0.59
0,39
0.20

T CASE-1

AT ANCHORAGE
INITIAL TENSION

5,06
5.06
5.06
4.093
4,03
4,03
4.39
4.39
’|-39
040
0.40
0.40
0.40
0,40
0.40
Q.40
0.40
0.40
0.40
0.40
Q.40
(.40
G.40
0.40
0.40
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(PROGRAM T=01)  * - TOWER PHOGRAM -T3K-§ PAGE 8 CASE-1
DECCA 110 METERS TOWER
### TOWER OUTPUT LIST waw
WIND DIRECTION

REACTION MOMENT VERT I CAL
SLOPE INTERCEPT SLOPE INTERCEPT SLOPE INTERCEPT
LEV PHI K o) B E 0 J
1 1.47697 0.3922 -0,4361 6:.7754 -4, 4708 0.0792 T.0648
2 1.34221 U.2344 ~0.6541 107377 -12.8216 0.1202 B.4942
3 1.20745 U.1616 -0,3242 1.8612 2.8597 0.1152 11.1564
4 1.06821 0.03b8 0.4014 2.4731 138.1644 0.0307 9.1029
LEVEL DEFLECTION REACTION MOMENT MOM .« PR [ME P
1 7.6 2.55% -289.02 -241,99 60.99
P 1.5-0 2!87 "249-.50 -145.78 47:78
3 227 3.34 ~316.83 =135.82 31.90
4 30.1 1.57 0.00 212,49 12.65
MOMENT AT BASE = 0.00 SHEAR AT BASE = 0,67 TOTAL CANTILEVER DEFLECTION = 30.055
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(PROGRAM 1=01)

DECCA 110 METERS TUWER

LEv PHI1-
1 1.47697
2 1.34221
3 1.20745
4 1.06821

MOMENT AT BASE

TOWER PROGRAM T3K~S PAGE 9 CAS€E-1
NORMAL DIRECTION
REACTIOHN MOMENT VERTICAL

SLOPE INTERCEPT SLOPE INTERCEPT SLOPE INTERCEPT
K Q B E 0 J
0.2133 ~-U,0002 3.6695 -0.0033 0.0046 T.6640
0.0900 ~-0,00U5 2.942¢6 =0.0160 G.0056 10.3144
L,0692 0.0003 3.3327 0.0171 0.0084 13.7721
L.03%0 -0,0001 2.4966 -0.0087 0.0019 10.0251

LEVFL DFFLECTION REACTION MOMENT MM« PR | ME =
1 OOU 0000 "0-06 -0105 b0-99
2 O.u -0.00 0.25 0,24 47.78
3 -0 ef) D.00 -0.29 =0,28 31,90
4 0'0 -0.00 0000 -0|Ul 12-65

= 0.00 SHEAR AT BASE = -0.00 TOTAL CANTILEVER DEFLECTION = 0.001
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Appendix C

Limitation of Decca service area due to noise

Oripin and nature of noise

Most of the atmospherlic nolse in the world originates in thnder-
storms. At a given receiving location the atmospheric noise is
made up of noise from nearby centres of noise, such as local
thunderstorms whose distance from the receiving location may
vary from a few mlles to hundreds of miles, plus noise which
has been propagated from one or more of the principal centres
of noise generation, such as the active thunderstorm areas in
equatorial Africa, Central America and the East Indies. The
location and activity of the various centres vary with time

of day and season. The determination of atmospheric noise at

a gliven receiving location is thus a serles of radio propa-
gation problems, in which the noise originating in each centre
of storm activity produces a definite field intensity at the

recelving locations.

Interpretations of coverage diagrams

based on noise limitations

Too rigid an interpretation should not be made of diagrams
intended to show coverage due to noise limitations, owing to
the wide range over which the noise level may vary from day
to day and hour teo hour. Such diagrams must be regarded as
presenting an overall picture of the general experience of
the System over a period. For this reason the useable range
will be cdnsiderably greatexy than that indicated during quiet
periods and for certain projects, when advantage can be taken
of such quiet periods to fly in areas normally beyond the
limiting range, the effective cover of a system may be consi-
derably enlarged. On the other hand, in tropical regions

the noise intensity over a small area may on occasions be so
great thatsignals will be blotted out temporarily at points

well within the nominal cover.



Determination of effective range

of a Decca transmitter under glven conditions

o R T R -/ PP~ au w gt

The factors controlling the effective range of a Decca

transmitter are:-

{1} The mean noise level. ,

- (41y Tﬁe.%ercentage'éerﬁicéébility required and
the amount by which the méan noise leével may
be exceeded during this percentage ‘of the

total time.
(111) The power radiated by the transmitter.

{(iv) The conductivity of the soil over which the
transmission path lies.

(v) The type of Decca receiver to be used.

A method has been evolved of denoting the- value of each
factor by a number so that the effective range of a trans-

mitter can be quickly obtained from the sum of the numbers.

The procedure is as follows--

(a) PFrom CCIR Figures find the noise zone
corresponding to the location of the Decca Chain.
For 24 hours main chains use figures for periods
2000 - 2400 ‘and 0000 - 0400.

