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SYNOPSIS

Soekcr's exploration pLCgxanme has lIICI7E!d tctally offshore am expamecI

greatly in the past few years. use of CXIIpIt:ers necessitated the

exr:harge of data between off~ am lan:1 installations. At the sane

tiJIe the exploration p:a::gxanme is lI¥JI7in:J further offshore While the

coastal. stations of the Post & Tel.e:' IiIllUmicatians can not banlle the

volume of tLaffic that the oil drills pxesent nor the data m:Xles. A

study of the tJ:ansmi.ssian requirements xevealed that a miniJmJm of one

voice c::bannel per drillllllSt be available at all 'times, While SCIIIe 20M

byte of data per oil drill per year will be transmitted. Facsimile

will be needed at 'times, also as a back-up far the data systems. A

study of plblicatians xevealed that anly five of the eleven methods

studied m:e viable, namely VHF-EM, satellite, HF-tel.epxmy,

HF-tel.eprinter am HF-data. 'llJese possibilities as well as their

pxactical inple51Jautatian was studied in depth. '!he effect of the

atJnclsIiJeric oc:nll.tions on the propagation of VHF-signals around the

coastline was stndied am 17 sites identified am evaluated :fLan the

DDIth of the 0Lan:Je river to Port El i 7abeth in xespec:t of c:::overa.ge,

C'OC'?Ssibility, faciJi:ties am cost. INMABSAT facilities am costs were

evaluated as well as HF-systems. Finally a system was desigrm

CXlllSi.st.i.rJ of HF-tel.epbany, separate 'tpacket" HF radio data system,

satellite tel.epxny back-up am satellite high speed data as well as a

limited VHF system. 'Ihe entire system is CXXl!Plenart:ed by marine

tel.epxny am tel.egLaIily eqnipJl'mt. Cln-9Oi.n;J system guidance in the

foxm of propagation pxedi.ctians is provided. Bale existi.n;J equipoont

was used, While R950 000 has been spent to date on additional
equiptaIt.



SDlOPSIS

SClekcr se oli.e-eksplarasie pLogLdIU is in tctaliteit vel:Skuif na die .see

en bet 1:laie uitgebrei in die afgeJqle paar jaar. Die gebruik van

rekenaars vercorsaak dat data P'ssen see en l.ani installasies uitgenrlJ.

JJr:Jel: wcm. Terselfde:rtyd vel:Skuif die eksplorasi.e-pt03LdIU al verder

van die kus af weg, teLwyl die kusstasies van die Pes &

Telekammmikasie nie die volume verkeer kan banteer wat die bore

ver1.an;J nie en oak nie die data-modnsse kan banteer nie. In studie van

die ver.sen:1inJ veLeist:es bet getoan dat 'n mi.ni1mmt van een

spraak-kanaal per boar ten alle tye beskikbaar JJr:Jel: wees, teLwyl sowat

20 Me;Ja-gmep se data per olieboor per jaar verseni sal wcm.
FaksimiJee sal sans benodi.g lolOLd, oak as 'n rugst:eun vir die

data-sistema. 'n studie uit geplhl isee:rJe materiaal toon dat slegs vyf

van die elf 1:lestudeeLde Detodes prakties uitvoeLbaar is, naam'ik

IEF-FM, satelliet, HF-telefanie, HF-tel.edLukker en HF-&ta. Hierdie

=ontlildlede scwel as ro,l' e praktiese implimentasie is in diepte

bestudeer. Die effek van atJ!x:lsferiese toestande op die vcartpl.ant:in;J

van IEF-seine an die kuslyn was bestudeer en 17 terreine is

gei.dentifiseer vanaf die m=ni van die OLanjerivier tot Port El i z.abeth.

