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Soekor's exploration programme has moved totally offshore and expanded
greatly in the past few years. Use of camputers necessitated the
exrhange of data between offshore and land installations. At the same
time the exploration programme is wmoving further offshore while the
coastal stations of the Post & Telecammications can not handle the
volume of traffic that the oil drills present nor the data modes. A
study of the transmission requirements revealed that a minimm of cne
voice chammel per drill must be available at all times, while some 20M
byte of data per oil drill per year will be transmitted. Facsimile
will be needed at times, also as a back-up for the data systems. A
stidy of publications revealed that anly five of the eleven methods
studied are viable, namely VHP-FM, Satellite, HF-telephony,
HF-teleprinter and HF-data. These possibilities as well as their
practical implementation was studied in depth. The effect of the
atmospheric conditions on the propagation of VHF-signals arcund the
coastline was shidied and 17 sites identified and evaluated fram the
moath of the Orange river to Port Elizabeth in respect of coverage,
accessibility, facilities and cost. INMARSAT facilities and costs were
evaluated as well as HF-systems. Finally a system was designed
cansisting of HF-telephony, separate "packet" HF radio data system,
satellite telephony back-up and satellite high speed data as well as a
limited VHF system. The entire system is complemented by marine
form of propagation predictions is provided. Some existing equipment
was used, while RO50 000 has been spent to date on additional
equipment.



Soekor se clie-eksplorasie program is in totaliteit verskunif na die see
en het baie uitgebrei in die afgelope paar jaar. Die gebruik van
moet word. Terselfdertyd verskaif die eksplorasie-program al verder
van die kus af weg, terwyl die kusstasies van die Pos &
Telekomrmnikasie nie die wvolume wverkeer kan hanteer wat die bore
verlang nie en ook nie die data-modusse kan hanteer nie. 'n Studie van
die versending vereistes het getoon dat 'n minimm van een
spraak-kanaal per boor ten alle tye beskikbaar moet wees, terwyl sowat
20 l\bg,a-greepsedataperolieboorperjaarverserﬂsalmrd.
Faksimilee sal sors benodig word, ook as 'nm rugstem vir die
data-sisteme. 'n Stadie uit gepubliseerde materiaal toon dat slegs vyf
van die elf beshudeerde metodes prakties uitvoerbaar is, naamlik
BHF-FM, Satelliet, HF-telefonie, HF-teledrukker en HF-data. Hierdie
bestudeer. Die effek van atmosferiese toestande op die voortplanting
van HiF-seine oon die kuslyn was bestudeer en 17 terreine is
Dekking, toeganklikheid, infrastruktumr en koste tov. elke terrein is
HF-sisteme. Op die ou einde is 'n stelsel antwerp wat bestaan uit
HF-telefonie, aparte "pakket"® HF radio data sisteem, satelliet
telefonie rugsteun en satelliet hoé spoed data sowel as 'n beperkte BHF
sisteem.  Die hele stelsel word aangevul deaur marine telefonie en
telegrafie uitrusting. Riglyne vir bedryf van die stelsel in die vorm
van frekwensie-voorspellings word daeurloperd veorsien. 'n Klampie
bestaande uitrusting was hergebruik, terwyl die aankoop waarde van
bykcmende uitrusting alreeds R900 000 beloop.



INTRODOCTTON

When Sockor's oil-exploration programme moved from land to sea in the
early seventies, the demands as far as comumnication were concerned was
relatively minimal.

At first only one oil-drill at a time was used, and most cammmication
was by means of HF radio-telephomy. The use of camputers was minimal
and there was no need for data exchange. A small amount of facsimile
was sent on HF, mach to the detriment of the HF transmitters, as the
transmitters were not made for contimicus duty as demanded by facsimile
transmission.

In the early eighties a VHF systan as designed by Mr. Willie van
Niekerk of Stellenbosch University was introduced. A Post &
Telecamumication carrier-circuit was used to the nearest practical
high-point ashore from the oil drill, where a remote VHF station was
established for the short-haul ocut to sea. But as the oil-exploration
programme moved further away fram the shoreline the cammication
deteriorated, and a pressing need was felt for dedicated secure data,
it became clear that a camplete new system was needed.

In my appointment to Sockor's staff, I was instructed to examine all
the possibilities and design a system that will be usable for the
present and foreseeable future.

![hebasmrequlranmtswerelalddcmasfollaqs.
1. To overcame commication problems specific to oil
exploration along the SA coast.

2. To design a reliable, low maintenance system for voice,
facsimile and data coommication.

3. Suitable for 24 haurs operation and simple to operate.

4. Quick pinpointing of faults so that technicians can proceed
directly to the location of the fault.

5. Equipment placed at sea and remote sites must be easy to
maintain. The design and layout of equipment must be such
that faulty sub-assenblies can be exchanged and returned to
Cape Town for repair,thus avoiding "field" repairs.

6. It would be an advantage if the equipment could also be
used for marine purpcses, including the sending of distress
calls.

7. ﬂnsystelnmstbedesz.gned mthmﬂxeframaqoﬁcofthe
existing Radio regulations.
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CHAPTFR 1

THE, OBJECTIVES OF THIS PROJECT:

1.

To overcane coamunication problems specific to Soekor's oil
exploration along the S.A. Coast.

To study all possible propagation modes and technical
possibilities and select the most viable anes.

To study the geogra;hyofthetenmnazxiltseffectmradlo
commmication systems,

wind-energy where no mains supply exists.
To design a reliable low maintenance system incorporating
voice, facsimile and data modes.

To implement the system us:l_nglocalsu;pllersarﬂ“mhmse"
labour as far as possible.

System must have several "“paths" to facilitate redumdancy and a
service life of at least ten (10) years.



CHAPYER 2
SOFROR'S COMMONYCATION PROBIEMS

Before defining particular commmication problems and needs, one must
lJock at the characteristics of the offshore oil drills used along the
Souath African coastline. 'medeep-waterdnllsusedatpreﬁem:aremt
mplatforms® as they do not rest (stand) mtbeomanbottmnm_ﬂe

and yaw, although much less than an ocean going ship ance it is
anchored (see fig.2-1).

The drill can be divided into two systems. On the one hand there is
the maritime side, such as watchkeeping, safety at sea, etc., while on
the other there is the drilling operation. It is interesting to note
that both maritime and Department of Mines rules apply.

This dual character of the drill is also evident in it's comrmmication
needs. On one side there is the marine cammmication needs, such as
watchkeeping on 2182 KkHz and VHF chammels, ship-to-shore telephone
calls, etc. The latter is done via the coastal radio stations of the
Post & Telecammication and falls outside the scope of this project.

On the other hand there is the large amount of commmication needs
pertaining to the drilling operation. The urgency of this
cammication mikes the delays inherent in a milti-user system such as
a ooastal radio station unacceptable, while no facilities exist for
the data modes such as ASCIT and raw digital data.

2.1 MODES OF COMMUNTCATION NEETED
2.1.1 TELEPEKRNY (VOICE COMMINICATTICN)

Fach oil drill needs to be able to make calls to Soekor-Headouarters in
Parow for discussion of drilling-operations, logistics, geology,
geo-physics, etc. Calls must alsc be made to SOPEIOG in the
Indo-Atlantic building in Cape Toun. Sopelog (“SouthmPe:l:rolelm
Iogistics™) provide a large mmber of persommel, catering, etc. for the
drills. Calls must also be made to specialist contractors such as
Schulmberger, Haliburton, Flopetrol, Rockplan and Gisor that do certain
specialist work for Soekor.

This means that the system mist be capable of supporting at least one
radio~telephone call per drill simltenecusly. The voice quality mist
be so good that it can be taken on an internal telephone system to
offices in the Sockor-Headquarters complex. Furthermore the sigmal
levels have to be high, as this system is also extended via leased
P&T-lines to the Indo-Atlantic mudjzgmcmrttalCape'I'omsmezo
kilaneters away.

The voice quality must be of such a high standard that persons not
familiar with commmication by radio may comfortably use the system.
For this purpose the signal to noise ratio was defined to be 60 dB.

Iast but not least, autaomatic switching between transmit and receive is
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FIGURE |-1]
I. THE RIG IS TOWED INTO POSITION , AND

2. ANCHORED

3. THE TEMPORARY GUIDE BASE { T.G.B.) IS
LOWERED TO THE SEABED BY MEANS OF
STEEL CABLES AND 38" HOLE 15 DRILLED.

4. A 30" CASING IS CEMENTED INTO THE HOLE
AND PERMANENT GUIDE BASE {P.G.B.) IS
ATTACHED. DRILLING PROCEEDS WITH A
26" BIT TO A DEPTH OF APPROXIMATELY
300m AND A 20" CABING |S CEMENTED
INTO THIS PORTION OF THE HOLE.

§. THE BLOW - QUT PREVENTOR ( B.G.P.}
AND RISER PIPE ARE NOW ATTACHED TO.
THE PERMANENT AND TEMPORARY GUIDE
BASE ASSEMBLY ALREADY ON THE SEABED.
ALL FURTHER DRILLING IS NOw DONE
THROUGH THE RISER PIPE WHICH PREVENTS
ANY POSSIBLE POLLUTION.

8, DRILLING WILL NOW PROCEED TO TOTAL
DEPTH, WITH THE HOLE DIAMETER AND
CASING SIZES STEADILY DECREASING AS
INDICATED.




desized,asthiswilleasethepr&ssuremthecpelator/satSoekor-m.
2.1.2 DATA INTERCHANGE

At the moment there are three departments in Soekor that have a need
for Data-transmission. However, it is expected that once a good system
has been implemented, other users will appear, ranging from the codk's
supplies to oceanographic data.

2.1.2.1 RESERVOIR ENGTNEERTNG:

This department will transmit the largest amount of data.
It is expected that this department will sen%
14Mbytes/year. This means that a total of 1,12 x 10
bits will be transmitted per year.

At first this seems to be a small amount per day (approx
307 000 bits/day) kut unfortunately this data is cbtained
when boreholes are tested and needs to be sent in blocks of
up to 1 Myte (8 M bits per num).

2.1.2.2 DRITLING ENGINEERING:

The departmental transmission consists of a two or three
page daily report every moming. Although small in volume,
this is the most important single report of all, and needs
to be transmitted rapidly and correctly to
Soekor-Headquarters.

2.1.2.3 GEOLOGY:

Geology will serd a total of 4,86 M bytes per year on a
daily basis. This is thus about 107 k bits per day.

2.1.3 FACSTMIIE

In the mmlday—to—dayopexaticnthereismdemrﬂforfa&imﬂeto
be transmitted. It is foreseen however that, in the case of an
engineering breakdown, this mode of commmication may become of vital
importance. In the event of camplete failure of the data system, the
required informetion may be transmitted by facsimile. Thus this mode
may be seen as "back-up" for the data system.



CHAPTER 3
COMMUONTCATTON OPTTONS

As a starting point far the entire project, all the modes that could
conceivablybeusedwerelistedasfollows:

5.1 HF-Telephony
5.2 HF-Teleprinter
5.3 HF-Data

5.4 HF-Facsimile
5.5 HF-CW (Morse)

6. Meteor-scatter

A short study was done, based on publications, to decide if any given
option offered encugh merits for further in-depth study.

3.1 DEDICATED VHF SYSTEM

This was the system that received the most favourable consideration.
The system was in use with a certain amount of success and it was felt
that with improved facilities and eguipment this was the best option.

It was realized that with plammed new boreholes located up to 215km
framn the coast, not all plammed boreholes could be covered from the
shore on VHF. It was however, felt that the mmber that could be
covered would be high encugh to make VHF a viable option as the main
system. :

Because the stations would be unattended and remotely comtrolled from
Sockor-Headquarters in Cape Town, the only mode considered was
frequency modulation. Equipment using frequency modulation can
incorporate autamatic trequmcy control (AFC), may use squelch to cut
down on "open chammel" noise and provides excellent audio quality.
VHF-FM also offers wide enough bandwidth to support data and facsimile
on the audio chammel.

The long ranges to be covered would need high sites on land. The sites
that can be reached presently by road would in most cases not be at a
high enough location above sea level. It was therefore decided that to
get successful VHF coverage, he.llccptersmstbeusedmreachthe_
highest peaks along the coastline.



3.2 MICROWAVE

Microwave systems offer wide bandwidths for several charmels and modes.
The damestic telephone, telex, data and TV distribution is mainly

The problem associated with microwave systems are range, stability amd
infrastructire.

Firstly, the highest moumtains near the coastline offers only about
110km lhae—of-sighl: distance. This includes the distance up to the
coast line. As microwave propagation is line-of-sight, this would
lmlttheuseofmcrcwmretorelatlvelyshortdlstameoff'ﬂae
coastline, especially on the West Coast, mlezethehighmmtamsare
located fa:lrly deep inland (refer maps SA 1:250000 topographic series
no's 2916 SPRINGROK and 3117 CAIVINIA).

The second problem of stability of the oil drills derived from the fact
that microwave makes use of hichly directional antemnae, thus the
aligment between stations must be held true to 0,1 degree of arc. As
a drill is subject to several degrees of roll, sophisticated antema
aligment systems would be needed.

The third problem was that of infrastructure. A microwave system would
need considerable land-station infrastructure. This would have to be
relocated every time the drill is relocated, normally something that
happens every other month on average.

3.3 TIROPOSCATTER

Troposcatter (Tropospheric Scatter Propagation) or "forward scatter
rropagation® uses the layers/particles of the atmosphere at a height of
about 15km above the earth to scatter energy over the horizon to the
distant station between 300 to 800 km away.

Although the system does not need high sites on the land and landward
stations are availablemtza:lermmtconflguxatszoreasy
relocation, the aligmment of antemmas is fairly critical. Thus the
systernlsnotpractlcalforusemadrlllthatlssubjecttomtmn :

3.4 EARTH ORBITING SATELTTTES

A wide variety of satellites now orbit the earth. Their purposes range
from comumication and navigation to "spying® missions.

A wide variety of systems and modes are available, but in the Southern
Hemisphere the only one that the small scale occasional user could make
use of is the INMARSAT system, specially created for marine use.
Notwithstanding the high cost of calls, it does hold advantages for
Soekor. _ )

These incindes severalmd&s, (i.e. Data, Telex, Voice and Facsimile),
24-haar availability and ready interface with the public telephone
network. _



3.5 HIGH FREQUENCY

High frequency (Short-wave) is one of the cldest forms of long-distance
commmication mediums in use, having been in use between Cape Town and
Iondon since 1922.

High-frequency commmication for the distances from Cape Town that the
drills will coperate in the foreseeable futire (800km max) will make use
of "single-hcp' propagation. This is normally a very good mode and not
mxc:haffectedbyfadirg.