"

{b) From-Table I determine the noise level factor for

the location and conditionsrrequired,,

- - PN

(c) From Table IT find the serviceability factor.

(d) From Table ITI find the transmitter power factor.

- - w3 -
a4 P - . T

(e} TFrom Table IV find the requirement.factor.

Add all these together. to_obtain -the Performance Factor and
against the -line with:this total value in;the left hand
column of Table VI read (in the column-headed.with, the; appro-
priate soil conductivity letter) the effective range. Soil
conductivities for various types of terrain are given in

Table V.

c-2



It is.the. practice to use 85 ke/s as appropriate to the problem

for planning purposes.

Example
What is the effective range of transmitter radiating 200 watts
on 85 ke/s by daylight in Maracca Strait to give
98% serviceability of integration of a Mark 10 receiver over

5% 10714 e.m.u.

From C.C.I.R Néise Flgures derive mean noise zone as 80.

Table I Noise factor for day working = 26
Table II Serviceabllity factor for 98% service = 11
Table IIT mit er for 200 watts = 7
¢ {seectastevRty
Table IV Requirement factor for Mark 10 integration
(Automatic Lane Setting) = g

Performance factor = Total of above 53

From Table V it will be seen that the soll conductivity is
Group C and looking in column C under 85 kc/s against entry
53 in the performance factor column in Table VI we find a
range of 400 kms.

For survey work in choosing the "Requirement factor" it is

of interest to note that {for given noise conditions) if the
Decca field strength is gradually raised until there is just
sufficient torque to operate the decometer, a further increase
in level of 6 db will limit the decometer needle kicks to about
0.02 lane, the extent of the kicks being halved each time the
field strength is doubled.

If a 95% serviceability level is adopted (requirement factor
as given) torque will be maintained for 99.9%7 of the time and
kicks of less than 0.01 lanes will be experienced at 75% of
the time.



as 5n"L1mitationLof rahgezby*skywave at night&(Markflo)

B
‘u!- - B -‘r: ,’-
N O 'l

The effective range at night may be limited by cancellation or
weakening of the groundwave signals reflected from the ionos-

phere.

For this'reason ‘the limit of night range is almost' independent
of the radiated power and-depends only on the ground conduct-

ivity., The night skywave range limits areapproximately as

follows:-
Conductivity Group Limiting Ranpe {(kms)
A 540
B 480
c 430
D 370
E 300

The effective range at night should be taken as the skywave
limit or noise limlit whichever is the lower.

5 Graph of typical conditions

Graph for the rapid solution of typical requirements is appended.
Drawing Number F.281 For 24 hour operation.

Note that in drawing F.281 during. daylight periods, the coverage
will be very considerably greater, as.can.be seen by full
computation.



Note:

Table' I

30% level of atmospheric noise in db

above 1 uv/metre for ¥ 30 c.p.s. bandwidth

Period 0800 - 1200 and 1200 - 1600 All Seasons
Period 0400 - 0800 and 1600 - 2000 Spring and Summer

C.C.I.R Re/s
Nolse Zone 85 127.5
90 37 33
80 31 27
70 25 21
60 20 15
50 14 8
40 8 2
30 3 -4
20 -2 -9
10 -6 - 15
0 - 10 - 20

Period 0000 - 0400 and 2000 - 2400 All Seasons
Period 0400 - 0800 and 1600 - 2000 Autumn and Winter#*

c.C.I.R Ke/s
Noise Zone
85 127.5
100 40 37
90 31 28
80 23 20
70 16 12
60 9 3
50 2 -5
40 - 4 - 12
30 - 10 - 20
20 - 15 - 29

*See note under Section 6-3 (a)

For Mark 10 operation having 10 c.p.s. bandwidth lower the figures
above by 5 db i.e. for 40 read 35

€-5



Table IT

2. -Serviceability factor. .-

'
the wa s 2t
.

—y

o

(Difference inllevel bétﬁéea‘é%eragé;é&piitudéldf noise

and‘ampiiﬁﬁde‘not‘exceedgd for gqun“péféeptége of time)
A - R R
RequireQ'Segvi;eaBility éervipeéﬁiliéy:%acéor
as Percentage of - :v -
Operating Time: 85 Ke/s- 1%7:K§/§_
50% 0 0
75% 4 ‘
902 7 10
95% gl/2 12
98% 11 15
99% 121/2 17
Tgble ITI
Transmittor power factor
(db below 1 kw radiated power)
Radiatéd Power | Power 'R;diatethéwgr" " Power
(watts) Factor (watts) wFac.t?r
1 30 40 14
1.5 : 28 50 13
2 27 60 12
2.5 26 80 11
3 25 100 "0
4 24 150 8
5 23 200 7
6 22 250 6
8 21 300 s
10 ) 20 400 b
15 ) 16 500 3
Y R N 4 Te00 | T2
25 16 B S IR
+30° amaniczfs 215 - " #:.1500077 L 3.0 -




Table IV

Requirement factor

REMARKS
Mark 10 Receiver Cf 10 c.p.s. bandwidth with
locked oscillators)
Integration 0
Automatic Lane Setting 9
8.2f triggering 9
Table V
Table of soil conductivity
Nature of Terrain Column to be Assumed

used in Table V1

Conductivity(e.m.u,)