Dekki.tJ;J, t:oegankl.i.khe, :inf:rast.rukbm en kcste toIT. elke terrein is

geevalueer. INM1lRSAT fasiliteite en kcstes is oak geevalueer scwel as

HF-sistema. op die Clll eiIDe is In ste'sel arrt:ltIeLp wat bestaan uit

HF-tel.efanie, aparte llpakketn HF radio data sist:eem, satal' i et

telefanie rogstem en satelliet hoe speed data scwel as 'n beperkte IEF

sist:eem. Die hele ste'sel lolOLd aangevul deur marine telefanie en

telegrafie uit:rustin;J. Riqlyne vir 1:JedLyf van die steJsp~ in die v=
van ~ie-vCXJLSleJJjIJ;JS lolOLd deurloperxl VOOLSien. In Klanpie

l:le:staarXie uit:rustin;J was hergebru:ik, teLwyl die aankoop waame van

bykcmetDe uitLustin:J alreeds R900 000 beloop.
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When seeker's oil-exploratian plOO3LdI1Ii1£! llDI7ed f:rcm lam to sea in the
early seventies, the demands as far as cX'JJlIlnnication were canc:erned was
relatively minimal.

At first only one oil-drill at a time was used, and mst CXlIIUIII.lIliction
was by means of HF radio-te1.epmny. ~ use of cx:mprt:ers was minimal
and tbeJ:e was no need for data excban:Je. A snall amamt of facsimile
was sent an HF, llIIJCh to the det:!:"im=nt of the HF transmitters, as the
transmitters were not JIade for CCllltinuous duty as deman:'led by facsimile
transmission.

In the early eighties a VHF system as designed by Mr. willie van
Niekerk of stellenbosdl university was inuo'lno=d. A Post &
Tela;, B"liAmication carri.er-ci=it was used to the neaJ:eSt practical
high-point ashore f:rcm the oil drill, l1lbere a :reJIDte VHF station was
estab1 j shed for the sbort-haul. out to sea. But as the oil-exploration
plOO3LaDme llDI7ed further CMaY f:rcm the sborel.ine the cmmmication
deteriorated, and a pressin:J need was felt for dedicated secure data,
it re a"e clear that a cx:np1.ete new system was needed.

In JIT!.l ~inbIel1t to SClekcr's staff, I was instructed to examine all
the possibilities and design a system that will be usable for the
plO sent and fox sccab1e :future.

~ basic :requi.reDents were laid down as follows:

1. To avercute cmmmication prcbl.ems specific to oil
exploration al<DJ the SA coast. .

2. To design a raJ iable, low maintenance system for voice,
facsilnile and data CXlIIUIII.lIliction.

3. SUitable for 24 bcurs c:peration and simple to c:perate.

4. ~ pinpointilxJ of faults so that tedmicians can plOoceed
directly to the location of the fault.

5. EquipIent place:l at sea and:reJIDte sites llDJSt be easy to
lIIai.ntain. ~ design and l.ayaIt of equipIent llDJSt be such
that faulty ~assE'9JNies can be excban;Jed and returned to
cape Town for repair,thus avoidin;J "field" repairs.

6. It loIal1d be an advantage if the equipIent could also be
used for marine p.uposes, incl.udinJ the sen:'Iin:J of distress
calls.

7. 'lbe system llDJSt be designed within the :fra!JeI.'orlt of the
existin] Radio regulations.
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'mEO~ OF '!HIS EElOJEC'I':

1. 'lb 0I7el:lX'I'Ie c:ammmi.cati.cn probleus specific to soekcr's oil
exploration alorq the S.A. coast.

2. 'lb study all P'S"ible propagation lDC"rles am tedmical
possibilities am select the lOClSt vi.abl.e ones.

3. 'lb study the geogra};ily of the terrain am its effect on radio
cammmi.ca.tion systems.

4. 'lb evaluate exist:in1 :infrastructure as well as solar am
wini-energy where no mains SUW!y exists.

5. 'lb design a reliable low maint:enance system. incol:j;xu:atiDJ
voice, facsimiJe am data lDC"rles.

6. 'lb implement the system usinJ local Sllj;pJiers am "in boose"
laborr as far as P'S"ible.