HF holds the Ra]oradvanbageofbelmfreefrmcmstramtsasfaras
distance offshore is cancerned. It would thus be advantageocus if
cperatian ever extend to the extreme south tip of the Aqulhas bank
(240km offshore) or extends to the west of the K-field on the west
coast (265km offshore) — see fig. 3-1.

From a point of logistics it also holds two major advantages, namely
that no remote sites are involved and all equipment is under direct
operatorcontrolarﬂsupervlsz.m

IhefollcwirgmdesoftransmissimwereccnsideredforﬂF:

1. Telephony
2. Teleprinter
3. Data

4, Facsimile
5. W (Morse code)

3.5.1 TETEPHENY

The only viable modern efficient mode for consideration today is Single
Side Band suppressed Carrier.

Double Side Band is wasteful of b:ansm:.ttedpmmarﬂocwpleﬁtm-
necessary bandwidth.
For thlsmasmlsmlc:rngerallovoedmﬂl?atsea During the late

seventies/early eighties a programme of reducing and finally removirng
it from HF was followed by intermational agreement.

The standard chammel bandwidth for SSB is now 2,8KkHz.
3.5.2 TELEPRINTER

1924 and the first telex exchanges placed into service in 1934
(Johamnesburg) and 1935 (Cape Town).

Extensive use is made of Radio teleprimter (RITY) on HF.

In RITY use is normally made of two tomes, one tone to indicate the 1
bit, and the cother for the 0 bit. In practice the carrier frequency is
shlfted to produce the two tones. It is then referred to as frequency
shift keying (FSK).
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Tt is possible to introduce error correcting on RITY circuits by using
recirdancy codes.

The most common redundancy oode in use today is the highly efficient
ARQ (Automatic repeat request) which was developed for radio
telegraphy. :

In ARQ eachcharactercontamssevenbltsagausttheflvebltsofthe
ord:maxy teleprinter (Baudot) code. The additional two bits are added
in such a way that all characters sent contains three 1 bits and four 0
bits. when a faulty character is received, a repeat request is
received. A character with the ratio 3x1 to 4x0 and correspording to
an 2ARQ teleprinter character will go undetected, but in practice these
arefewanifarbetween

The Fost &Telecmmlcatlmcoastalstatmnsmwesu;portedthzsmde
since 1979, where it is then called TCR (Telex over radio).

3.5.3 DATA

The major dJdisadventages of teleprinter modes is the fact that it only
supports 32 characters, Thus lower case letters ard symbols such as
~, @, %, <, *, [, etc. can not be sent. Furthermore raw camputer or
binary data can not be transmitted.

ASCIT (American Standard Code for Information Interchange) supports 128
characters and is easily converted to or from cther code systems for
canputer use such as Binary, hexadecimal or EBCDIC.

At the moment the P&T coastal stations do not support any data modes.
3.5.4 FACSIMIIE
Some internaticnal uses of facsimile over radio are:

1. Transmission of photographs (e.g. for the press)

2. Transmission of weather maps.

3. Transmission of language texts that can not be handled by
teleprinter or data (e.g. Chinese).

In themla@lora:tmnascoveredbythlspzmectthemamusemﬂdbe

for e:ngmeerur; drawings anxd as an alternative for data/telegraphic
transmission.

The major difficulty with facsimile is the bandwidth versus speed of
transmission problem. At 2400 baud on a telephone line a typed A4
sheet takes approximately 50 seconds to be transmitted.

At 1000 baud on a VHF-FM radio link the same sheet's transmission takes
two mimites. In practice, on the VHF system Soekor operates, we fourd
that at langy range (for VHF) the data rate must be reduced to 667 baud,
this the A4 sheet takes 3 mimites. On HF only about 200 baud can be
used, thus the A4 sheet in question will take 10 mimites.



The second difficulty with facsimile is fading of the signal or
interference during the transmission. This can cause "bad spots™ in
thepicturecrcanpletelydestmyasectimarthewholepicmre.

The longer the transmission takes, thehlgherlsthenskoffadmg
axﬁ/ornrterferexnec&asmpmbl.

CmthemldnllammberofRFproducjmgdevicesardelecl::ical
machinery is packed in a small area. Our results on weather facsimile
reception from Olifantsfontein (ZRO) proves that it is virtually
impossible to reproduce a HF-facsimile on board an oil drill without

short—-duration fading of a few seconds at a time around mid-day to
about 16h00. Itlsprcbablydnetospo:adlcEprcpagatlmas1toccurs
when high solar flux is pr&enl:arﬂabnom]lygoodVHF—propagatm
takes place.

telegraphy, but is expected to cause problems with facsimile.

3.5.5 W (Morse)
This is the oldest form of radic coommication.

The original binary code was developed by Professor Samel Morse for
his telegraph system. The system of morse telegraphy was in widespread
use right through the world for more than a century.

It was gradually superceded in later years by cther methods, mainly due
to the low transmission rate. The British Post Office used morse on
their telegraph circuits until 1955. The Canadian National Raiilways
discontimed the last of their telegraph circuits in 1970. In South
Africa the Post Office sent the last morse telegraph message on 23

February 1971,

A variation of Morse's code was adapted for use on radio-telegraphy arnd
is still in use by Radio Amateurs, shipping, military forces and minor
point-to-point links worldwide. The P&T coastal radio station in Cape
Town (25C) still has six marine W circuits active as well as a daily
cortact with Tristan da Cumha.

when virtuaily all other modes fail.

For Soekor mamal telegraphy holds two major disadvantages:

As has been mentioned the first is speed of transmission. While a good
operator may reach speeds of up to 30 words per mimtte, most
commmication takes place at a rate of 20 words per mimite. In
practical terms it means that a page such as this one will take an
operator 15 to 22 mimites to transmit (a 50 baud teleprinter will take
less than seven mimites and a 110 band data transmitter about 3
_ mimites).



The second problem is that of persamel. At present the oil drills
carry cnly one radio officer ard he has to double as medical orderly as
well. He has to do the marine traffic, radio-telephone calls,
helicopter commmication, etc. He also has to eat and sleep, thus
relatively little time would be available for morse-telegraphy.

The two factors, i.e. time available plus low data rate, limits the
amount of information that can be transmitted.

3.6 METFOR SCATTER

This technique makes use of the fact that meteors entering the earth's
atmosphere leave a "“trail" of highly ionized gas. RF sigmls at
mid-bard VEF may be reflected to establish radio commmication.

Due to the short duration of an ionized path, meteor scatter is not
suitable for wvoice modes of commmnication. Bursts of high speed data
may be sent while the meteor trail lasts. The system then holds the
rest of message until a trail again appears, samething that may happen
in a few seconds or a few mimites.

The overall average speed works out to between 20 and 75 baud,
deperding on power levels, but there may be long periocds of no
transmission path. As such, the system is mostly used for wnattended
low-rate data transmission from remote sites. Typical systems is the
“Snotel® system in the USA used to monitor snowfalls on remcte
mountains, and in South Africa the data system used by the Department
of Water Affairs.

- 3.7 POSSIBIE VIARTE OPTTONS

At this point a decisicn had to be made on the modes that warranted
further study. The following modes were not pursued:

3.7.1 MICROWAVE

The fact that the system willmlyoperatecverlﬁne—of—sightpaths
severely limits the scope of use, i.e. the mmber of wells that can be
covered. Secondly the motion of the drills makes this system virtually
umsable. Iastly the landward infrastructure will be too costly.

3.7.2 TROFOSCATTER

This mode was also not pursued due to the motion involved.

3.7.3 HF-FACSIMITE

ue to the low speed that could be achieved, it was decided not to

3.7.4 HF-OW (Morse)
The low data speed makes this system unattractive.
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CHAPTER 4

SELFCTFD OPTTONS FOR FURTHER STUDY

The following options seemed the most viable and it was decided to
pursue them in depth.

1. Dedicated VHF
2. Satellite

3. HF-Telephony, Teleprinter and Data
4.1 DEDTCATED VHE

VHF coverage 1is not essentially "line of sight". VHF signals tend to
follow the arvatire of the earth to some degree amd as such it is
possible for VEF signals to reach beyond the optical horizon. Once the
signals have reached this point and the signals is of sufficient
strength, diffraction will take place.

Direct signals and diffraction are the only two medes that delivers
cansistent results. Other modes such as ducting, inversion, sporadic
E, etc., are inconsistent and may at times even be a muisance.

The first problem is to determine just how far over the optical horizon
the radio horizon 1lies. No two publications are in agreement about
this matter. The so—called K factor is given from 1,2 to 1,5. The
CCIR (Comité Consultatif Intermational Radio) however, gives the
stardard K for the coastline and seawards around South Africa as 1,47.
This is higher than the factor of 1,38 generally accepted by the
couneil for Scientific and Industrial Research (CSIR).

deperdant on a:.rpzesm,tmeramammmmw. Over the sea the
hmidity is usually high, resulting in a h::.gher K—value than normally
found over lard.

4.1.1 ACTUAL TESTS

In the plmmngofapossmlemlmrelnﬂcforthe}bssgasplatfom,
Soekor commissioned an aculalteﬁtmthemsseil.bayareatodetem:m
what tropospheric refraction could be expected.

Two temporary upper-air weather stations were eﬁtablished, one in
Voorbaai (Mosselbay) and the other on the drill "Actinia" about 100km
away. 5

According to CCIR report 563-1, the following equation is used to
calculate the effective earth radio coefficient (k-value).

i

k=
146,37.dN.1073

dN is the mean refractive gradient of the first 1000 metres above the
earth's surface and can be calculated as follows:

dN = N1 - NO



N1 = radio refractivity at 1km above the earth's surface.

NO = radio refractivity at the earth's surface.
(Saretimes also called Ns)

The radio refractivity (N) can be calculated by the equation:
N=77,6 P+ 3,73 x 10° .e

—_— tim—

T T2

P = gtmospheric pressure (mb)
T = gbsolute temperature (°K)
e = water vapour pressure (mb)
The water vapour pressure (e) can in turn be derived from the equation:

e =Ha

H = relative humidity

[ ]
&=6,11 t + 273
vhere t is the d&ry ball temperature in °C

The standard values of the CCIR is given in figures 4-1 and 4-2
(Winter) and 4-3 and 44 (Sumer).

4.1.2 TEST RESULTS
The results cbtained is graphically shown in annesare A

The following masnmnazyoftheraultscalmlatedfortheparameter
No,N1,dN and thus for k:

(1) Oil drill (Actinia)

Parameter Minimm Maczimm Average
NO 317,36 356,07 337,73
M 245,59 307,32 280,44
AN -34,09 -99,21 -59,00
x 1,28 2,72 1,65
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(2) Voorbaal (Mosselbay)

Parameter Minimm Maximm Average
NO 297,34 354,67 326,83
N1 262,25 320,42 283,40
aN -15, 60 -75,45 -42,62
k 1,11 1,93 1,39

Fran the above can be seen that the landward side gives the worst
results, and that is thus the value that has to be used.

To cbtain a larger picture, the upper air records for Port Elizabeth
and Cape Town over the same period as the Voorbaai - Actinia tests (22
Alxy 87 to 14 Sept 87) were obtained from the Weather Bureau.
Unfortunately the upper-air station at Alexander Bay was already closed
down by August 1987.

A sumary of the results calculated follows:
(3) Port Elizabeth

Parameter Minimm Masrimm Average
RO 301,18 348,68 331,08
N1 263,63 309,29 282,74
AN -15,60 -75,45 -42,62
k 1,11 1,93 1,39

(4) Cape Towm (D.F. Malan)

Parameter | Minimm Maximm Average
NO 260,53 334,54 303,17
N1 246,47 294,92 252,84
AN ~14,60 ~77,32 -42,63
k 1,10 1,97 1,39

Camparing the AN values of Port Elizabeth, Mosselbay and Cape Town with
the August value from the CCIR (Fig. 4-2), it can be seen that the
landward value is same 85% of the CCIR value. The results from the
Actinia again, gives a value 18% higher. Thus the overall rouate value
will probably average out on a AN of ~50.

On the West coast the geography is of such a nature that the landward
climate is more arid than on the South coast, I decided to reduce the
k-value to 1,33 for all calculations.
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4.1.3 TRANSMISSION PATH IOSS

The radio signal is subject to the following losses from the
transmitting anterma to the receiving anterma:

Path loss = 32,45 + 20 Iog F + 20 Iog D (dB)

whereF;sthefrequencymMHzarﬂD:stledJstancebemeenthe
antemnas in km.

To calailate the overall signal levels from transmitter to receiver the
following eguation was used:

Pr=Pt+ Gt -32,45-20Iog F-201Iog D+Gr

vhere Pr = Power of the received signal in dBW.
Pt = Transmitter power in dBW.
Gt = Transmit anterna gain.
Gr = Receive anterma gain.

terminals.

specifications using Om's law:

E2
P=—
2

Altematively the received signal strength can be calculated using:
E= J/P.Z

In the above two formules P = power in watt
E = Receiver sensitivity.

Z = Anterma  inpedance.

It will be noticed that o provision is made for tower height armd
feedline losses. If the feedlines nm directly from the equipment to
the antemas(l.e.tmerhezghtnearlyequalfeedlmlength),thegam
due to tower height will be more than the feedline loss.

In practice provision mist be made for fading, with most
telecommmication authorities taking 50 @B as the minimm flat margin,
plus a further 10 - 13 dB to make up for system deterioration due to
the enviroment's effects an feedline comnectors, antemmas etc.

Once the signal reaches the radio horizon, further reliable
cammications takes place by means of refraction. Refraction is a

- very lossy means ofpropagat:.cmmththelossflgmereadungldB/}un
at 450 MHz.

Nofigurscmldbecbtainedinp:blicationsforthelowerVHE‘
frequencies, hut it is the writers opinion that even as low as 34 to 35
Mhz, the diffraction loss is still in the vicinity of 0,5 to 0,6 dB per



kilameter. This is based on practical results cbtained with low band
-systems operating on frequencies mentioned. On high band arcund 150
MHz, it seems to be in the region of 0,8 dB/kn.

‘Iheenv:xcrmerrtalmlselevelcntheoudnllsissohlghthata
minimm signal power level of =120 dBW must be assumed. This
correspands to approx 7wV into a 500 antetma input impedance (see
figure 6-2 page 37). ‘This leaves little flat fade margin beyond the
radio horizon. , '

It can thus be seen that to reach cut beyond the radio horizon need a
high transmitter power, coupled with high anterma gain so as to cbtain
high FRP levels.

4.1.4. VHF SITE SELECTICN ) : '

A map search was dome to find suitable high sites, aramd the South
African coastline from the mouth of the Orange river to Port Elizabeth,
that could be used to facilitate cooplete VHF coverage as far out to
sea as possible.