Sea Water
Good Soil
Poor Soil

Sandy dry flat country and
rocky soill, fresh water

Desert and Mountainous

A

5x 10-11
10~13
4

5x 107%

2 x 1044

10-14




Table VI

Performance factor

(Fleld strength of groundwave in
db above 1 pv/metre for trans-
mitter radiating 1 kw) -

85Ke/s 127 Kc/s

* A B [ C D EN A | B C D E
80 32 32 | 324 s2[ 32 321 32| 321 32| 32
78 371 37| 37| 37 3| 371 37| 371 37| 35
76 45 45 | 43 | 42 | 40 || 45 )] 45 | 42 | a0 | 39
74 58| 56 | 56 | 52| 48|l 58] 56 | 531 50| 46
72 72 71| 71} 64 58| 72 71 1 66 | 60 | 55
70 90| 90 | 88 | 80| 72|l 901 90! 83| 75| 67
69 103 | 101 | 98 | 90| 80 || 102 1001 90 | 8o | 72
68 116 | 114 | 109 | 100 | 88 {1 115 | 113 {100 | 90 | 78
67 130 | 128 | 122 | 111 {100 || 128 | 126 | 110 | 100 | 85
66 140 | 137 | 131 | 125 120 |l 137 { 134 | 120 | 120 | 95
65 155 | 152 | 145 | 137 |230 || 151 { 148 | 135 | 120 | 105
64 180 | 176 | 168 | 154 1140 [ 176 | 172 | 155 | 135 | 115
63 190 | 184 | 175 | 162 |150 || 185 | 179 | 165 | 145 | 125
62 205 | 200 | 190 | 177 |165 {| 200 | 195 | 180 | 155 | 130
61 230 | 225 | 215 | 195 (175 || 225 | 220 | 200 | 170 | 140
60 250 | 245 | 235 | 215 {190 || 245 | 235 | 215 | 185 | 155
59 270 | 264 | 249 | 226 [204 || 265 | 250 | 225 | 195 | 165
58 290 | 284 | 269 | 244 |219 || 285 | 270 | 240 | 210 | 175
57 320 | 313 | 293 | 263 |233 | 310 | 295 | 260 | 225 | 185
56 350 | 343 | 323 | 290 |258 || 340 | 325 | 285 | 240 | 195
55 380 | 373 | 343 | 308 {273 || 365 | 345 | 300 | 255 | 205
54 410 | 403 | 373 | 335 |298 {| 385 | 370 | 320 |.270 | 220
53 430 | 423 | 383 | 343|303 || 415 | 400 | 345 | 285 | 230
52 460 | 452 | 412 | 370 (327 || 445 | 425 | 365 | 302 | 240
51 500 | 492 | 442 | 397 |352 || 470 | 450" | 390 | 320 | 250
50 540 | 532 | 480 | 430 |380 )| 500 | 480 | 420 | 340 | 265
49 570 | 562 | 507 | 452 1397 || 525 | 500 | 440 | 355 | 275
48 600 | 592 | 537 | 477 |417 || 555 | 530 | 465 | 375 | 285
47 640 | 632 | 572 | 507 {442 {1 590 | 560 | 490 | 395 | 300
46 675 | 666 | 606 | 536 | 466 || 625 | 590 | 515 | 415 | 315
45 710 | 701 | 636 | 561 486 || 655 | 625 | 540 | 435 | 330
44 750 | 740 | 675 | 595 {515 || 690 | 660 | 565 | 455 | 345
43 790 | 780 | 710 | 625 |540 || 725 | 690 | 590 | 475 | 360
42 825 | 825 | 755 | 665 {575 || 760 | 725 | 620 | 498 | 375
41 865 | 855 | 775 | 680 [585 |} 795 | 755 | 650 | 520 | 390
40 900 | 890 | 810 | 710 610 | 825 | 785 | 680 | 545 | 410

* Performance Factor A 5 x 1(31_11 e.m.u.

-13

B IOH e.m.u.

c 5 x 10_ e.m.u.

D 2 x 10 e.m. u.

E 10—14 e.m.\u.

All ranges in Kilometres




Table VII

Table for estimating radiated power in

watts of a Decca station with an input

power of 1,2 kilowatts.

Frequency 85 Ke/s

Poor Earth

Double Tuned

Single Tuned | Double Tuned

Type and Physical Good Earth
Height of Aerial
(in feet) Single Tuned

Umbrella 70 4

100 7

150 30

168 36

200 60

300 175

500 525

650 750

3

6
24
30
48
150
480
700

2

3
13
18
28
85
320
525

2

3
12
15
24
78
300
500

Notes:

(1) To obtain radiated power for other input powers multiply

the figures shown by the ratic of required input power to

1.2 K/Watts. e.g. If input is 600 watts halve the figures

shown.