7 • System must have several ''paths'' to facilitate redimdancy am a
service life of at least ten (10) year.;.
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Before defininJ particular CXB!DlDmicatian problems and needs, one llIIJSt
look at the cbaract:eristic of the offshore oil drills used alCDJ the
5olIt:h African CXJaStline. 'llJe deep-water drills used at pr sent are not
''platfOIlllS" as they do not :rest (stand) an the ocean bottcm while
dri1li.n:J, but float in the ocean and are anchored by a system of
andxlI:s over the drill.iD;J site. '!hey are thus subject to roll, pitch
am. yeN, although lIlIJCh 1ess than an ocean goin;J ship once it is
ancbored (see fig.2-1.).

'!be drill can be divided into two systems. On the one han:l there is
the maritime side, such as watdJkeepin;J, safety at sea, etc., while an
the other there is the dri.lJ.in;J c::pm3.tian. It is int:eresti.D:J to note
tlJat both maritime and Department of Mines rol.es app1y.

'.Ihi.s dllal. c:baracter of the dril1 is also evident in it's CX'IDIlDmicatian
needs. On one side there is the marine cammmicatian needs, such as
watdlkeepin] on 21.82 kHz and VHF dlanne1s, ship-to-sbore te1e};ilane
calls, etc. 'l1le 1atter is done via the coastal radio stations of the
Post & Tel.ecc "i1mmication and falls outside the ElC:q)E! of this project.

On the other ban:l thel:e is the 1.aJ::ge aIIXlUIIt of cammmi.catian needs
pertaining to the dril1in;J c::pm3.tian. 'l1le urgency of this
CCIlIIIIlIlication makes the delays inherent in a llUll.ti-user system such as
a coastal radio station unaa:epLab1e, while no facilities exist far
the data nn1es such as ASCII and raw digita1 data.

2.1 HJIJES OF a::M!IJNICATIClN N@I*IJ

2.1.1~ (VOICE CXJHlNICATIClN)

Eac:b. ell drill needs to be ab1e to make calls to SoekoJ::-Headqu in
PaJ:cw' far disc"ssion of cb:ill.in:J-cpetians, 1ogisti.cs, geology,
~cs, etc. Calls llIIJSt also be made to SOPEJ:L);; in the
IIxb-Atlantic b1iJdirq in cape Town. Sqle10g ("sart:hern Petroleum
Iogi.sti.cs") ptCI7i.de a large number of persarmel., caterID;J, etc. far the
drills. calls lIIlSt also be made to specialist CClllt:ract:ars such as
Sdmlmberger, HalibJrtan, Flopel:Lol, Roc1!plan and Gisar that do certain
specialist work for soekar.

'.Ihi.s means that the system lIIlSt be capah] e of supportin:J at least one
radio-teleptane call per drill simultaneOlsly. 'l1le voice quality llIIJSt
be so good that it can be taken on an intemal te1e};ilane system to
offioes in the soekor-£eadquar CCIlplex. F\Irt:heJ:mJre the signal
levels have to be high, as this system is also extended via leased
FEeT-lines to the Indo-At1aIIti.c l::Jui.l.dirq in cential cape Town sane 20
ki1aet:ers aWcrI.

'!be voice quality lII.lst be of such a high standard tllat persons not
familiar with cxmmmicatian by radio Ilay canforLably use the system.
For this purpose the signal to noise ratio was defined to be 60 dB.

Iast b1t IDt least, autaIati.c switdli.n; between transmit and receive is
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desired, as this will ease the pressure on the operator/s at SClekor-B;2.

2.1.2 DATA~

At the l1IJlleLIL there are three depart:m;nLs in soekcr that have a need
for Il:lta-transmissian. 1bIever, it is expected that once a good system
has been :ilIlplemented, other users will appear, ran;JinJ fI:cm the cook's
stWlies to oceanograprl.c data.

2.1.2.1

2.1.2.2

2.1.2.3

RESERVCIR ENGINEERING:

'Ibis deparbDent will transmit the largest aJJrAJIIt of data.
It is expected that this deparbDent will ~
14Mbytes/year. ~ means that a total of 1,12 x 10
bits will be transmitted per year.