Once a site hasbeenselectedfrmnthemp,anmﬂteuspectlmwas
done to seevﬂ:atthefeas:bﬂ_ltyoftheﬂtewasmtemsofccvexage
access and power. Dlsc.ussmwasalsoheldmththemnﬁrstosam
thanaxtmthearmlllngxﬁstoletSoekorusethesa.te.

- The positions finally chosen were:

Lekkersing 29°02' South 17°08' East

Nababeep 29°35' Scuth 17°48" East
Leliefontein © 30°35' South -18°05' East
Toringberg 31°C2' Scuth 18°00' East
- Gifberg _ 31°46' South 18°41' East
Kapteinskop - 32°40' South 18°31' East
Piketberg 32°48' South 18°43" East
Renstabelberg 33°07' South - 18°01' East
Constantiaberg 34°03' South - 18°23!' East
Sneeukop 34°02' South 18°59!' East
Soetmiisberg 34°32' South 19°54' East
Groctherg 33°56' South 20°53' East
Riversdale 34°01' South 21°08' East
Engelseberg 33°52' South 22°08' East
George ' 33°56' South 22°28' East
ILangkloof 33°52' South 22°23"' East
Cockscomb © 33°34' South - 24°47! East

A detailed investigation was carried out in respect of each site.

'Detaﬂ.ed discussion ofeachs1tec:hosenarﬂccvemgepmfﬂeareglven
in ammesarre B.

The essential parameters sumarized in table 4-1.
TARIE 4-] SUMMARY OF FACTIITIES ON CHOSEN STTES

As an exanplethedscmptma:ﬂccvmgepmﬁlefortheeecmgesite
is given in paragraph 4-1-5 amd figure 4~5. The description axd
c::veragepmf;laffora]lstatw:scanbe-fmnﬂinamn'es.
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NAME ALTITUDE GFFSHORE COVERAGE POWER AVAILABLE ACCESSIBILETY
Lekkersing 701m 106km Solar 800kJ/cm with wind back-up Helicopter anly
Nababeep 1313m 70km Mains (from SABC) Poor road
Leliefontein 1525m 88km Solar 800kd/cm Fair road
Toringberg 548m 67km Wind primary with solar back-up fair road
&ifberg 793m 73km Mains {from ESCOM) , Fair road
Kapteinskop 650m 8lkm Mains {fram SAAF} Excellent road
Piketberg 1027m 53km Mains (from SABC) Very good road
Konstabelberg 188m 52km Wind primary with selar back-up Helicopter and foot
Constantiaberg 928m 120+km Mains Excellent road
Sneeukop 1590m 125km Mains (from ESKOM) Very good road
Soetmuisberg 753m 80km Mains (from SABC) Very good road
Grootberg 1637m 112km Wind primary with solar back-up Helicopter only
Riversdale 600m 70+km Mains {from SABC) Good road
Engelseberg 1521m 133km Wind primary wiih solar back-up Helicopter and foot
George 576m 86+km Mains (from SABC) Good road
Langkloof 1618m 13%km Wind primary with solar back-up Helicopter
Cockscomb 1350m 80+km Salar and wind Poor road
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4.1.5 GECORGE

This is a 57ém hlghponrtmthefocthﬂlsoftheceorgepeaklnthe
Outenikwa mountain range just cutside the town of George and some 10km
from the coast.

This was the original site used for the first system as designed by Mr.
van Niekerk and as such Soekor has good infrastructure on the site as
-well as a mmber of year's experience of operation fram this location.
The site is SABC property and also used by ESKWM, Forestry, SA Radio
Ieaque (Amateurs) and a mmber of private users. Access is by a good
road, and it is even possible to walk there from a nearby railway stop
(power siding is 600m away) .

' The site offers a clear take—off over a wide angle, as well as giving

. coverage of the P.W. Botha airport, Mosselbay landing field, Sockor

office and stores in Mosselbay as well as most roads in between.

Ccverage at a kx-factor of 1,33 cshould be 96km (86km offshore).
Experience has shown that reasonable commmication can be cbtained most
of the time up to 15Ckm away. _

Coverage profile is shown in fig. 4-5.
4.1.6 POWER OUTEUT, ANTENNA GAIN AND RADIO REGUIATICNS

From the coverage profiles in ammexure B, it can be deduced that in
mny cases extensive use will have to be made of diffraction as drilils
will be located well over the radio horizon. This implies that a
cambination of low frequency VAF and high ERP (Effective radiated
power) will have to be used.

Calculations, using formlas as discussed in section 4.1.3, lead to the
conclusion thatpmrlevelsof?SwattooupledtoantermgamondB
will have to be used for landward stations.

The licence section of the Post & Telecommmication (P&T) has a policy
(as a result of intermational agreement) that ERP on VHF below 50 Mhz
will be limited to 14,8 dBW. (Nommally 15 Watt RF power into a 3 @B

antermmay) . The P&T radio requlatory department indicated that they
would be very reluctant to exceed this value.

Most VHF radio equipment available in South Africa has only been
approved by the Post & Telecommmication Iaboratories up to 30 Watt RF
power output. This means that if Soekor wants to use this equipment at
higher power levels, it will have to be tested by the P&T laboratories
(FOTLETIN) for higher power certification.

Iow band VHF antermas witha.géjnondBwillbelaxgearﬂmagainly
and thus very difficult to handle, transport and erect. Wirndloading is
also very high due to the large physical size.

On solar/wird-power sites the high pwercxxﬁmnphmmllreanea
very langearﬂexpmswepwersupplymstallatlon Twelve to fourteen

solar panels may be required.
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Fig 4.5
Path Profile Chart
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It was further calculated that maintenance costs would be R66 000 per
year at present cost (this excludes salaries!).

Lasl:but:mtleast, is the fact that in many cases, the only carrier
circuit available is the SOR18 rural autamstic carrier type (i.e.
Nebabeep, Ieliefontein and Gifbery). This system uses "“in-band
signalling™. Thus the PET control signal will be superimposed on the
audio of the speech. This causes interference and a distortion of the
speech (the PT remote comtrolled VHF-Marine station at Doringbaai
suffers from this problem).

4.2 SATEIITTR

Of all systems the only viable ane for marine use is the INMARSAT
system. '

The INMARSAT system, operated by the International Maritime Satellite
Organization, provides reliable and high-quality, glcbal maritime
satellite camumication, unaffected by weather or ionospheric
disturbances.

The operating cost is shared between participating comtries to hold
actual call costs to the lowest possible values.

DMARSAT commmication satellites are placed into geostationary orbit
and have fixed zanes of coverage (see figure 4-6). Two of the three
cperational satellites can be accessed from South African waters. For
each satellite in operation there is a spare unit already in orbit.

The satellites of interest to us in South Africa are:

a) Aflantic ocean region satellite at 26°W, with a spare unit located
at 18°30" West.

b) Indian ocean region satellite at 63°E, with a spare unit at 60°
East

Vessels equipped with INMARSAT sShip Farth Stations are capable of
telephone and telex network as well as other similarly equipped ships.
The quality of cammmication is not dependant on distance between ship
and coast earth station, the only cordition being that they are both
within the boundaries of an INMARSAT ocean region (i.e. have a "“view"
of the same satellite).

The following services are provided by the INMARSAT system:
a) Distress, urgency ard safety cammmication.

b) 'I!ele};hony
c) Telex

d) Telegram
e) Facsimile

£f) Medium speed data

g) High speed data

h) Information and assistance service (i.e. Medical advice)
i) Slow scan television.
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EheDMARSATsystanseaearthstatmhstrarsmitsinthefxequa'cymnge
1636,5 mztolﬂsomzarﬂzeceivamthethemgelsssotomas
Mhz. Atctalof339d:amelsismmllyava11able.

Most installations use a parabolic dish antenma of 0,9m in diameter
housed in a radame for protection against the elements. The antemna is
stabilized =0 as to be constantly aligned with the satellite. Tracking
information is derived from the ship's gyrocompass.

High data speeds up to 9600 baud can be handled by the satellites.
Unfortimately the mmaltele;honecmtusedfrunthe&asialiarth
station to one's destination can only support 2400 baud. If higher

speeds of operation is desired, spec:.alh:.gh-speedca.mu‘l’smstbe

Power output (EIRP) is mmlly abcutBﬁdHi,ofth:.sabthOdBls
derived fram antemna gain.

Sea earth temmalsmaybeeqm.gpedmthunmmbexs thus independent
part:.esnayshareatemmalbutrecelvetheucansarﬂamrts
sepamtely(ﬂ:etemmlcznonlysumortmcallatatme)

InScxIthAfncanmterselghtcoastalEarthstatJmmaybeused,
namely:

Via Atlantic ocean Satellite: Southburg (U.S.A.)
_ Goonhilly (U.K.)
Fucino (Italy)
Pleumetr Bodou (France)
Tangua (Brazil)
" Via Indian Ocean Satellite: Yamgudn (Japan)

Eik (Norway)
Thermcpylae o {Greece)

Normally the most cost effective route for calls to South Africa is via
Goarhilly. Calls cost $10 per mimite. Most Coast Earth Stations offer
a reduced night rate. This may be used to considerable advantage by
callers fram the South African area. 2As an example, Southburg's night
rate lasts until 12h00 local time, thus covering almost half the local
working day. They offer a rate to Britain and Western Burope at
$4/min, with calls to South Africa being $5/mimite. _

By exploiting the ™Night rates" of different statians, same 14 out of
thez4hmnsmybeatredxnedrat$

4.3 HIGH FREQUFNCY

High frequency radio systems using the bands from 1,6 to 30 Mhz have
been popular since the 1920's in applications vhere relatively long
distances mist be covered at a relatively low cost under relatively
light traffic load. Recent advances in satellite coommications have
uswrped many of the traditional a;pl:.catlms, but camemication by
satellltetendstobeexpens:we.
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The behaviour of HF-signals deperds on the heights and densities of the
layers of ionised gases which camprise the ionosphere. The gases in
the earth's upper atmosphere are ionized by radiation from the sun.
The energy from this radiation is able to release electrons from gas
molecules so that they become positive gas ions. The mmber of ions
formed depends on the intensity and duration of the radiation from the
sm. Thus ion formation vary with the seasons as well as a 11 year and
cther cycles.

The ions are more dense at certain layers that others, so that
different layers form. These layers are not sharply defined and also
varies in height with seasons and time of day.

The layers of most interest are:

D layer: Virtual height 80km. Reflect low frequencies. Useless for
HF cammnication and may introduce attermation.

E layer: Virtual height 110km. May at times be used for
comumication below 4 Mhz. May become very highly ionized
("sporadic E") and reflect even VHF signals. During this
activity HF cammmication may be disturbed or even totally
disrupted.

Fl layer: Virtual height 190km. Maximm single hop range 3000 km.
F2 layer: Virtual height 350km. Maximm single hop range 4000 km.

During the night the D region disappears, the E layer move upwards to
about 150km and the F layers combine.

Single hop propagation is the desired mode for Soekor's HF
commmication. It glvnﬁhlghsmnalleve]sarﬂmtsohlghlysuspect
tofadlrgardcumdlsunjaamasasmltlplehopmagatlm

4.3.1 TELEPHONY

ﬂhemodermuseda]msttmlvexsallyform‘tele;hmxylssmgle
sidebard (SSB). '

The main advantages of HF systems 1lie in the ability to provide
cammication over great distances at low cost. This makes HF ideal
for commmication between remote islands, settlements, camps and
expeditions where the density of calls is low.

one of the major applications of HF is in the Marine field. The
INMARSAT system and VHF has made imroads inmto HF bat it is still in
extensive use over the frequency ramge of 1,8 to 30 Mhz.

Perhaps the most limiting disadvantage of HF is the fact that for each
voice or data chanmel a sesparate frequen:ym:stbeass:Lgned This
makes it impossible to carry high volume telephony circuits via HF.
Therefore HF is now only used for remote areas with low density traffic
ard no longer for high density international circuits.

HF pom-to—pouitlnﬂslsst:d.lectermvelyused in the South Pacific,
SmthAﬂantlcaﬂcermJnAm::anareas
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4.3.2 TEIEPRINTER

The simplest form of data commmication, namely morse code telegra;i:y,
used simple on/off keying.

Onfoff keying is mnot a satisfactory method of transmitting radio
telegraphy as it is difficult to detect the "space" when background
noise is high. The most comnon alternative method is Frequency Shift
Reying (FSK).- With this method the RF carrier is shifted a small
amount, thus two distinct frequencies are used for "mark® and “space.
ﬂhlshastheadvantageofhavimafomofﬁequexnydiversity,as
intelligence may be cbtained either fram the "mark" or "space" signals.

Originally shifts in excess of 1,5 KHz was used, but later 850Hz. With
the introduction of operational amplifiers, excellent audic frequency
filters could be designed, meking narrower shifts practical. Although
400 Hz is still in use, 170 Hz is now almost universal.

One of the major advantages of SSB transmitters is that any tone
applied to the microphone appears as a RF output spaced a certain
distance from the assigned "carrier® frequency. Thus two tones from a
telegraph Xkeyer fed into a SSB transmitter will give two FSK
frequencies.

Similarly FSK frequencies tuned by a SSB receiver will appear as two
tones in the audio circuits after cambination with the Beat Frequency
Ocillator signal. By tuning "up" or "down® the audio values may be
varied to suit the demodulator in use. Thus the intelligence may be
detected as long as the "mark" and “space" is in correct spacing to
each other. Spacing  within the assigned chammel bandwidth is of
little importance.

Radic teleprinter operation lends itself to a mmber of error
correcting codes. The most camon in South Africa is autospec and AR).

Auntospec is in very limited use, only being used on three circuits by
the Post & Telecammication stations at Olifantsfontein and Derdepocrt
(ZUD) fortbeneptofmwlmentalaffausmmlcatammthbasesm
Antarctic, Gough and Mardion.

ARQ is now in widespread use.

This code was developed from the 5-bit Baudot Code by H.C.A. van Duuren
in the late 1940's. This is an error detecting code utilizing seven
bits for each symbol, but of the 128 cambinations that exist, only
those containing 3 marks and 4 spaces are used. These are 35 of these,
so the 32 characters ard cm:tmlﬂgnalsoftbealtﬂ'-zmmnbe
accammodated.

The advantage of the ARD system is that it offers protection against
single errors. If signal arrives so mitilated that some of the code
groups no loger represent the 3:4 ratio, a repeat (ARQ) signal is
generated by the receiving station and the mutilated information is
retransmitted.

The disadvantages of 2ARQ over Baudot is that it contains 7 bits per

character as to the 5 bits of the Baudot code and two frequencies are
needed for it's operation.
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British radio amateurs developed a single frequency telex system known
as AMIOR.

Basically this system sends a few characters (normally three) and then
switches to receive to dbtain a clearance or repeat from the receiving
station on the same frequency. It is thus basically a single freguency
ARQ system.