{2) To obtain radiated powers for the other main Decca chain

frequencies multiply the figures derived from the Table

by the following factors:

Purple 0.7

(3) All Mark 10 Chains are 1.2 kilowatt input power at this time

Red 1.7

Green 2.2

and radiated about 707 of the power shown in the "Double

Tuned" column.
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Appendix D Present and- Future Maritime Traffic on
Malacca/Singapore Straits

Analysis of Existing Maritime Traffic

The maritime traffic in the peripheral water area around Indonesia,
Singapore and Malaysia (called "the Countries" hereinafter) can be
stratified into two groups. One is the traffic with origin and/or
destination in the Countries (the generated traffic including
attracted traffic), and the other is the traffic passing through

the seas concerned (the passing through traffic).
The Generated Traffic

The volume of generated traffic can be estimated by the following
method of:

a) preparation of the inter-regional O-D matrices of seaborne

cargo tonnage in the years of 1972 and 1973
b) traffic assignment of typical sea routes

¢) classification of seaborne cargoes by petroleum/petroleum

products and general cargoes

d) estimation of the conversion rates from cargo tonnage to
vessel traffic based onthe data from Belawan Port Master

Plan to derive the total volume of generated traffic.

The 0-D matrix of seaborne cargo tomnage in 1973 gives the overall

cargo movement in the water areas concerned. (See the attached
0-D matrix) From this, the general trading pattern is analysed,

and is shown below:



' General Trading Pattern of:the Regiont:ir v+

(x 1000 ton)

. as of 1973:
Items Foreign Trade | * Domestic Trade Total
Petroleum & petroleum 76,620 15,430 . 92,050
products
General cargo 6,830 8,790. 15,620
Total 83,430 24,220 107,670

* Including trade between Indonesia and Singapore, West Malaysia.

The domestic cargo flow was also roughly assigned to sea routes.

In consequence the cargo flow for 1973 on each of the Straits

was estimated as follows:

Estimated Domestic Cargo Flow for 1973

Malacca/Singapore Straits 6.50 million ton/year

Lombok/Makassar Straits 2.50 miilion ton/year

D-2
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The international seaborne cargo in 1973 (except for Singapore

;ﬁ&;ﬁé}gfgia) wag 83.45 million ton/year. The exports accounted

for 90.6% or 75.61 million ton/year of a total foreign trade and

the imports 9.4% or 7.84 million ton/year.

The orientation and distribution are roughly given below.

East Asia
Philippines
Others

74.6%

4.1%

21.3%

As a result of the traffic assignment to the sea routes the cargo

movements for foreipgn trade on Malacca/Singapore Straits in 1973

was estimated 60 million ton/year.

By using the statisties of the seaborne cargo flow of Indonesia,

1973, a total cargo flow on the Straits can be itemized by type

of trade and cargo.

Estimated Total Cargo Flows for 1973

(Unit Mil. ton)

Malacca/Singapore Straits D;?i:;ic F;zzizn (Mi{g::i ton)
General Cargo 1.10 5.60 6.70
petroleun & Petroleun 5.40 | 54.40 59.80
Total 6.50 60.00 66.50
Other area 17.72 23.45 41.17
Grand Total. 24,22 83.45 107.67

Although vessels carrying the above cargo vary in

size and type,

an average size and a loading factor were derived from the actual

data observed for the Belawan Port.

D-5

This is summarized as follows:



PO PR . ? P oLl fsT,

3 Average vessel size, - ) Average loadieg
Items (dead weight tonnage) factor ‘(percenta-

- N ge,of capacity)

General Tankers 27,000 35%

General Cargo

Vessels 4,500 30%

Therefore, total generated traffic (with origin and/or destination
in the Countries) in 1973 on the Straits is estimated as shown in
the Table 1-1.

Table 1-1: Total Generated Traffic in 1973 on the Straits

Unit: Vessels/year

Items Malacca/Singapore Straits Remarks
General Tankers 6,330 {6,580)
General Cargo Vessels 4,960 (5,260)

Total 11,290 (11,840)

Note: Figures in parentheses show the estimated generated
traffic in 1974,

The Passing Through Traffic

For the analysis of passing through traffic,-the following- approach

was adopted.

The through traffic on the Malacca/51ngapore Starits is obtalned

by deduciton of the generated traffic derived in .the prev1ous§

4

_section from a_total'traffit-yolume observed by the  POrt“of’

Singapore Authoriry. N . P L

v e O L T T L A

—Passing Through Traffic on Malacca/Singepore;Straitgfar
According to the data collected by the Port of Singapore Authority,

the marltlme trafflc observed during each 28-day traffic survey

in 1969, 1973‘and 1974 is as follwos:
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1)

2)

3

Table 1-2 Maritime Traffic Observed by PSA

(Vessels/28 days)

Year 1969 1973 1974
Oct. Feb./Mar. Oct.
Total traffic 3,623 4,019 3,940
By type of 1969 1973 1974
Vessel Oct, Feb. /Mar. Oct.
{%) (%) %)
Tankers & Bulk : ' :
Carriers 1,231 :(34.0) 1,115 2(27.7) 1,249 '(31.7)
] T [}
Cargo Ships 1,961 :(54.1) 2,595 :(64.6) 2,170 ;(55.0)
t t :
Passenger Ships 27 :( 0.7) 38 :( 1.0) 52, (C1.4)
] 1 1
| |
Others 404 1 (11.2) | 271 1(6.7) | 469 (11.9)
] 1 1
By class of 1969 1973 1974
Gross Tonnage Oct. Feb./Mar. Oct.
(%) (%) | (%)
‘ L]
Above 30,000 ton 162 1 ( 4.5) 276 1( 6.9) 540+ (13.7)
| )
1 T ]
5,000~30,000 ton| 2,344 :(67.7) 1,857 1 (4.62) {1,377 (33.9)
! t
| i ;
75~5,000 ton 940 1 (25.0) | 1,882 1{4.68) 2,019, (51.3)
i 1 !
| ! 1
Below 75 tom 177 1 ( 4.9) 41(0.1) 4 ;( 0.1)
] |
More than 180,000 ton more than