At first this seens to be a Sllal1 aJJrAJIIt per day (apprax
307 000 bits/day) but unfarbmatel.y this data is obtained
when boreholes are tested and needs to be sent in blocks of
up to 1 Mbyte (8 M bits per run) •

J::RILI,IN:;~:

'!he depart:mental transmission consists of a two or three
page daily 1:E!fX1LL every =iIJ;J. Although smll in volume,
this is the m:lSt inpJrtant si.n;Jle 1:E!fX1Lt of all, and needs
to be transmitted rapidly and OJLie..--tly to
soekcr-Headquar.

Geology will sen:i a total of 4,86 M bytes per year on a
daily basis. 'Ibis is thus alnIt 107 k bits per day.

2.1.3 FT.CSIMIIE

In the )'lC"lJ'"!!al day-to-day operation there is no demarxl for facs:indle to
be transmitted. It is fmween however that, in the case of an
eD;JineeriD;J bI:eakDcwn, this m::lde of cnmmmication may 00 'Hie of vital
iJIpJrtaIx:e. In the event of canpleLe failure of the data system, the
requin!d info:cna:tian may be transmitted by facs:indle. 'I1ms this m::lde
may be seen as ''back-q>'' for the data system.
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cnHJNICATION OPl'IClNS

As a starting point far the entire project, all the m:x:1es that could
conceivably be used were listed as follCMS:

1. I)?di03ted VHF system
2. Microwave
3. Troposcatter
4. Earth cn:bitin:] satellites
5. High frequency (Shart-wave)

5.1 HF-Telepbcny
5.2 HF-Teleprinter
5.3 HF-Data
5.4 HF-FacsimiJe
5.5 HF-Q'l (Morse)

6. Metear-scatter

A short study was dane, based on pnb'ications, to decide if any given
option offered enough merits far further in-depth study.

3.1 DEDICATED VHF SYS'TIM

'!his was the system that received the mst favaIrable consideration.
'lhe system was in use with a certain annmt of s"ccess ani it was felt
that with :inprcved facilities ani Eq1ipnent this was the best option.

It was realized that with planned new boreboles located up to 215km
fl:an the coast, not all planned bareboles could be covered fl:an the
shore an VHF. It was however, felt that the rnJlIlber that could be
covered would be high enaJgh to make VHF a viable option as the main
system.

Because the stations would be unatten:Ied ani renDtel.y cx:nIl:LOlled fl:an
SClekor-£eadqua in cape Town, the only IJ¥Jde considered was
frequency:modlJl.ati.on. Equi.pnent usinJ f:requency mOOn' ation can
ll&XILpoLate autanatic f:requency cx:nrt::rol (AFe), may use squelch to cut
down on "open channel" noise ani provides E>Xrp1'ent audio quality.
VHF-m also offers wide enaJgh ban::iwidt:h to SUffXJLL data ani facsimile
on the audio dlannel.

'lhe lOIlJ ranges to be covered would need high sites on lani. 'Ihe sites
that can be :read1ed pr sently by road would in mst cases not be at a
high enough location above sea level. It was therefore decided that to
get SlYXY'Ssful VHF CXlIlerage, beli.copters :must be used to reach the
highest peaks a1oIJ;J the coastline.
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3.2 MIO<a'lAVE

M:i.crowave systems offer wide bandwidths for several c:bannels an:i llDdes.
'Iba dcnEsti.c tel~, telex, data an:i TV distributian is mainly
carried by lIli.c:rcMave an the trunk routes.

'Iba prd:llen associated with mi.cI:cMave systems are ran;e, stability an:i
infrastructure.

Firstly, the highest IOOlJIItains near the coastline offers only aba.rt
110km l:ine-of-sight distance. '!his includes the distance up to the
coast line. As mi.c:I:owave propagation is l:ine-of-sight, this would
liJni.t the use of mi.c:I:owave to relatively short distance off the
coastline, especiaJJy an the west Coast, where the high llDIIItains are
located fairly deep i.nlan:i (refer maps SA 1:250000 topograprlc series
ID'S 2916 SERINGOOK an:i 3117 CALVlNIA).