The major advantage is that the system's equipment requirements is very
modest.

SHTTOR. It sees a fair amount of use arcund the British Isles.

4.3.3 DATA

High-speed data is not possible on HF. This is simply because the
bandwidth available on HF is limited. Until recently the only systems
in use were teleprinter systems, but lately “packet radio" 'appeared on

the scene.

In contrest to conventlmalRa&.oteletype(RrIY)thepadcetprotocol
has many advantages. These advantages can improve data commmication
by_pzvvm:mg errar-free message transfers and also better utilize

Standard RTTY has no built-in error correction. If the signal fades or
is jammed during trarﬂussm, then allorparl:ofamessagemybe
garbled or lost.

Fonvaxdermrcurrecting(EEC) does provide a certain amount of
carrection or at least irdication of errors. The "Autospec” system for
instance, provides forward error correcting and if a received character
Jssomtﬂ.atedthataftesrtwosetsofcmparlsmsltcamntbe
reconstructed, a space is left in the text in place of the character.
This alerts the human operator to the fact that a character has not
been received. It is egpecially useful when the received message is
not in plain text (e.g. meterioclogical codes).

Under severe static conditions, like weak signal reception at night, a
large amount of errors are still present.

AR) is a superior system, but needs two-way operation to function.
Most errors are taken care of, only the very few with the ratio 3:4
slipping through.

The packet radio protocol uses a 16-bit cyclic redundancy check code
that is appended to each packet transmission. The receiving station
creates it's own 16-bit code fram the received package message and
campares it to the transmitted 16-bit code. The receiving then sends
back an acknowledgment or a negative acdknowledgment. The sending
'paCkEt- )

A major advantage of packet over RITY is the frequency sharing
capability. The system uses time division miltiplexing to let many
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The major advantage of packet radio over teleprinter is that it can
transmit the full ASCIT character set. Thus non-text information may
be exchanged error free (i.e. comuter files, formatted documents,
spread sheets, data bases and even graphic pictures).

Other advantages includes "digipeating”, i.e. any station can cperate
as a repeater, as well as "store and foarward" operation. This
increases the range of operation.

A packet system may becmpxterormm—processordrlven, utilizing
- such techniques as UHF/VHF/HF radio system selection, or HF adaptive
scanmning.
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. CHAPTER 5

From the study done, the following conclusions can be drawn:

1.

2.

7.

Existing techmology and infrastructure can be used to solve
Soekor's commmication problems.

' The most viable modes are HF-SSB, HF-Data, limited VEF-FM and the

TNMARSAT system, .

The gecgraphy and distances from Cape Town as well as the need for

reqular relocation makes the large-scale use of remcte VHF
eqtn.l:menl:m;n:actlcalr
Existing infrastructure, especmllythatofthepost&

Telecammmication may be used to campliment a private system.

It will be possible to design a reliable low maintenance system
that will fulfill all present needs and can be expanded to meet
future needs.

The system can be implemented using "in house® labour and/or local
(Cape Town based) expertise.

A large mmber of "“paths" may be established so as to facilitate
redurdancy. The system will be able to have a life-span well in
excess of ten years, '
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CHAPTER 6
FINAL, SYSTFM FOR ITMPTFMENTATICON

After shddy of Soekor's needs in respect of cammmication and of viable
options the following overall system was decided upon:

1) HF-SSB voice system.

2) HF-Packet radic system.

3) INMARSAT Satellite terminals
4) VEF-FM link (South coast only)
5) Normal marine HF and VHF

6)  VHF-AM Air radio

7) Vorkboats

ﬂhesub-systemswiumnplemmtarﬂactasabadcuptoeadiotherin
case of failure.

6.1 HF-SSB VOTICE

This will be the main speech chammel between oil drills and Soekor's
Headquarters, as well as stores, Mosselbay office and George helicopter
base.

It is a straight-forward SSB system utilizing HF.

One set offrequencmsstretdnn;overthespectnmzstonsmm
untilized as "Ycalling™ chamel. This is monitored by all stations

mentioned. If a message or conversation is going to last more than a
few mimites, the call is moved to a "working" chammel, leaving the
vealling® chammel free for other users. Working charmels stretch from
3 to 9 Mhz but will change with operating range from Cape Town. (i.e.
we will "returm" chammels and cbhtain new ones as needed from the Post
Office).

navigation department, workboats, seismic ship and even helicopters.

The system has been so configured to be easily workable by
non-tecdmical persamel.

Upon my appointment to Soekor I found that five types of radio were in
use on HF-SSB, namely Motorola, Transworld, Scientific Radio, Sailor
and Sait (Skanti). To standarise as far as possible it was decided to
use Sailor at sea and Transworld for land stations. This eases
maintenance ard spares logistics.

one of therequumrtsfortheequlpmentnzstalledatseawasthatlt
mist be capable of acting in the full HF marine role as well (covering
all marine frequencies and having auto alarm while capable of operating
off a battery system).

The Sailor 1000B system with the "free-rurming" option was decided on.
These sets operate from 24 Volt DC and incorporate the standard marine
distress alarm. They were ordered with optional lower sideband
installed, as the latter is available to Sockor for use on our
(non-marine) systems. Battery back-up is provided (see Ammesaure C).
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The space constraints on the drill forces the use of a vertical anterma
African mamufactured ZS Flectroniques XWBDR400 vertical whip. The
satisfactory (figure 6-1). :

Tests were done on oil drills to determine enviromental noise levels
as no figure could be dotained in publications for electrical noise on
drlllsmthexadlospectrmn

The maximm noise power encountered on the drills was in the 3 Mhz
region vhere it reaches ~105 dBW. (50 uVolt on a 50 O anterma system).
This was on one particular drill and due to ane particular AC drive
unit. This particular noise was bands of energy 100 XHz apart and
moving across the spectinm, so that lower level sigrnlsowldbe
urderstood most of the time. Fortherestthemmepcwerdldmt
exceed ~107 dBY (32 uV). See figure 6-2.

Ihdioq:emtorsonthedrﬂlsreportthatthemisemthelm
frequency is occasionally a miisance but normally signal levels are so
high that they override the noise.

landward stations may only make use of pre-set chamnels, but the
ability to programme them locally was seen as a major advantage over
crystal charging or new PROM integrated circuits. 'Ihiswasthemm
reasmfordmosmthemmwstan

A further advantage of the systanlsthatltcorslsisofaloovlatt
exciter driving a 400 Watt linear amplifier. Thus if the linear
amplifier fails the signal will drop by 6 dB but a station will remain
on the air. The 100 Watt transceiver section can also be operated on
12V battery power (see ammexure D). The three "working chamels" use
split-site receivers ard transmitters to reduce interference. :

The units include a telephone coupler so that the system can be
room. '

The anterma is a three-wire travellirng wave dipole system of 46 metre

overall length. It is mounted on a 22 metre mast standing on the roof
of the Soekor Building.  The roof is 1600 m* of earthed metal, thus

providing an accellmtgranﬂplaneloczrtedwellabovethes&mﬂug
area. This roof is a stable granﬂplamthatdmnotvarymth
season, rainfall, etc.

The transmitters ofthe"‘mqmd)armels"beuglocatedsanedlstance
from the main buildings in a comtainer, use three-wire travelling wave
dipoles on 36m high masts, This places all antermas at the same height
above groumd. '

The cmﬂgmﬁmhasah:@take—offalgle a:actlyma:tdungthereeds
oftheramasofcmmmlmmthatarespamxed

6.2 HF PACRET RADTO SYSTFM

the military.
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XWBDA
DIELECTRIC WIDEBAND HF VERTICAL ANTENNA

LOW ANGLE OF RADIATION - IDEAL FOR MEDIUM TO LONG RANGE
COMMUNICATIONS

1,5-30 MHz WITH NO TUNING. VSWR BETTER THAN 21 ACROSS THE BAND
POWER RATINGS OF 150, 400 ND 2000 PEP

ANTENNA ELEMENTS FIBREGLASS ENCAPSULATED

OVERALL LENGTH WHEN ASSEMBLED 7 METRES

MAXIMUM LENGTH FOR ‘I'RANSPORT 3,5 METRES. MAXIMUM ELEMENT
DIAMETER 40 mm

THE XWBDA SERIES OF ANTENNAS USE A DIELECTRIC PRINCIPLE TO
OBTAIN VERY WIDE BAND MATCHING TO RADIO EQUIPMENT WHILST
HAVING A LOW OVERALL SIZE. THE ANTENNA ELIMINATES ANTENNA
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FREQUENCY RANGE: ' 1,5-30 MHz
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MASS; : [ Kg
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The Cape Provincial 2Administration has attempted to use packet radio
for civil defence using equipment marmfactured mainly for the amateur
radio market. The technical complexity of the equipment plus persamel
tirmover defeated the administration's non-technical cperators.

Far Soekor's system it was decided to lock for a system that required
no radio expertise from the system operators (basically a "fit and
farget" system).

The only system that could be found was the Scientific Radio packet
data system. This system makes use of an IBM campatible computer to
cartrol the radio equipment. The oomuter user thus need not
understand radio equipment, radlo;n:opagatmetc to successfully use
the equipment (see annesarre E).

The SR-812 HF system utilizing the SR-380 1l00Watt transceiver was
selected so as to make a HF "Wide area network®.

Initially three stations will be installed on the drills and one at
Soekor HQ in Parow (Cape Town). Similar anterma configurations to the
SSB voice system are used (travelling wave dipole in Cape Town ard
Wide-band whips for the drills). 'The system is so confiqured as to
self-sclect the operating frequency through a call and scaming
process, Therefore wide-band antennas are a must.

6.2.1 SOFIWARE

The commmication software package is located on the hard drive in a
subdirectory. The software program automatically boots (loads) and
rnms whenever the computer is turned on or reset. The program is mem
driven, providing the operator with "user—friendly" information about
system status and operation. The software will be installed by a
trained technician prior to adding the station into an existing
network.

The cammications scofiware package allows the operator to send a
message, one line at a time or as camplete files (documents) to other
stations. The mermm driven screens provide the operator with
instructions about the operation of the system. With little or no
training, an operator can send a message to ancther station with no
knowledge of the radio system used to transfer the data. Messages can
be autamatically printed on paper or saved (as a file) on the computer
hard drive.

The cxmp:ter controls the network, radio equipment and message
processing. ’Ihesystenoperatashkeateleﬁnnenetwork,callngani
cormecta.ngw:.th astatmbeforeexd]angugnessagas If that station

busy or does not answer then the operator is notified in plain

languageabcs.rtsystansl:ams

The comuter can be milti-tasked. Received messages will be put cut an
the printer while the caomputer is in use for other tasks. Message files
may also be loaded to or from "floppy-discs" while transmission or
reception is in progress.

The Software had to be adapted as Soekor uses EPSOM computers. The
printer addressing differs from the stardard IBM as does certain video
screen functions,



39

6.2.2 HF FREQUENCY SELECTION

The data system provides an adaptive HF feature in packet mode. When
the Adaptive feature is selected, the station can autamatically find an
HF frequerncy, from a list of pre-installed frequerncies, that will allow
cammication.

The adaptive HF feature can be selected from the OTHER Functions mem
(fron the Help Merm) or can be pre-installed to automatically be
. selected upon entering Commnicate mode from the Main Mermi. The latter
was selected for the Sockor system.

There are separate lists of allocated frequencies allowed for each
station. When receiving in the adaptive mode, the system scans the
stations list of allocated frequencies. When “calling” or attempting
to commect, the system uses the allocated frequencies for the selected
destination. Normally these frequencies would be the same in receive
and transmit scaming but in complex networks they may differ to
sub-networks within a large network.

The comuter controls the HF transceiver frequency and mode via an
RS-232 link. The computer also controls the receive dwell time and
asserbles and disassembles Packets, Xkeys the radio, and provides the
“selcall® function. :

In Adaptive mode the system is using the Packet protocol comnect status
as a "Selcall" for frequency scan stop. The receive dwell time is
about 7 secords per chammel. This allows for 2 call attempts on each
chammel per scan. The transmit (or calling) end will try "X" times on
each chammel before giving up. The mmber of attempts (X) for each
charmel is twice the mmber of installed charmels. There are about 3.5
seconds between each camect attempt., This scheme quarantees at least
one valid attempt per chammel dwell time.

In HF propagation paths are always changing. Time of day, season, sun
spot mmber and miltipath conditions are just a few examples of
phenomena that can  impair commmications and cause destructive
imterference between stations. The Adaptive HF feature in the data
system can automatically select a suitable charmel for commmication.
This automation makes HF radio almost as easy to use as dialling a
telephone. A trained operator is no longer required to establish a
link by finding an open chammel to establish contact or selecting the
appropriate freguency for the time of day. Placing a call is as simple
as selecting a destination and pressing the "Enter" key.

In practice we found that intermal programming of the Terminal Node
Controller (Modem) between the camuter and radio an board the drill
suffers from corruption due to fluctuation and noise on the mains
supply. This happens as soon as drilling is in progress. A Constant
- Voltage Transformer (CVT) was inserted mthenalrnspcwerss.lmlyto
overcunethlsproblan.

6.3 JNMARSAT SVSTEM

The tlhree oil drills will each be equipped with a Marconi Marine
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Ocearray 2 shipboard earth station (see amexire F).
The terminal will be eguipped for Voice, Data and facsimile.

The voice facility (telephone) will only be used in the event of a
total failure of the other voice commmication modes, i.e. the
HF-SSB,VAEF-FM and normal marine chammels via coastal stations.

The terminal will be equipped with a 2400 baud Quattro modem. This
will be used for wgent high-volume data ard as a back-up for the
package radio system.

The facsimile facility will mainly be used for graphic data such as
ergn;eermg drawings that can not wait until the next helicopter flight
(i.e. in the case of a breakdown). ,

Furthermore the facsimile will act as a further back-up in case of
failure of both data systems.

']he terminal will normally be locked for outgoing calls, ane key being
kept by the Captain and the second by the drilling engineer.

6.4 VHP-FM LINK

This is a refumrtoftheorlgmalVHFsystemandelmﬂybeused
on the South coast to cover the Knysna to Witsand region.

It consists of two indeperdent systems made up as follows:

6.4.1. System ane oconsists of a repeater on the foot hills of George
Peak (33°56' South 22°28' East) operating around 150MHz. The
base station for this system is in the Soekor office in
Vocrbaai at Mosselbay. (34°09' South 22°06' East).

6.4.2 System two is similar to system one, except that the repeater
on George peak is linked on 450 MHz to Riverdale where a second
repeater around 150 MHz is activated (again a 30 watt unit with
a 6 dB antenma) .

6.4.3 Bothsysta:sareaccaﬁsedmtheseorge/}bsselbayamaby
handheld and wehicle radios during helicopter operations, to
cammicate with the drills, Soekor office Mosselbay and
Soe]m-mmpeibwnaqutcrewd:am%,helicopterloads,etc.