Class Vessels in the

above are:

46 (1.1)

150,000 ton
Class Vessels
in the above
are:

39 (1.0

The same statistical data also indicates that tanker traffic

accounts for 22.2% of the total maritime traffic in 1974.
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Combining the: data presented S0 far,“the total annual vessel
traffic, the- generated traffic and the passing through traffic
are estimated as following Table 1-3 )

Table- 1-3 Estimated Distribution of Total Traffic on
Malacca/Singapore Straits in 1974

"“(Gééééiéiyéar)
. Generated Passing. throughl
Items Total traffic craffic traffic
Large tankers 508 0 503
General tankers 10,894 6,751 4,134

General Cargo

Vessels and Others 33,958 5,475 34’483

Total 51,360 12,226 39,134
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Forecast of Future Maritime Traffic on"the Straits

N
1

A frame of refe%énce for the prediction of thé_ﬁuture maritime

s 4
p e

traffic compris?s the following items.

1
P

-Malacca/Singapore Straits-

(a) to built a correlated model equiation to estimaﬁé total
seaborne cargo v;lume (a total of general carge and petro-
leum/petroleum products) loaded and/or unloaded ‘in Indonesia,
Singapore and Malaysia in relation with Gross Domestic Product

(GDP) of the respective countries.

(b) to estimate the future movements of petroleum/petroluem
products by extrapolation using a trend model.
for indonesia, the esitmated growth rate derived from the
above model can be compared with the projected growth rate

given in the Tg. Priok Port Master Plan.

(¢) to estimate the general cargo movements (which have at
least a destinatfon or an origin in the Countries) by de-
ducting the movements of petroleum and perroleum:products
from the total cargo movements estimated in the items (a)
and {(b) above.

(d}) to estimate a future average size and loading factor for
vessels carrying general cargo‘?nd petroieum/petroleum
products and subsequently to esfi@ate the growth rates of

the maritime traffic by type of vessel.

(e) to estimate the pgssing through traffic including large
tankers on. the bgéis of the analysis of international oil

movements and Ehéiﬁ growth rates. -

-Df}O:



2-1-1°

The' Generated Maritime Traffic on Malacca/Singapore Staits
Forecast of Future Seaborne Cargo Movements Relating to Indenesia,

Malaysia and Singapore

The seaborne carpgo which has at least an origin or a destination
in the Countries is estimated by multiple regression model with
the independent variables of the GDP in each country and the
dependent variable of a total cargo handled at ports of the

Countries.

The future projected GDP in the respective countries are extracted

from various unatlional plans and government publications,

Both the future GDP and the estimated regression equation are used

to forecast the future cargo volume handled in the Countries.
The data for the multiple regression model, cargo handled in
each country and its GDP is collated and summarized in the

following tables:

Table 2-1 Cargo Loaded and Unloaded at Ports in the Countries

Year 1968 | 1969 1 1970 1971 | 1972} 1973 | 1974

Indonesia | 46,0 | 55.6 | 64.4 | 74.1 | 94.4 [ 113.9 {108.5
Malaysia 24,8 | 26.3 ) 28.2 27.7 1 27.9| 29.4 | 28.2

Singapore | 36.8 | 39.2 | 43.6 | 49.7 § 57.1| 61.3 | 60.4

Total 107.6 [121.1 | 136.2 | 151.5 [179.4 | 204.3 |197.1

Noté 1) Iron ore loaded from the Peninsular Malaysia is

excluded.

2) Crude petroleum transported from Brunei to Sarawak

by Pipes is excluded.
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Table 2-2 Gross

.Domestic Product- of-.the Countries.

Year

- 1968.

1969. -

1970

1971 .

1972,

., 1973 .

- /1974

Indonesia
(B11,Rp. at
1969 Const.
Price)

2,544

2,718

2,923

3,128

3,348

3,620

v

3,880

Malaysia
(Mil: M$ at
1970 Const.
Price)

9,310

10,282

10,708

11,589

12,349

13,867

14,797

Singapore
(Mil. 8§ at
1968 Const.
Price)

3,971

4,502

5,107

5,747

6,514

7,239

7,731

Malaysia
plus
Singapore

13,281

14,784

15,815

17,336

18,863

21,106

22,528

Based on the above data, analysis of a multiple regression model

was carried out and the most significant model and equation was

selected as follows.

Y = 0.02835 Xi + 0.00877X

where, Y

The future GDP projected for Indonesia is taken from the "Indonesia

!
X

2

- 84.30396

(R:

0.996)

: cargo handled at prots in the Countries
: GDP of Indonesia
: total GDP of Malaysia and Singapore

(Mil. ton)

Second Five Year Plan (PEL?A 1I)" and for Haiaﬁsia, from the

"Third Malaysia Pldn". With regard to Sirgapore éuch‘authorized

data could fot Be obtained, so that the future GDP of Singapore

was estimated from the ‘data- used-in the brief report of "Mass
Transit Study, 1974".

Based on these pub

follows:

lications the projected GDP is assumed to be as

D=12




;¢ . Table 2-3 Future Growth Rate of GDP in the Countries

Accordingly,

Country

Years

Annual Growth

Rate of GDP
Indonesia 1974 ~ 1979 7.5%
Malaysia 1971 ~ 1975 7.4%
1976 ~ 1980 B.5%
1981 ~ 1990 8.1%
Singapore 1972 ~ 1976 7.1%
1977 ~ 1981 6.1%
1982 a 1992 5.1%

the value of the projected GDP in the respective

countries is estimated as in the Table 2-4,

Table 2-4 Projected GDPP of the Countries

Year

1975

1980

1985 1990

1995 2000

2010

Indonesia
(Bil.Rp. at
1969 Const.
Price)

4,086

5,866

8,421

12,090

17,357 | 24,918

51,357

Malaysia
(Mil. M$ at
1970 Const.
Price)

15,315

23,073

34,059

50,097

73,950 {109,161

237,862

Singapore
(Mil. $$ at
1968 const.
Price)

8,048

11,290

14,590

18,675

23,902} 30,593

50,118

By the estimated regression equation presented earlier the future
total cargo volume handled in these countries can be estimated as

follows:
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Table 2-5 Total Maritime CérgoaVolumngaﬁdlég‘in:the‘Céuntries

Year |- 1975+ | 1980 | 1985 1990 . 1995 2000 2010
Total Cargo
Volume T
handled 236.4 382.7 581.1 861.6 {'1,265.9; 1,847.8 | 3,897.3
(Mil. ton)
The assumptién was made that the intra-regional cargo movement
which is double counted in the above table, is 10% of the total
cargo handled at prots in the Countries.
Therefore, the estimated total seaborne cargo handled in the
Countries has been adjusted as given in the Table 2-6 to derive
the total cargo movement.
Table 2-6 Total Maritime Cargo Movement with Origin and/oxr
Destination in the Countries
Year | 1975 1980 1985 1990 1995 2000 2010
Total Cargo
Movement 212.8 344.4 523.0 775.4 {1,139.3{ 1,663.0 | 3,507.6
(Mil. ton)

2-1-2 Forecast of Future Movement of Petroleum and Petroleum Products

Relating to the Countries

For the estimation of the future movement of petroleum and petroletm

products, attrend model was built using data ‘of the pas:t: _éﬁ‘nua'.]_.

increases of o0il volume handled at prots in each country as listed

in Ehe féﬁléné;Y.

£ D=14
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‘Table 2-7' Petroleum and Petroleum Products Handled at Ports
in the Countries

(Unit: Million ton.)}

Year 1968 1969 1970 1971 1972 1973 1974
1)
Indonesia 23.0 29.8 34.5 37.2 45.9 59.0 62.2
2}
Malaysia 11.7 11.9 12.7 14.7 11.6 11.6 11.0
3) :
Singapore 27.5 29,2 32.5 37.5 45.4 47,0 45,7

NoteL 1) The figures for Indonesia are quoted from the Export-Import

data,

2) The figures for Malaysia represent a total amount of handled
in Peninsular Malaysia, Sarawak and Sabah. The piped from

Brunei to Sarawak is excluded.

3) The figures for Singapore are quoted from the data on loading-

unloading at ports in Singapore.

The future seaborne oil movement of the Countries is extrapolated
by a simple regression model in the case of Indonesia and, with
regard to Singapore and Malaysia the total sum of the seaborne oil
handled in both countries is used to obtain better correlation

coefficient.

The parameters in the regression models are estimated as follows:

Indonesia : Yl = 6.693}(1 - 13,150 (R = 0.982)
where, Yl + Petroleum and petroleum products handled at ports
in Indonesia (Million ton.)

Xl : Calendar year

Singapore and Malaysia : Y, = 3.546Xl - 6.940 (R = 0.948)
where, Y, Petroleum and petroleum products handled at ports

in both Malaysia and Singapore

X

' Calendar year
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Thus, the future handling,yoluma;of,oilzqupd;tgjin the Countries
is calibrated, and summarized in the Table "2-8, ~-

e N

Table 2-8 Forecast of Future 0il Volume: Handled®at Ports
in the Countries

(Unit :.1000 ton)

Year 1975 | 1980 | 1985 | 1990 | 1995 | 2000 .| 2010
Indonesia 68.7 | 202.1 | 135.6 { 169.1 { 202.5 | 236.0 | 302.9
Malaysia & 63.4 | 81.1 | 98.8 | 116.5 | 134.3 | 152.0 | 187.5
Singapore

Total 132,1 ) 183.2 | 234.4 | 285.6 | 336.8 | 388.0 | 490.4

For Indonesia, comparison of the growth rate can be made with the
annual growth rate of the oil handling volume at Tg. Priok which

is projected in its Port Master Plan.