Both systems give full (1003%) coverage up to 100km cut and variable
commmication up to 150km.

The console in Cape Town extends to a large mmber of special handsets
"desk to drill" commication. The system also interfaces with the
PABX but then the call switching is then controlled by the console's
operator.

6.5 NORMAL MARTNE HEF AND VHF

The drills contain a full shipboard installation consisting of two HF
transmitters and receivers (main and emergency unit - the latter with
battery back—up).
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The normal marine calls as well as private calls home by crews are

In case of failures of the Soekor HF and VHF, calls are made with the
marine sets via a P&T coastal station through the telephone system.
This is the wvoice back-up prior to satellite as the cost of calls is
about 5% of satellite costs.

At times the VHF conditions on the South Coast is so good that the
coast can be reached and calls placed via Port Elizabeth radio (Z5Q),
from west of Mosselbay. 'nnsredlmthecosttocallers,plusglw:g
be'l:'l:ervomeqaallty

6.6 VHF-2M AJR RADIO

All the drills are equipped with a s=mall air-band VHF redio for
camemication with bhelicopters serving the drill. A range of 60-70 km
is usually cbtained with this mode of commmication.

The heliccpters are also equipped with marine VAEF-FM and a greater
range 1is cbtained with this (90km). This is due to the higher power
used and the gain anterma enmployed on the drill.

Sane o©of the helicopters also have HF-SSB working into the Soekor HF-SSB
calling chamels.

6.7 WORKBOATS

Each drill is attended by a workboat (tug) acting as a guardship while
other warkboats carry cargoes to and fro fram port.

Each workboat has marine VHP-FM, marine HF-SSB as well as the calling
frequencies of the Sockor HF-SSB system.
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CHAPTER 7
ON-CGOTNG SYSTFM OPFRATTON

Unlike a VHF/UHF system, a system primarily based on HF can not be of
the "fit and forget" type.

The use of ungualified radio cperators on the landward side means that
they must be quided through the intricacies and variations of a HF
system. Furthermore the HF bands are in a constant state of change due
tothesmspotcycle,solarﬂares tmeoft‘neyear,tmeofdayarﬁ
- even weather conditions.

To compourxd these problems, a drill's position changes on average every
cther month, mobile land stations cperate from different positions and
thesh:psarﬂa:rczaftmthesystemaremmtlm

Thus the operators have to keep track of a vast mmber of variables
that will soon defeat them if clear guidelines are not laid down. The
fuli-time operators still has a "“feel® for changing corditions, but the
occasional operators find themselves completely lost if they are not
given guidance.

One might find a person maintaining a navigation beacon camplaining:
"Tast time 4Mhz worked fine from Hondeklipbaai, but now I get no
comumication!®

The person camlaining does not realise that "last time" was several
months  ago, mtatthesametlmeofdayarﬁthatdnlllsrmmokm
away against the 100km of the previocus occasion.

The operational guidance of the system has thus been divided into two
 camponents, namely the "Static" and "Dynamic".

7.1 STATTC PROPAGATTON FPREDICTION

The basis for this is the very good propagation curves published every
month by the Department of Micreelectronics and Commmications
Technology of the CSIR (see anmesaire G).

From the plamed activity programme for the next month the relevant

parameters are selected to produce a set of frequencies for use during
the caming month.

A comnon ompranlsefrequencylscalaﬂ.atedthatlstobemtoxedby
all parties. This set of frequencies is calculated in such a way that
any station in the system should be able to "raise" any cother station
at any given time. The given frequency is thus a trade—off between
distant alﬂclose—bystatlms,aswellasbetweenstatlcmsmngugfmm
18 to 400 Watt ERP.

&neommmmtlmhasbeeneﬁtablishedthestatimsmayselecta
better frequency fram the list or operator experience. However, when
the cantact has been concluded, all parties must rebrm to the
monitoring frequency and keep a listening watch.
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The coamon monitoring frequency works very well, as one can always use
ancther station to attract the attention of the wanted station, either
using the same frequency or ancther system. In this way several
"paths” are available to "set-up” a coontact if necessary. It also
enables an occasicnal user to join the system at any moment in time.

7.2 DYNAMIC PROPAGATTON PREDICTTON

This takes two forms, flrstlytherezstbecmstantevaluatlmofthe
results, via personal monitoring, log-bodckeepugbytlmmmstatlms
amd regular personal cowversations with the operators. This
information is used to tailor the monthly predictions in light of

The second is an "off the air" monitoring programme of station WWV in
Boulder, Colorado USA.

One of the most useful developments in the study of the sum's effect on
radio pcropagatlmwasanoffshoctofRadardevelopnentmcanadadurm
the second worid war. This was mostly due to work done by A.E.
Covington for the National Research Council of Canada.

Covington foumd that when solar noise at 2800 MHz was measured the
amplitude of this noise corresponded to the Zurich sunspot mmber (Wolf
mmber). - These two factors tied in with the ionization density of the
F2 layer and hence with the maximm usable freguency (see fiqure 7-1).

Accurate measuring equipment was developed and contimious monitoring of
wvhat is now called solar flux was started in‘1947. For some years nhow
this 2800 MHz data (now known as the Ottawa figqure) has been measured
at 17h00 GMT amd sent autcmatically to Boulder in Colorado, USA. From
here it is sent out again at 18h00 GMT by station WWV of the National
Bureau of Standarxds (U.S.A.). It is part of a brief propagation
bhulletin carried in the "Geo alert"™ slot at 18 mimmtes past the hour.

Unfortinately station WWV is rarely audible in the Western Cape region
in the evenings. Signals are fairly low level and cbscured by cother
time signals. Tus the information can usually rot be taken down here
before the next morning when the Ottawa data is some 14-16 haars old.
Station WWV is even poorer during wintertime when short-path
. propagation from the USA is very bad. Regrettably the sister station
WAVH in Hawaii that is very strong all day on the long path in winter
does not carry the "Geo alert”.

Still enocugh useful information can be extracted to make it a most
useful short-term propagation tool.

The hourly bulletin gives:

a) Solar flux (Ottawa mmber)

b) Geomagnetic A index.

c) Boulder K index.

d) Brief statement of solar and geomagnetic activity in the past 24
hoars.

e) Predicted solar and gecmagnetic activity in the next 24 hours.

(@) and (b) are changed at 18h00 GMT and the others are updated every
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three hours (03h00, 06h00, OShOO GMT ....... ).

The easiest parameters to use are the brief statements (dte). Although
this refers to the Boulder (Colorado) area, one can compare the
statement of Boulder activity with one's obsexrvation of cnes own
location. Keeping the comparison in mind, one can now draw conclusions
for ane's own area from the 24 hauwr forecast given by WAV,

The solarﬂm{canbeusedtokeeptﬁrackwiththesmspotmmbers(ﬁg.
7-1). This is the most up to date way to cbtain the sumspot camt
cother than observing the sun (by projection) and keeping cne's own
records.

The mext step is to chart the solar flux, A-index and K~index on a
graph on a daily hasis.

It will be noticed after a few months of graph-keepirxy that the three
parameters tends to peak at 28 day intervals. This correspords to the
sun's rotational pericd.

During periods of high values, disturbances may occur. Operators are
thus advised to try and clear as mich traffic as possible before a peak
is reached.

Solar flares can also be detected up to 36 hours in advance. Sudden
bursts of solar activity are accompanied by ejection of charged
particles from the sun. They normally reach the earth's atmosphere

24 to 36 hours after the ocuthurst.

Major flares are ammounced by station WWV. The timing of the flare is
amounced and the flare is given a rating. Same hours later, if the
particles are intercepted by Geostaticnary satellites placed in orbit
solely for this puarpose, a "proton event" is ammounced. Due to the
reception delays, it is normally only possible to issue a 12 to 24 hour
warning.

First indication that samething is about to happen is a rise of about
10 points in the solar flux value. This means an increase in maximm
usable frequency, thus better long range commmication and degraded
night-time local operation between 2,2 and 4 Miz. This conditions is
exploited to rum hlghqualltyxadlo-tele;i:meczllstof‘rarnearﬂtbe
U.K. for crew members who reside in Eurcpe.

The above is supplemented by propagation wamings received from the
Magnetic Gbservatory of the CSIR at Hermanus.

On several occasions however, the WWV data gave warning more than 24
hours before Hermarms.

received fram WV (i.e. in the winter months).

Inthenearfumreitisintaﬂedtoevaluatecertaincxmprter
programme packages, with the view to using these programmes to rapidly
disseminate data so as to assist in prediction and propagation
warnings. ;
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7.3 OPERATORS

Coupled to the prediction service is constant pressure that has to be
brought on certain operators that ignore laid down monitoring
frequencies and simply change frequencies ocn Pgut feel". They regard
propagation predictions as Ybone throwing” amd of no value., However,
the results are starting to cowvince most of them that a viable case
can be made for using predictions.

On the other hand, the better operators provide a constant stream of
feedback, such as cbservations, suggestions and prabing
tought-provoking questions. This has resulted in an accumlation of
- experience, that is used to tailor predictions and operating
procecures. This results in day to day improvement of overall system
operation.
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ANNEXURE A

ATMOSPHERIC STUDY RESULTS
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ANNEXURE B

VHF SITE SURVEY
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1. ILekkersing

This is a 70lm high peak in the Richtersveld mountains near the
settlement of Lekkersing and 30km from the coastline.

The site is inaccessible by motor vehicle and not practical to reach on
foot. The only practical method of reaching the site is by
helicopter. The peak has a flat top about 175m in diameter, making
helicopter approach easy, but is rocky and uneven, but a landing site
can be cleared.

No mains power supply exist. The area receives an average solar
irradiation of 800 kJ/ar, and is thus an excellent proposition for a
photovoltaic power system.

The meteorological station at Port Nolloth some 34km away has a mean
armmal windspeed of 3,1 m/s. The Iekkersing site is not on the coast
as is Port Nolloth, but against that we have the fact that it's
elevation is 701m above sea level against the 4m of Port Nolloth. Thus
the same sort of mean anmual windspeed can be expected. This is bom
out by the fact that 0O'Okiep deeper inland has a mean armual windspeed
of 3,3 mys.

Windspeed in the 3 to 4 ny/s range is not considered high enough for
primary power, thus this site is good for solar (photovoltaic) primary
power with a wind charger for occasional "boost" charge at times of
high winds. '

Ko infrastructure of any kind is in existence.

Coverage from this site at a k—-factor of 1,33 will be 106km, thus 76km
offshore.

Coverage profile is shown in figure B-1.
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2. Nababeep

This is a 1313m high peak in the Spektakelberyg mountains near the town
of Springbok and 75km from the coastline.

The site is accessible by a poor road. It is already occupied by the

SABC, P&T aryd several other users.

Mains power can be obtained from the SABC and antermas may be placed on

their tower by approved users.

At time of writing rental of site cost R100 p.a., power R600 p.a. and

use of the SABC tower R500 p.a.
Private users must erect their own buildings to house equipment. Due to
fog, buildings may "leak", not withstanding the dry climate. It is

essential that roof openings be well sealed.

Coverage fram this site at a k-factor of 1,33 will be 145km, thus 70km

6ffshore.

Coverage profile is shown in figqure B-2.
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3. Ieliefontein

This is a 1525m high peak in the Kamies mountains near the village of

Kamleskromalﬁsslmfrmthecoastllm

The site is accessible by a fair road. It is already occupied by ESKM

who have allowed SOEROR to use it's building and 24 metre high mast.

Solar irradiation is high (800 kI/cw’) and ESKIM use only photovoltaic
power. Soekor has used this site with a photovoltaic system to power a
34/41 Mhz system with no power supply problems, notwithstanding the
fact that a very small solar cell system was used.

Wind is very 1light at most times and not considered a practical

propesition.

Coverage from this site at a k-factor of 1,33 should be 156km, thus
88km offshore. We used this site to commmicate with an oil drill
180km away. The antenna on the drill was placed 28m high. Thus the
k-factor became 1,35. However, most of the time good commmication was
not possible. This was in part put down to the mountainous terrain
towards the oocast. Thus an altermative site, namely Toringberg closer
to the coast was also evaluated, notwithstanding that it is at a lower

elevation above sea level.

Coverage profile is shown in figure B-3.
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4. Toringberg

This is a 548m high hill on the farm of the same name of Mr. van
Eeden. It is located near the settlement of Molsvliei west of
Bitterfantein and some 27km from the coastline.

The site is accessible by farm track fram the hamestead of Mr. van
Eeden. No infrastructure exits on the hill but it is a good site for
the erection of towers and buildings. Mr. van Eeden has indicated that
Soekor may occupy the site free of charge.

Jt is located in an area of high solar irradiation (700 kJ/cm’) but
unfortumately located on the edge of the West Coast fog belt. Thus
many haoars of sunlight may be lost. However, next to the hamestead is a
. P&T microwave tower that is entirely solar powered.

The site seems to be perfect for wind power. It is the highest hill in
the vicinity and thus open to wind from all directions. A fairly deep
qully exist up the hill from the seaward side and will help to channel
the predominant onshore wind onto the site.

At Mr. van Eeden's homestead approximately 88m below the crest of the
hill a WG910 (50 Watt) windcharger is erected at low height. (approx
2,5m above ground). This unit charges a 12 Volt battery system that in
ttrm powers the household lights and a portable TV set. Mr. van Eeden
states that this small charger has been sufficient for years and he has
not been left without lights or TV. He states that except for times of
fog, the wind blows at a reasonable rate for most of the time.

There is no infrastructire in existence on the hill.
Coverage from this site at a k—factor of 1,33 will be 94knm.

Coverage profile is given in figure B-4.
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5. Gifberg

This is a 793m high mountain near Klawer, just south of Vanrhynsdorp
and some 40km from the coastline.

The site is accessible by a fair road. It is already occupied by the

SABC, P&T, ESKM and a miltitude of other users.

Mains power is available from ESKM at normal rural rates. Private
users must erect their own infrastructure. At the time of publication
the owner of the site Mr. van der Westhuizen charges R50pm for use of
the site. The SABC mist also be compensated for use of the approach

road.

The site is on top of a sheer cliff face that drops away vertically for
about 400m. Soekor has cbtained the right to place their tower right
on the edge of the cliff, thus making it an ideal VHF site for

“rake—off" towards the sea.

Coverage at a k-factor of 1,33 will be 113km (73 km from shore). This
was borne out by practical tests to an oil drill.

The site is subject to high winds and thus low band VHF antennas are
subject to severe windloading. As a result large aluminium antennas
are easily damaged. It is advisable to use stainless steel antennas.