Table 2-9 0il Handling Volume Projected at Tg Priok and
that Estimated from the Model

(Unit : 1000 ton)

Year 1980 1985 1990
From the Master Plan 4,250 6,000- 7,500
mual growth rate | 7.1% wer
From thesestimated regression 102,100 135,000 169,000
equation
Annual growth rate | s.ex  hsw

As seen in the above table, the annual growth rate derived from the

Tg. Prick Port Master Plan is a little highér th;n that derived

from the estimated regre551on equation for whole Indonesian ports.
However, it is conceivable that that thé estlmate for the latter should
be lower in consideration of the scale of.Tg.:Priok Port. There-

fore, the volume.Qsi;p§Qp§_fxomhghglgqqagign}ig adopted to, forecast

future overall oil handling volume at.ports:in Indonesia.

D-16-



Furthermore, in recognition of the fact that the intra-regional
seaborne oil cargo movement is double counted in the total oil
handling volume at prots in the Countries, it is assumed that

the intraregional oil cargo movement accounts for 10%Z of the total

o0il handling volume at ports in the Countries,

Consequently, the future oil movement which has destination and/or

origin in Indonesia, Malaysia and Singapore is estimated as follows:

Table 2-10 Forecast of Futuer 0il Cargo Movement

Year 1975 1980 1985 1990 1995 2000 2010

OLL cargo movement| 14 9| 164.9 | 211.0 | 257.0 | 303.1 | 349.2 | 441.4
(Mil. cton)

2-1-3 Forecast of the Future General Cargo Movement Relating to the

Countries

The future general cargo movement is estimated by deducting the oil
cargo movement from the total seaborne cargo movement forecasted in

the previous sections 2-1-1 and 2-1-2, The subtraction is summari-

zed below.

Table 2-11 Forecast of the Future General Cargo Movement

Year 1975 1980 1985 1990 1995 2000 2010
General cargo
movement 93.9 | 179.5 | 312.0 | 518.4 | 836.2 |1,313.81} 3,066.2
(Mil. ton)

2-1-4 TForecast of Future Average Vessel Size and Loading Factor '

The Indonesia Five Year Plan (PELITA II) depicts the number of
vessels necessary for Regular Liner Service (RLS) routes. It

anticipates slightly change in ship size as indicated in the Talbe
2-12.
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Table 2~12 Future Chan

hange . in Vessel Size for RLS , ..,
by PELITA II e

Year 1976 | 1975 | 1976 |:-1977: | 1978 | 1979
No. of Vessels 191 | 203 | 215 | 2267 237 | 250
D.W.T. 227,500 | 239,250 250,000 |263,500 [273,750 | 287,750
Av. D.W.T./ : -
oy D 1,191 | 1,279 | 1,165 | 1,266 | 1,155 | 1,151

The Tg. Priok Port Master Plan indicates the future cargo volume

and number of vessels as presented in the following table.

Table 2-13 Projected Number of Vessels and Carge Volume

Year 1980 1985 1990
No. of Vessels 3,284 4,020 4,830
Cargo Tonnage (x 1000) 7,020 11,135 14,800
Av. Cargo Ton/Vessel 2,138 2,770 3,064

The Balawan Port Master Plan Report predicts that loading factor

of general cargo vessels will increase on average to 50% in the

future.

Therefore for general cargo vessels, the average loading factor,

average cargo tonnage and average vessel size in the future

are estimated as follows:

Table 2-14 Estimated Future -Mutation-in-Items of General Cargo
Vessels Relating to the Countries

Year 1975 | 1980 | 1985 | 1990° | 2000 | 2010
Av. Cargo Tonnage | . - . - Aoa
(ton/Vessel) 1,500 |-2,1387|-2,770-:3,06471.3,735-|-4,553
Av. lLoading Factor 10 35 40 23 7 45 50
(%) - . - - -
Av. Vessel Size
(D.W.T) 4,500 | 6,110 | 6,925 | 7,125 { 8,300 | 9,100
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. -The future loading factor of general tankers is also estimated to
increase from 35% in 1975 up to 50% in the future and the size is
assumed to remain constant at 27,000 DWT. The following table
represents the estimated future mutation in the items of general
tankers.

Table 2-15 Estimated Future Mutation in the Items of
General Tankers Relating to the Countries

Year 1975 1980 1985 1990 2000 2010

?E;nfarg° Tonnage | g 450 | 10,800 | 10,800 | 12,150 | 13,500 | 13,500

?;5 Loading Factor 35 40 40 45 50 50

?;'WV;S§91 Stze |57 000 | 27,000 | 27,000 | 27,000 | 27,000 | 27,000

2-1-5 Growth Rate of the Sea Transport Relating to the Countries

The generated vessel traffic in the peripheral seas of Indonesia,
Malaysia and Singapore has been estimated in accordance with the
analysis on future cargo movement and changes in characteristic

of vessels are explained in the preceding sections.

Based on these assumptions, the calculation of the growth rate of
the sea transport which at least has an origin and or a destina-
tion in the Countries has been carried out and the result is given

in the Table 2-16 by type of vessels.