Coverage profile is shown in figure B-5.
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Fig B-5
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6. Kapteinskcop

This is a high point of 650m on the extreme west of the Piketberg
moamntains sone 21km from the coast.

users have been allowed to use the site. Access is by an excellent
road, but unannounced visits is not allowed. I
Mains power is available fram the Air Force.

Users mast erect their own buildings and antenna masts.

Coverage to the sauthwest is limited by the radome of the radar

station.
Coverage at a k—factor of 1,33 will be 102km, thus 81km offshore.

Coverage profile is shown in figure B-6.
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7. Piketberg

This is an SABC site on virtunally the highest point of the Piketbery.

Accessibility is by a good road to this 1027m high point same 55km from

the coastline.

Mains power is supplied by the SABC at a present cost of R600 per year

while rental of the site cost R100 per year.

Users mist erect their own infrastructure.

The site is slightly covered to the Northeast, but gives good cover to
the Southeast where the coastline is 75km away. Thus this site and

Kapteinskop campliment each other.

Coverage at a k-factor of 1,33 will be 128km if a tower with a height

of at least 53m is used.

Coverage profile is shown in figure B-7.

From the coverage profile it can be seen that the Postberg mountain
(hills} on the western side of the Iangebaan lagocn may present a
problem if a borehole is sited fairly close to the coast and in line
with FPostberg. This will only affect a small arc fram Piketberg (about
8°) affecting an area of approximately 800 k. To cover this area a

site on the Postberg nature reserve was also evaluated.
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8. Fonstabelberyg

This is a 188m high hill in the Postberg private nature reserve on the
small land edge west of the Iangebaan ILagoon.

The hill has a flat +top suitable for helicopter operations. Once a
station has been established, one can drive to a nearby abandoned mine
site amd walk the remaining 600m or so to service and/or maintain
equipment,

No power or infrastructure exist on the site.

The site receives a solar irradiation of about 700 kI/cw but is
subject to fog. The site is open on all sides, while surrounding
- meteorological stations report high average wind speeds, thus one can

safely assume average wind speed of 4 m/s or more, thus making it a

prime wind power site.
Coverage at a k—factor of 1,33 should be 55km, thus 52 offshore.

Coverage profile is shown in figure B-8.
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Fig B-8
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9, Constantiaberg

This is a 928m high peak virtually in the centre of the Cape
Peninsula.

The site is accessible by excellent road. The site was developed by
the SABC and mains power may be cbtained from them. 'The same rates as

Nababeep applies (3.1.4.2).

Coverage at a k-factor of 1,33 should be 121km in a 220 degree arc

stretching from 125° to 345° true north bearing.

Near the site is a Weather Bureau remcte controlled Radar station.
This station operates on a frequency of 5,6 Ghz and radio wave

~ reflection from ships is obtained fram 160 km away.

Coverage profile is shown in figures B-9, B-10 ard B-11( 345°,270° ard
165°) respectively.
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Fig B-9
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Fig B-11
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10. Sneesukop

This is a 1590m high peak in the Hottentots Holland mountain range same
34k from the coast at Cape Hangklip. |

The site is accessible by good road. The site vas originally developed
by the P&T for a microwave tower but several otherusers includmg
ESKOM now occupies the site. Eszmmsirﬂicatedthatsoelmrmaytse

The site suffers from severe high winds and snowfalls. Thus only
stainless steel antennas will survive.

Coverage from this site at a k—factor of 1,33 will be 159km, thus 125km
offshore. | |

Coverage profile is shown in figure B-12.



82

Fig B-12
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11. Soetmisberg

This is a 753m high point in the Bredasdorp mountains near the town of

Napier same 30km from the coast.

This is a SABC site and accessible by a very good road. Power can be

abtained at SABC rates similar to Nababeep and other SABC sites.

Coverage from this site at a k-factor of 1,33 will be 110km, thus 80km

offshore.

Coverage profile is shown in figure B-13
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Fig B-13
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12. Groothery

This is a 1637m high peak in the Boesmansbos Wildermess area near
Heidelberg some 50km from the coastline.

The site can only be reached by helicopter in good weather. The top of
the peak is small and rocky.

No mains power exist. The average solar irradiation is 600 kJ/cn’.
The peak is subject to very high winds. Thus it is suitable for wind
power, but a type of windcharger must be used that can withstand severe
windstorms.

No infrastructure of any kind exist on the peak. The reserve is under
control by the Dept. of Nature Conservation of the Cape Provincial

At a k-factor of 1,33 the coverage will be 162km, thus 112km offshore.
Coverage profile is shown in fig. B~14

A lower peak called Horingberg exist 4km seawards from Grootberg. This
peak offers a small plateau, thus is far more suitable for helicopter
operations.

This peak at an elevation of 1450m only offers 152km coverage. (106km
offshore) .

Coverage profile of this lower peak is shown as a broken line in fiqure
B-14.
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13. Riversdale

This is a high point in the Amandelbosberg about 23km north—west of the

town of Riversdale and 40km from the coastline.

The 600m high hill is a SABC site also cccupied by ESKM and reached by
a good road.

Power 1is available from the SABC at R600 p.a. while site rental is R100

p-a.

Users mist erect their own building. We have found that a proper
building is a must, because glassfibre or similar enclosures is subject
to severe condensation and, subsequently, egquipment in such enclosures
. suffers from all sorts of malfunctions due to moisture.

The site is also subject to fairly high winds, thus doors, etc. on such
buildings mst be of good quality.

The site offers a clear take—off towards the sea and at a k~factor of

1,33 coverage of 98km should be cbtained (58km offshore).
We have found that practical coverage at 150 Mhz extends to 110km while
reasonable commmication is possible most of the time at ranges of up

to 150km.

Coverage profile is shown in figure B-15.
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14. Engelscherg

This is a 152Im high peak in the Jonkersberg nature reserve north of
Groot Brakrivier and 23km from the coastline.

This peak is most interesting as it is virtually on the 22° latitude
and thus in line with a very active oil exploration area.

The peak offers a flat plateau suitable for helicopter operations. It
is possible to leave or approach the site on foot without resorting to
mountain climbing by following a forestry firebreak. This offers a
good Tescape route" for maintenance persommel if evacuation by
helicopter becomes jmpossible due to rapid weather deterioration.

The peak is situated near Mosselbay and George from where Soekor
conducts helicopter cperations at present.

Solar irradiation is 600 kJ/ar and the forestry personnel indicate
that there is always some wind present on the site. However, there are
many days that the peak is covered in cloud.

Coverage at a k-factor of 1,33 will be 156km, thus about 133km out to
sea.

The site is above the snow line and at times above the altitude that
hail is formed. This may result that at times the signals are ducted
above the imnversion layer, while the signals from the landward base
station and the drill's at sea are trapped below the temperature
difference layer. (It may not be a serious prablem for the nearby base
station, but may sericusly affect the drill weaker signal.)

Coverage profile is shown in fig. B-16.
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Fig B-16
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15. George

This is a 576ém high point on the foothills of the George peak in the
Outenikwa mountain range just outside the town of George and same 10km
from the coast.

This was the original site used for the first system as designed by Mr.
van Niekerk and as such Soekor has good infrastructure on the site as
well as a mmber of year's experience of operation from this location.
The site is SABC property and also used by ESKOM, Forestry, SA Radio
league (Amateurs) and a mmber of private users. Access is by a good
road, amd it is even possible to walk there from a nearby railway stop

(Power siding is 600m away).

- The site offers a clear take—off over a wide angle, as well as giving
coverage of the P.W. Botha airport, Mosselbay landing field, Soekor

office and stores in Mosselbay as well as most roads in between.
Coverage at a k-factor of 1,33 should be 96km. (86km offshore).
Experience has shown that reascnable cammmication can be cbtained most

of the time up to 150km away.

Coverage profile is shown in fig. B-17.
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Fig B-17

Wy w w . = 1S | gl
W - w948 022EE 13,82 o 'S5 199 oEE 3bJo3n v
cOH ILOISHINVI(ISDLLEDEH 3N dVYW SZAYNIZED-CD | zLIS ~
le , _
&/ = ISRV = : -
| /5 x. L¥YHI =71d0%d I._.d&_é Wiy oT
° . om A\l.“.l.
: ot_—1T; g
T~ % Ob o8 ou 92 W
3 _. by . ...4 - ! R . il _“ ' " \,
t — + 3 - e T |
_ N N R T BB B et ” -]
‘" T __,”___..p________,___.‘_ _
1 y _ -_-. mﬁ__ v __.- " __ _,
T ] Loyt ' . ” |
e e e e
R t
e A S s _
" — —— T ., “.“,,,.._ - .\ ! .
e S 0 g
) | ! LT T 7 71| | ] i ’
; w LT T T R _
) | T r—— T i) - | .
_ S i R
0 ; I - L] _F. |
_ _ ! N [
_ L1 ”_Il_ _ __”_ #___ " : __ -
¥ )1 _ P [ R [N T [t L
: i t [ ) | [
: Ft v T T [
n i T !
: T i “
< —— -
t

ﬁow



93

16. Iangkloof

This is the highest peak in the langkloofberge, part of the Outenikwa
range same 22km from the coastline.

The actual peak is wmamed and 2,5km seaward of the one known as
Niekerksberg, a prominent landmark in the middel-Langkloof area.

The peak is 1618m high and it's trigonometric beacon makes out one

corner marker of the Reurboomsrivier state forest.

The peak can only be reached by helicopter ard no infrastructiure of any

kind exist.

-The site is suitable for wind energy as prime power and also receives

and average solar irradiation of 600kJ/cm’.

This site may suffer from the same problems as Engelseberg, namely;

snow, high wind and temperature inversion problems.

Coverage from the site at a k-factor of 1,33 will be 161km, thus about

139km offshore.

Coverage profile is shown in fig. B-18.
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17. Cocksconidy

This is a 1758m high peak in the Groot-Winterhoek mountains about 88km
nortlwest of Port Elizabeth and approximately 65km from the coastline.

Unfortunately it is not possible to reach the peak by rocad, but only up

to 1350m elevation. No infrastructure exists.

Solar irradiation is 600 KJ/an® .

Several private repeaters as well as two S.A. Radio ILeague (Amateur)
repeaters are in cperation from this mountain. One of the amateur
repeaters (on 145Mhz) gives coverage to mobile stations up to Graaf

Reinet, nearly 150km away.

At a k-factor of 1,33 the seawards coverage will be 147km, thus just

over 80kn offshore.

Coverage profile is shown in figqure B-19.
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Fig B-19
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ANNEXURE C

QOFFSHORE- HF RADIO EQUIPMENT




"SAILOR” SHORT WAVE PROGRAMME 1000/B

S. P RADIO A/S - AALBORG - DENMARK
©



NTRODUCTION

ne SAILOR short wave pro-
ramme 1000/B has bheen de-
gned and produced by one of
urope’s leading manulacturers
t maritime radio communication
quipment, .

he SAILOR short wave pro-
ramme 1000/8 complies with all
lernational specifications such
s CEPT, MPT 1224 (UK), R.S.S.
g1 (Canada) and R.B. 211D (Au-
tralia). All units, except the
1135, also comply with F.C.C.
ISAY.

FEATURES

@ High transmitter output, 400 or
1260 Watt PEP, automatic
aerial coupler and pro-
lessional  receiver design
ensure maximum range and
penetration under all con-
ditions.

@ Fuil duplex as standard.

@® Automatic radiotelex - even
with one aerial.

@ Unique receiver design en-
ables the slation 10 be opera-
ted without blocking calls on
radiotelex.

@ Rack system ensures flexibility
and ease of servicing.

® Professional, mechanical con-
struction. Nylon-coated cabi-
nel and fron! panel. Al con-
trols in mirror-finish, chromium
plated brass or impact-proof
plastic. Aerial coupler in mir-
ror-finish, acid-proof, slainless
steel. insutator in tefion.

@ Very compacl construction of
stalion and aeriat coupler.

@ Simple to install, aerial swilch
and dummy aerial as integral
parts of the equipment,

lhe SAILOR Programme 1000/B Consists of the

rollowing Units:

[ RANSMITTERS
[he T1130 and the T1135

odes as for exciier.
cad impedance: 50 chm.

ire both fully Iransistorized. Frequency range and transmission

| QOutput:

ransmitter

—

AC supply

DC supply

soowper ¥, QB

soowpep*, Sa

1250wPeP ¥, %08

1o0owper*, QaB

1135
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EXCITERS
51303

Frequency range:

1.6 - 8.5 MHz plus the maritime
HF bands 12 - 16 - 22 and 25
MHz. Continuous 1.6-28 MHz as
option.

‘Transmission modes:

(speech, telegraphy, telex), A3J,
AJA, A3H, F1, At and A2A_ Op-
fionaf switching belween USB
and LSB. Independent side-
bands as option.

Frequency stability:
0°C-40°C, less than £25 Hz.

Long term stability:
Less than £25 Hz.

Short term stability:
Less than +2 Hz.

Rermote conirol from automatic
telex equipment possible.

51304

The 51304 has the same dataas
the §1303 except that the fre-
quency selection is limited to a
maximum of 256 programimed
frequencies.

S1303

AERIAL COUPLERS

AT1500

is used in conneclion with the
T1130. Automalic luning fime is
typically less than 5 seconds.

Agrial length: 5 - 16 melres.

Maximum output: 600 W PEP or
300 W RMS. (An automatic regu-
lating system in the S1303/4 en-
sures thal these values are not ex-
ceeded).

All connections are by meansof a
speciaily developed multiple plug
in the base of the aerial coupler.
(16x0.5 multi-cable + 50 ohm
coaxial cable).

When installing. the aerial coupler
need not be opened.

No tuning or pre-adjusting of the
aerial coupler necessary.

The aerial coupler is lo be instal-
led outdocrs.

AT1505

is used with the T1135 and has
the same data as the AT1500 ex-
cept:

Aerial length: 9-16 melres.

Maximum output:
1500 W PEP or 750 W RMS.

R —

AT1500
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day all ships have a growing
od for communication. Ervor-
o lglex via the S5B HF radio-
i=phone can close the com-
unication gap where a printed
assage is required.

lex comneciion with other
ips as well as with any telex
hseriber in the world through
e international telex network is
ossible today with the SAILOR
ciotelex system and the SAl-
DR short wave programme.

he new technology has made
possible o produce an ad-
anced microprocessor contral-
pd radiotelex modem which is
he most economical telex com-
punication system of today.

i over the world, coast radio
tations are being improved and
viomatized so that they will
ontinue to be able o meet the
icwing demand for radiotelex
cmmunication.

ENERAL

he SAILOR radiotelex system
as automatic error correction
n telex transmission with 50 or
00 Baud speed in the maritime
d point-to-point applications.

he SAILOR radiotelex system
rovides  unattended  hrans-
ussion and reception of telex
essages between the shipand

vast station - 24 hours a day.

e SAILOR radiotelex system
Fas a screen-oriented text editor
¥ih a 256 kbyle text memory.
or easy operalion, full soft-key
fommands of all editing and sys-
Em commands are included.

pystemn Operation

Jhe SAILOR radictelex system is
apable of telex communication
P several error-comecting
f10des. When sending a telex,
he operator selects the mode.
[Vhen receiving a tefex, the sys-
M automalically detecis the
§ode of the incoming fefex.

RQ Operation

'he ARQ-mode (Automatic Re-
[ansmission Request) is only
vorkable between two stations
it a ime, and provides private
ommunication with some limit-
d protection. .

ARQ-mode the two stations
ommunicate direct with one
ther, The information-send-
g station transmits the data
blocks of three characters.
etween the blocks of charac-
s, the sending station waits for
reply of a single character from
einformation-receiving station,

¢ public telex network via a

indicating tha! the block has
been well received, and the next
block can be sent If an error
occurs, the receiving station
requests a repetition. In ARQ-
mode the direction of informa-
tion can be changed.

FEC Operation

FEC-mode (Forward Error Cor-
reclion) is vsed where a mess-
age from one information-send-
ing station is to be received by
more than cne receiving station.
In FEC-mode the message is
sent in tme diversity, which
means that it is sent twice at
intervals of a fraction of a second.

The receiving station thus has
two chances fo receive each
character correctly. if both char-
acters are mutilated a siar is
printed.

SEL/FEC-mode {Seleclive For-
ward Error Correction) allows
selective calling of one or more
stations. The message is trans-
mitted in inverted format. Only
the receiving station with the cor-
rect call code will receive the in-
formation,

SAILOR RADIOTELEX
SYSTEM

The SAILCR radiotelex system
consists of the following units.

Radiotelex Modem
ARQ H1240

The SAILOR ARG H1240 is de-
signed for reliable service in de-
manding applications, providing
a broad range of operating fea-
tures and for simple but efficient
control. '

All operational conirols can be
carried out frorn the keyboard by
easy-to-use commands.

The intelligence provided by the

Hi240 radiotelex modem en- .

ables fully automaiic control of
the complete radio station: Start
the transmitter, fune it, establish
the connection and f{ransmit
and/or receive messages. it can
even control the scanning fecei-
ver searching for incoming calls,
set-up the transmitter frequency
{Programme 1000/B only), and
handle the traffic without any
operator intervention.

All H1240 radiotelex modems
have storage capacity for 105
user programmed frequency
pairs and call codes.

The built-in 256 kbyle character
comprehensive text editor adds
powerful dimensions to telex
handling and becomes famifiar
to any user with a minimum of
training. A large number of differ-
ent messages can be stored in
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the text memory for later trans-
mission (separately or in
groups).

The H1240 radiotelex modern
suppotis a number of automaiic
modes, including unprotected/
protected mode, public/secret
save mode, operator program-
mable group command mode,
and scan mode with automatic
calls confrolled by the reception
of *FREE” signals. Software con-
trolled channel quality evaluation
and frequency fracking ensures
optimum seleclion of frequency

channels, ?

The H1240 radiotelex modem
operates with standard 50 Baud
transmission speed (100 Baud
on radio side). As option H1240
can operate with dual speed

fwinplex modulation resulting in

100 Baud fransmission (also 100
Baud on radio side).

Keyboard Processor
H1249

The SAILOR Hi1249 keyhoard
processor includes full soft-key
operation of system and ediling
commands for easy operation.
Screen-oriented text editing fa-
cilities with 9600 Baud conscle
transfer speed for fast file edit-
ing/display, file manipulation,
and commmunication control.

Printer H1252

SAILORH1252 hard-copyprinter
far mulli-copying of communi-
cation message and file listen-
ing. Up to fowr different printers
may be connected to the TBUS
systern for dedicated printing of
information,

Video Monitor H1253

SAILOR H1253 video monitor is
for use with keyboard processor
H1249.

FEATURES

® Enorcorrecting modem meet
ing CCIR Rec. 476-3 and the
new 625 with 9-digit call codes
and identification exchange.

® Unattended transmission and
reception of telex messages ~
24 hours a day.

® Full communications privacy
using built-in high securi_‘\)n-
linefoft-line telex cipher <

® Automatic controt of communi-
cation equipment with "FREE”
signal scanning and automa-
tic power-up of transmitler.

® Automatic channel quality eva-
luation and frequency tracking
for optimum channel selec-
tion.

® Print spooler for message

printing while other tasks are
performed on the modem.

® Simple operation by use of
soft-keys.

® Full screen-oriented word pro-
cessing with 256 kbyte solid-
slate memory and message
management.

@ Standard- and double speed
(100 Baud) operation with
frequency- and space diver-
sity.

® Storage capacity for 105 user
programmable frequency pairs
and call codes.

® |BM-PCIXT communications
software.
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TW1100 SYSTEM =
e 500W PEP ' -:&v-—:.:..__,

This is a compact economical system for voice operation.
Consists of the TW100 Transceiver and TW500A amplifier
with internal 115V/230V AC power supplies, mounted in a

19" rack cabinet. May aiso be specified as separate units
for table mounting. ‘
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TW1100 System
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100Hz INCREMENTAL
TUNING

98 CHANNEL
SCANNING

MULTIPURPOSE

METER

KEYBOARD CONTROLLED
MICROPROCESSOR

FULL REMOTE
CONTROL OPTION

1tu4g

LCD CHANNEL/IFREQUENCY
DISPLAY

BLANKER
OPTION

CLARIFIER OR
OPTIONAL 10Hz STEPS

AUTOMATIC

ANTENNA TUNER OPTICN

SELECTIVE CALLING AND
TRANSCALL (ADAPTIVE) OPTIONS

NOISE IMMUNE SQUELCH

The TRANSWORLD TW100 is an advanced synthesized HF transceiver covering the entire HF frequency range from
1.6 to 30MHz. The TW100 provides voice operation in the single sideband mode, radioteletype with the optional
modem, and telegraphy. The transceiver is controlied by a microprocessor which provides the ultimate in operating
flexibility with teatures such as 100 memory channels, continuous tuning, separate transmit and receive frequencies
for hali-duplex operalion and channel scanning. The transceiver is controlled by a keypad and the channel number
and. frequency are shown on a large liquid crystal display. A special version, model TW100SX, is available which only
displays channel numbers and requires an external channel programmingfreprogramming unit.

The TW1090 Series offers a wide range of oplions and accessories to provide advanced sfystems capabilities. Buill-in
oplions include full Remote Controt Capability, Selective Calling and the TRANSCALL Adaptive System. The
TRANSCALL systemn makes HF operation as simple as using a telephone. The operator simply “dials™ the number
{actually a three digit entry on the keypad) and presses the CALL button. The transceiver then automalically links up
with the station being called and they together select the best available channel. When the conneclion is made, a
telephone-type ringing signal alerls both stations. Additional accessory items include Antenna Tuners, Broadband
Antennas, RTTY/FSK Modems and Linear Amplifiers. i

v e e -

MICROPROCESSOR CONTROL

A high performance microprocessor
is used to control the synthesizer in
the TW100. The inputs from the front
panel keypad control the selection of
the channel frequencies stored in the
memory and permit the entry of new
frequencies on the free tuning
channel. The microprocessor also
controls the large easily read Liguid
Crystal Display which can be used to
show both channe! and frequency

information. The use of the
microprocessor provides great
flexibitity of control combined with
simple operation and programming.

CIRCUITRY

The TW100 uses zll solid state,
broadband circuitry which eliminates
all field adjustments and tuning. An
upcenversion design to the first IF at
75MHz, places images and spurious
responges in the VHF range, wherse

F S U U

they are removed by simple low pass
fiters, The transmitter spectral purity
is ensured by six 10-pole elliptical
function filters selected by the channel
swilch. The second IF is at 1650kHz
where the main selectively is provided
by high performance 6-pole crystal
filters. The receiver uses a high quality
packaged diode balanced mixer with
an intercept point of + 11dBm. This
gives the receiver exceptional dynamic
range and freedom from



intermodulation and overload. The
frequency control system is derived
from one stable 5120kHz reference
oscillator. A 10kHz phase locked lcop
covers 76.6 to 105MHz for the first -
conversion oscillator. The second
100Hz phase locked loop controls a
TCXO operating at 73.35MHz to
provide downconversion to 1650kHz.
Direct loops are used giving greal
spectral purity and a simple easily
serviced design.

OPERATING MODES _

The standard transceiver is supplied
for A3J, and A3H cperation. USB,
AME and CW operation is standard
and LSB may be provided as an.
sption. A separate power supply and
modem are available for FSK
teletype operation). This pewer
supply provides additional cooting for
:onfinuous operation at 100W
average) power output. The high
serformance FSK modem provides
lirect connection to any standard
ITTY machine. As an option, high
speed TX/RX switching is provided for
simplex ARQ operation.

SONSTRUCTION

he case of the transceiver is a
ugged frame formed by the diecast
ront panet and massive rear heatsink
oined by side extrusions. The
nodules are mounted on a plate held
)etween the two side extrusions, and
he tinat amplifier mounts on the rear
ieatsink. The main circuitry is
:ontained in 6 diecast boxes
woviding complete RF shielding and
snvironmental protection. The six
nodules, the PA assembly, the RF
iter module and the frequency
election module are all easily
‘hanged for field service. The entire
ransceiver is consiructed from
luminum alloys and all external
lardware is stainless steel for
peration under the most severe
nvironmental conditions.

‘ULLY AUTOMATIC TUNING

Vhen used in conjunction with the
:ompanion digital AT100 Automatic
wntenna Tuner, efficient transceiver
oupling to a wide variety of whip and
vire antennas is fully automatic.
uning time for the radio with coupler
i typically 1 second.

\UDIO SYSTEM :
he TW100 has two features that add

greally to operating convenience. The
receiver audio squelch system is
designed to respond only to voice
signals and eliminates much of the
background noise, characteristic of
HF aperation. The transmitter is
equipped with a VOGAD which
automatically adjusts the gain of
microphone amplifier and provides
maximum oufput power regardless of
voice level. The TW100 has
demonstrated compatibility with
various COMSEC security devices.
Please conlact the factory for details.

FREQUENCY CALIBRATION

All channel frequencies are derived
from a single high stability crystal
oscillator. If it is ever necessary to
adjust the frequency calibration, a
single adjustment will set all channel
frequencies. When greater stability is
required, the HS10 High Stability
Option incorporates a 1 part in 107

TCXQ and also provides 10Hz digital
incremental tuning in place of the
receiver clarifier.

POWER SUPPLY

The TW100 operates directly from
any 13.6V DC power source
permitling direct operation from a
vehicie or shipboard supply system.
Provision is made for the internal
installation of optional 28V DC or
115/230V 50/60Hz AC power suppiies
which are rated for SSB senvice, A
base station power supply is also
available for teletype service. This
supply is rated for continuous service
and provides forced air cooling for
the transceiver power amplifier.

COMPANION LINEAR AMPLIFIERS
Companion al! solid state linear
amplifiers are avaitable to boost the
output power to either 500 to 1000
Watis output.
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Rack Mounted Version

* SIMPLE INTERCONNECTION
The TW5201 is designed for four or
two wire interconnection with the
associated radio. The standard
interface is a four wire line (two
pairs). This provides optimum
performance. As an option, a two
wire interface can be uiilized but this
must be specified at the time of
order. Because of the high speed T/R
switching required for ARQ and
TRANSCALL operation, DC keying
must be utilized in those applications.

This requires “‘metallic” (DC
continuous) lines with a maximum DC
loop resistance of 2000 chms.

ALTERNATE WATERPROOF MODEL
A fully waterproof (submersible)
Remote Control Unit, modet RT5201,
is atso available for use in mobile and
other severe envircnmental
conditions. While normally utilized
with our RT series of paramilitary
eguipment, the RT5201 is fully
compatible and interchangeable with

e e fmgm . T ST . el o = T O s v b

 TW5201

the TW5201.

TRANSCEIVER COMPUTER CONTROL

The “*RC’" Remote Control interface
installed in the radio provides
selection of either the standard
interface for use with the TW5201,
or an RS5232 serial interface with
acknowledgment. This permits
implementation of systems with

full computer control of ali radio
functions using a series of
“BASIC" functions.

7

TECHNICAL SPECIFICATIONS

ﬂEMOTE INTERFACE: 4 wire (standard), 2 wire (optional), 600 chms nominal, bidirectional. ARQ and TRANSCALL. installations
require metallic (DC continuous) lines {(max loop resistance 2000 ochms).
TRANSCEIVER INTERFACE: “RC" option, 4 wire (standard), 2 wire {(optional), 600 chms or RS-232 In/Cut (optional).

LINE LEVELS: — 10d8BM 1o +3d4BM

DATA TBANSMISSION MEDIUM: AFSK, U.S. standard lones

DATA FORMAT: ASCI, 600 Baud, 8 Bits, with a synchronous simplex acknowledgment system sent in four byte bursts,
DISPLAY: Liquid Crystal {Channel Number, Frequency, Selective Calling Code, Link Status).

AUDIO: Internal Loudspeaker, 2 Watls output,

DISTORTION: Less than 5%.

MICROPHONE INPUT- Low impedance dynamic, internal gain control and speech compressor.

TRANSIENT PROTECTION: Metal Oxide Varister .

POWER SUPPLY: 12 vDC @ 1 AMP max., 110/220VAC, 50/60Hz 25VA.

TEMPERATURE RANGE: — 30 to +55C

SIZE: 5H x 13.5W x 8.25D in (12.7 x 34.3 x 159 cm).

WEIGHT: 6.25 Ibs (2.84Kg).

Technical Specificalions subject to change without notice.

TRANS WORLD COMMUNICATIONS, INC. - * =~ il - e - :
A SUBSIDIARY OF DATRON SYSTEMS, INC. -~~~ :
240 Pauma PlECE. Escondido CA 92025 USA Phone l619) 747 1079 Telex 695—433

: ﬁm&awé@am]“ '

- for comnmnlcatucns

Ty

T/B7PL
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ANNEXURE E

DATA RADIO SYSTEM
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Scientific Radio Systems, Inc.

SRS
ystem .

Features:

M Error Free Packet Radio Networking

W Full Computer Remote Control

M 300 baud HF Packet

B 1200 baud or 2400 baud VHFIUHF Packet
B Multi-ModeRTTY/ARQIFECICW

B Adaptive HF

M Built in Text Editing

B Very User Friendly
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scientific Radio Systems (SRS}
specializes in providing high
-echnology communications

systems to a variety of custom-
ers in over 120 countries

throughout the worid. These
systems have proven very
reliable in applications that
include commercial, govern-
mental, and full military. The

SRS “DATA RADIO SYSTEM” is
the latest example of our con-
tinuing commitment to provide
UNIQUE SOLUTIONS to
UNIQUE PROBLEMS.