Table 2-16 Growth Rate of the Sea Tramsport (1975 = 1.000Q)

Year 1975 1980 1985 1990 2000 2010

General Tanker 1.000 | 1.214 § 1.553 | 1.681 | 2.056 2.559

General Cargo Vessel | 1.000 | 1.341 | 1.799 | 2.703 | 5.619 | 10.758
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2-1-6 Summary of the Generated Maritime Traffic“onﬁﬁalgccafsingéﬁore

Straits « SR

.o
R Y

The' future growth:rates have been estimated in“the:Table~2-16
with regard to the maritime traffic generated and/or attracted

in the peripheral seas of Indonesia, Singapore and Malaysia.

In order to predict the future generated traffic on the Straits,
the present vessel traffic in 1975 listed in the Tables 1-3 is
multiplied by the growth rates above.

The summary of such traffic is then given below.

Table 2-17 The Generated Maritime Traff}g on thg_%tra;ts

Type of Vessel 1975 | 1980 | 1985 | 1990 | 2000 | 2010
General Tankers . 6,840 | 8,304 | 10,623 | 11,498 | 14,063 { 17,504
Se“eril Cargo 5,578 | 7,480 | 10,035 | 15,077 | 31,343 | 60,008
essels

Total 12,418 | 15,784 | 20,658 | 26,575 | 45,406 | 77,512

2=-2-1

(Vgsse}s/year)
Forecast of Passing through Traffic on the Straits
Forecast of passing through traffic of large‘Qapkers“

The recession which started towards the end of LQZéuhaq‘a direct
impact on the world ecoﬂsmy and on thé world wide movement of
crude oil and oil-products.. However the-annual growth-rate of
seaborne oil in the world has bgen“in‘é gradual decline as shown
in the Table 5;18. N C '

T - . ~
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Table 2-18 Crude 01l Movement in the World

Year | Crude 0il Movement j Annual Average Growth
Rate

1965 730 x 106 ten

::::::2::=- 11.0%
1970 | 1,228 x 106

T om
1973 | 1,627 x 10°

:::::Z:::=- 7.8%

1974 | 1,656 x 106

It is estimated that the growth rate of seaborne oil carpo will
also be lower in the future. Assuming that che average size and
loading ratio of large tankers are hardly changed in future, the
growth rate of their traffic is estimated as follows:

Table 2-19 Annual Growth Rate of Large Tanker's Traffic

Year Annual Growth Rate | Growth Rate Compaired
with 1975 Traffic
1975 n 1980 4% /Year (1.217)
1980 ~ 1985 4§ " (1.480)
1985 ~ 1990 6 (1.981)
1990 ~ 2000 6 (3.547)
2000 ~ 2010 4 (5.250)

2-2-2 Forecast of Future Passing through Traffic of General Cargo

Vessels and General Tankers

For lack of adequate data on through traffic of such vessels the
annual growth rates of large tankers are also applied to general
tankers and general cargo vessels. Furthermore, it is assumed
that the future passing through traffic of general tankers will

be of the same ship size and loading factor as the corresponding
generated traffic referred to in table 2-15, while that of general
cargo vessels remains constant in either size or loading factor,

13,000 D.W.T. and 50%Z respectively.
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The summary of the passing through vessel .traffic on the Straits
is shown in the Tabel 2-20.

Table 2-20 Forecast of Future Passing through !
Traffic on Malacca/Singapore Straits

‘:fVeésels/year)

Year 1975 | 1980 | 1985 | 1990 | 2000 | 2010
Large Tankers 528 | 643 781 | 1,046 | 1,873| 2,772
General Tankers 4,486 | 5,459 | 6,639 | 8,887 | 15,912] 23,552

General Cargo

Vessels 36,086 |43,917 |53,407 |71,486 |127,997 |189,452

Total 41,100 (50,019 |60,827 |81,419 |145,782 [213,004

2-3 Total Vessel Traffic Forecasted on the Straits
Through the section 2-1 to 2-2, the generated and through vessel

traffic on the Straits has been estimated by type of vessel.

This data is now summarized in table 2-21,
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Table 2-21 Future Vessel Traffic on Malacca/Singapore Straits

(Vessels/year)
Year 1975 1980 1985 1990 2000 2010
Large Tanker 528 643 781 1,046 1,873 2,772
General Tankers 11,326 | 13,763 | 17,262 | 20,385 | 29,975 | 41,056
| Generated traffic| 6,840 | 8,304 | 10,623 | 11,498 | 14,063 | 17,504 |
Through traffic 4,486 | 5,459 | 6,639 | 8,887 | 15,912 ! 23,552
General Cargo 41,664 | 51,397 | 63,442 | 86,563 | 159,340 | 249,460
Vessels
[ Generated ;;;;é;c“' ;,;;é- -;,480 10,035 | 15,077 | 31,343 | 60,008
Through traffic | 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
“Een_e:;;d—t;a;f—i: 12:41_8- _15_,7_84_ 20,658 | 26,575 | 45,406 | 77,512
Through traffic | 41,100 | 50,019 | 60,827 | 81,419 {145,782 | 213,004
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