Our Sysiem

The “DATA RADIQ SYSTEM”
offers a total network solution
to data communications prob-
lems. The “SYSTEM™ comprises
the SR-822 Radio Link System
family with the foilowing possi-
ble configurations:
SR-822 Multi-Mode Controller
with optionai HF and
VHF or UHF Links

SR-380 Micro Processor
Controlled HFISSB Radio

1BM® PC Computer

Commurications Software
Package

With the Data Radio System,
users can operate HFVHF or
UHF Packet, HF RTTY/ARQIFECI
CW. A complete packet net-
work can be created with inex-
pensive hardware and user
friendly software. Message traf-
fic, spread-sheets, and other
computer information can be
transferred between users in an
integrated network. The net-

wiork supports both Radio Local
Area Networks (LAN's) and
Radio Wide Area Networks
{WAN's} using the SX.2Z5 proto-
col. LAN's are set up using VHF
or UHF radios and \WAN's are
set up using HF radios with
optional Adaptive HF to auto-
matically select a suitable chan-
ne| for communication. The
integrated software package
handles routing and connection
automatically.

Gateways

Because the Data Radio System
is multi-mode, customers no
longer have to have separate
equipment specificaily intended
for each mode. Now one sys-
tem does it all. As an example,
an operator can send and
receive a message on RTTY and
then resend the same message
on VHF packet. Or as another
example, a VHF packet system
can send a message to a gate-
way operator, and have it

resent on HF ARQ. With the
Data Radio System, operators
can now transfer message traf-
fic between dissimilar net-
works, and by utilizing Packet
the messages are delivered
ERROR FREE. This is a major
advantage to users who must
ensure the integrity of their
transmitted data.

Message traffic from a VHF/
UHF station is routed to an HF
gateway station for routing

into the network. The $X.25
Gateway provides the routing
information, frequency selec-
tion, and return acknowl-
edgement of 2 delivered mes-
sage to the origination station.
No operator intervention is
required for this operation.
Each message is handied simi-
larly to a Telex message that

is sent to a store-and-forward
system.
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Software Pacl(age

The menu-driven
screens, such as those
shown, provide the
operator with instruc-
tions about the oper-
ation of the system.
With little, or no train-
ing, an operator can
create, edit, and trans-
mit a message to
another station in the
network with no
knowledge of the radio
system used to transfer
the data. In fact, the
radio equipment does
not have to be in the
same room with the
computer equipment.

Operators are notified in plain
language about system con-
nections, stations busy, fre-

quency selected, mode of trans-

mission, and call signs of
stations in the network. Mes-
sages can be automatically
printed on a printer and on a
floppy disk.

The IBM® PC controls the net-
work, radio equipment, adap-
tive HF, and message pro-
cessing. The software package
is very user friendly and oper-
ators no longer have to under-
stand radio communications to
use the system. Messages are
transmitted and received in a
Telex like format. The computer
€an be used for other pro-
cessing functions such as
spread sheets or word pro-

Main Communications
Menu Menu
4 Y f Y
- POP-UP
[F1] COMMUNICATE RE?E;(‘;ED HELP
[F2] CREATE/REVISE MENU
DOCUMENT
[F3] INSTALL
[F4] EXIT TO DOS
[F5] HELP MENU ENTER MESSAGE
MODE =
| '} | PRESS [F10] FOR HELP )
Pop-Up Menu Pop-Up Menu
- PRESS KEY TO SELECT PRESS KEY TO SELECT
[F11 Printer on/off F11 PACKET

F2] File capture onfoff

F3} Change Capture File Name
F4] SEND a File

F5] Receive a File

[F6] Disconnect (Culp

F7] Change station frequency
[F8] Change station Tx. ID

[F9] Connect {call)

[F10] More HELP

F2} RTTY (BAUDOT)
Fa CW [MORSE} -
F4] ARQ

[F5] FEC

[Fb Ascil

cessing. When these functions

are in use, the system sends a
BUSY signal to anyone who
tries to send 2 message. POP-UP
menus are used to assist oper-
ators in placing a call, selecting
a routing and controlling other
features.

Untrained operators need
only type a message to place a
call on either voice or data. No
working knowledge of the

radio equipment is required to
operate the system, and the
radio can be iocated in another
area away from the computer.
Files from the IBM® PC can be
transferred using Packet to
ather IBM® PC’s with com-
patible software. In fact, any
file that can be stored on an
iBM® PC can be transferred
error free using Packet protocol.

4
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NOTE OUR NEW ADDRESS

e ARITEGES

P.C, BOX 88682 SLOANE PARK 2152

£2 LANGWA STREET, STRIJDOM PARK

RANDBURG, REPUBLIC OF SOUTH AFRICA L3
TELEPHOME (011} 792-2825/6/7/8

FACSIMILE {011) 192-1747 TELEX 4-22873

Ipecitications v e vomesr
IRS Data System
iENERAL
requency Range Transmitters 1.6 MHz to 30 MHz
143 MHz to 174 MHz
400 MHz to 470 MHz
)perating Mades HF LSB, USB, AME, C\W/
‘nerating Modes VHF NBFM
ITE ' . SR-380 has 79 test points in the built in test
lodem Modes Packet, RTTY, ARQ, FEC, CW
lodem Speed - 300 baud on HF

1200 baud or 2400 baud on VHF or UHF

— ANSMITTER

swer Output HF 150 Watts PEP 100 Watts average

ower Output VHF/UHF 10 Watts

T T/JER

ansitivity HF 0.5 micro volts for 10db S+ NIN
nsitivity VHF 0.15 micro voits {12 db SINAD}
nsitivity UHF 0.35 micro voits {12 db SINAD}
OMPUTER | IBM® PC

OFTWARE Custom designed for SRS Data System

OWER REQUIREMENT 115/230 VAC 50/60 Hz

Scientific Radio Systems, Inc.

367 Orchard Street, Rochester, N.Y. 14606, U.S.A.

Telephone 716-235-2040 = Telex 978-368 i
FAX 716-235-7827 = SIRAD ROC
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' PACKET RADIO NETWORK

A network of stations using a single shared radio
communications channel to transmit and receive

messages error free.

Scientific Radio Systems
APPLICATION NOTE - PR-1

—_—

During the last ten years there have been tremendous |

improvements in  network message switching
developments wsing digital techniques. These
improvements have largely been limited to wire-line

“(telephone) and line of sight (LOS) microwave radio

systems. Liule has been done to improve the
transmission of data and message traffic over HE or
VHF radio links. The volume of traffic, both voice and
data, is constantly-expanding, but the links that carry
the traffic are not able to keep pace with the increased
requircments. With a low in the current sunspot cycle
the amount of usable HF frequency spectrum is reduced
and the number of vsers of that spectrum has increased.
On VHF/UHF there is a similar demand for more unsers
in the already crowded spectram.

The reduction in available spectrum, the increase in
message volume, and the increase of users of the HF

and VHF/UHF spectrum have caused a sitvation that

requires a re-evaluation of the current system. It is

- obvious that message traffic will continue to grow in
volume and that the number of users will also continue
1o grow. The sunspot cycle, which affects HF
propagation, will not show any marked improvement
before 1990 so a means must be found to better use the
-available spectrum and 10 improve the performance of
communications systems used {o transmit message
traffic. C

The problem is how to:

A}. Send and receive message taffic, viually error
free, to a widely dispersed group of recipients
utilizing nonwire-line circuits {wireless).

B). Have near real time message transfer.

C). Transfer message teaffic between
dissimilar radio and data systems
(HF / VHF f UHF) '

D). Improve the ulilization of existing radio
links (HF/VHF/UHF}withom further
congestion.

E). Further improve VHF/UHF
channel utilization by integrating voice
and data on the same channel on 2
non-interference basis.

A Packet Radio Network can address each of these
problem areas and provide users with a cost effective
solution. By utilizing Packet Radio users can now
establish networks to pass message traffic in a local area

 and directly interface to wider area networks.

ENE F PACKET RADI

SPEED - Packet radio operates at 1200 baud on
VHF/UHF and up to 300 baud on HF.

ACCURACY - Packet is virtually emor free. Data
received will be exactly as it was sent. Cyclic
Redundancy Checks (CRC) are used for error
checking. '

' EFFICIENT FREQUENCY UTILIZATION -

Unlike other modes (RTTY, Voice) many
packet stations can interleave use of a single
channel without interfering with each other.

GATEWAY OPERATIONS -

Local area networks (LANY) using VHF/UHF radio
equipment can interface to Wide Area Networks
(WAN'S) using HF radio equipment to provide error free
communications over ‘great distances, This interface
between dissimilar netwaorks is a major advantage of a
packet network because it- isolates the network 1o
optimize its resources while still allowing networks to
interconnect with each other when necessary. Gateways
will also provide connectivity with existing Iand-line or
satellite networks, RTTY or ARQ networks or other in
place networks that use RS-232,

HARDWARE TRANSPARENCY -

A packet radio controller is transparent to the user.
Information is presented to the controller and is
transmitted with no change. Compliter programs may
be transmitted in their original language without -
changing control characters or formats. Message traffic
may be transmitted with special format or printer
characters unchanged,
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ANNEXURE F

TECHNICAL SPECIFICATION OF INMARSAT TERMINAL
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Oceanrqy 2 Technical Data

Frequency Range: Environmental conditions
Transmitting 1636.5—1645.0 MHz for BDE:
Rec?lvmg 1535.0—-1543.5 MHz ) Temperature Oto +40deg C
Tuning: Range
339 channels (25 KHz steps) b) Relative 95% at
Transmit EIRP: <) Cpbm'(tj-'ty go ieg c litud
36 dBW +1 —5dB ibration (:]eran)amplu e
Receive G/T: 4—15Hz 0.76mm
= —4 dB deg K min 15—25Hz 0.40mm
Communication Modes: 25_,_ 3oHz  0.23mm
kel ) 35—40Hz 0.13mm

Voice: Duplex/Simplex Narrow 40—-50Hz O0.07mm
Band Frequency Modulation Motion: _
(NBFM) with companders ~mation:
Data: Duplex/Simplex (NBFM) a) Roll +/—30deg
without companders . period 8 sec
Telex: Duplex/Simplex Bi-Phase b) Pitch +/—10deg
Shitt Keying (BPSK) (4.8 Kbps, period 6 sec
1.2 Kbps) c) Yaw +/-.— 80 deg
Muting: period 50 sec
Vo g ] _ d) Surge +/—02g

- Voice activated noise muting e) Sway +/—0.2¢g
Antenna: ’ 1} Hea\{e +/—-0.5 g
0.9m parabolic reflector, 4 axis g) Turning rate 6 deg/sec
gyrostabilised with autotrack h) Headway  30knots

Dimensions and Weights:
(1) New ADE including
radome:
Height = 1300mm,
Diameter = 1350mm,

Gyrocompass Interface:

D.C. stepper 1/6 degree steps
A.C. synchro 1 or 2 degrees per
revolution

Power supply: ' Dish Diameter =900
115/230V A.C. 50/60 Hz single Approximate Weight _L_nrn.
phase (440V A.C. would use an 60 kg
additional transformer) (2) BDE: Height =290mm,
Environmental conditions Width = 510mm,
for ADE: Depth = 490mm,
a) Temperature —35 to +55 ‘?g ;’)(r oximate Weight =
Range deg C G)RE lgj it
b) Relative 95% at 40 Hoi h;“"'518
humidity = degC - De'gth :260""“-
¢) Spray Solid droplets V\ﬁc?th — 378 i,
from any iatn = 3/0mm,
direction Approximate Weight =
d) lcing up to 2.5cm 3oke
ofice
e) Precipitation up to 10cm/
hour
f) Wind Normal
operation up to
100 knots
g) Vibration Peak amplitude
{mm)
4—10Hz 2.54mm
10—15Hz 0O.76mm
15—-25Hz 0.40mm
- 25—35Hz 0.23mm

IBM is a registered trade mark of International Business Machines
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ANNEXURE G

MONTHLY RADIO PROPAGATION PREDICTIONS AS

PUBLISHED BY THE CSIR
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RADIOVOORTVLANTINGVOORSPELLINGS VIR SUIDELIKE AFRIKA

RADIO FROPAGATION PREDICTIONS FOR SOUTHERN AFRICA -

CONTENTS . INHOUD
Page/Bladsy

Inleiding - R

Introduction ]

“Voorspelds wazrdes van guﬁslig.s!c werkfrekwensied :-

Predicted values of optinuin traffic frequencies - _
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Point of reflection Luu;,uud;. 0¥ -50° L Latitude’ 2
Plek van wee lknnlsmgz Lcne fesraad 0° -SO° 0; Breve ll'eﬂrn:nl 10° 5 3
Point of 1eflection LOllbliudl. 0”.50" E;* Latitude 10° 5 3
Plek van weerkaatsing ¢ Lengtepeaad 0° -50° 0; Micediegraad 207 § 4
Poiit of reflection Lcnr,uud- 9.50% E; Latitude 20s . 4
¥lek van weerkaatsing : Leaptepraad 0“ -*00 0; Brecdtepraad 30° § 1
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cortain Jong-distance circuits K
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(vcrt'hlc invalshock) te Jehannesburg “Vgrwvs na B'l_.}_l}_:_lten vir Junie 1980 . 9

(veriical incidense) at Johxnnesburg” Hefer Yo Bulilten for June 1350 ]

Yergelyking vun waargenseinde waardes en vaorspeldc waardes

Comparison of observed values and predicted values of 2

van F2 kriticke frekwensie (vertikale fnvalshoak) te -

critical frequency (vertical incidance) at Jolwnnesburg .

Johannesburg gedurepde SSUCOUPORPSOUNY 71 < 1T o Y2000 K211 10

in ; reren St anuarie. 1989 10

& Users Manual is available on reqhest-

In Gebruikers lHandboek is op versoek Leskikbaar.

National Institute for Telecommunications Rcscarch, Nasionale Instituul vir Tc!-kommunmas:cnn\ orsiny,
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UOORSPELDE HRARDES UAN GUNSTIGSTE UERKEERFREKUENSIES

VIR GEBRUIK OP SEKERE LANGAFSTANDUERBINDINGS

PREDICTED UALUES OF OPTIHUM TRAFFIC FREQUENCIES

FOR USE ON CERTAIN LONG-DISTANCE CIRCUITS
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VIR GEBRUIK OP SEKERE LHNGHFSTHNDUERBfNDINGS
FOR USE ON CERTAIN LONG-DISTANCE CIRCUITS

UOORSPELDE URARDES UAN GUNSTIGSTE UERKEERFREKMENSIES
PREDICTED URLUES OF OPTINMUM TRAFFIC FREQUENCIES
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