'Iba second prcblen of stabil i:ty of the oil drills derived fJ:an the fact
that mi.c::rcwave :nakes use of highly directional antennae, thus the
alignueut l:letween stations must be held tme to 0,1 degree of arc. As
a drill is subject to several c:ley:r ES of roll, sqirlsticated antenna
alignuent systen5 would be needed.

'Iba third prcblen was that of i.nfrastructm:e. A microwave system would
need considerable land-statian i.nfrastructm:e. '!his would have to be
J:e1.ocated fNery tine the drill is J:e1.ocated, nonually sc:met:hi.nJ that
haj;pens fNery other month an average.

3.3 'lroRlSCATI'ER

Trqxlscatter ('fiClfOS£i"eric scatter P.tqla.gation) or "forward scatter
propagation" uses the layers/particles of the a1::mclsIiJere at a height of
about 15km aboI7e the earth to scatter energy CNer the horizan to the
distant station between 300 to 800 km away.

Although the system does IDt need high sites an the land an:i landward
stations are available in trailer mJUl1t oanfiguration for easy
J:e1.ocation, the aligrnoont: of antennas is fairly critical. 'Ihus the
system is IDt prclCtical for use an a drill that is subject to motion.

A wide variety of satellites IlClW omit the earth. 'lhei.r purposes ran;Je
fJ:an rnmmnnicatian an:i navigation to "spyin;J" missions.

A wide variety of systen5 an:i llDdes are available, bIt in the sart:bern
HeI:nisPJere the only one that the SIIB1.l scale ocx:asianal user coold make
use of is the INMARSAT system, specially created for =ine use.

Notwit:hstan:liIq the high cost of calls, it does hold advantages for
soekor.

'lbese includes severalllDdes, (i.e. Data, Telex, Voice an:i Facsimile),
24-hcur availability an:i ready :int:erfaoe with the pml ic tel~
neboiork.
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3.5 HIGH Fl'<&JQliNCY

High frequency (Short-wave) is one of the oldest fonns of lon;r-distance
CXJ!!JJI!Jmication medi1.mlS in use, havin:J been in use between cape Town and
:r.oman since 1922.

High-frequency CXJ!!JJI!Jmicatian f= the distances fran cape Town that the
drills will operate in the rot seeable future (800km nax) will make use
of "sin3"1~' propagation. 'Ibis is nonna11y a very good IOOde and not
ImlCh affected by fadin].

HF holds the naj= advantage of bein:J free fran constraints as far as
distance offshore is cax::erned. It wculd tlms be advantageous if
operation ever extend to the extreme south tip of the ,Agulhas bank
(240km offshore) = exten:1s to the west of the K-field on the west
coast (265km offshore) - see fig. 3-1..

Fran a point of' logistics it also holds bio naj= advantages, namely
that no remote sites are involved and all equiprent is under direct
operat= cx'llltrol and supervision.

1lJe follClWin;J IOOdes of transmission were considered f= HF:

1.. Telepxmy
2. Teleprinter
3. Data
4. Fac:silnile
5. a'l (Morse cede)

3.5.1.~

1lJe only viable nrrlem efficient IOOde f= consideration today is Sin;Jle
side BaI:d SUfiPl: 5Sed carrier.

Double side BaI:d is wasteful of transmitted power and occupies un­
nee aty bandwidth.

For this reason OOB is no lcn;JOr allaoled on HF at sea. nrrin;I the late
seventies/early eighties a plOCXJLanme of :redJrnrg and finally remcvirg
it fran HF was follaoled by international agLeenellt.

1lJe stamard c:bannel bandwidth f= SSB is IlOiIT 2,8kHz.

3.5.2 TEIEPRIN1'ER

Line teleprinter was illtrc dnood on south African telegJ:aIil ciIcuits in
1924 and the first telex excbarges pl aood into service in 1.934
(Jd1aIlnesOOIg) and 1935 (cape Town) •

Extensive use is made of Radio teleprinter (RlTY) on HF.

In Rl'I'Yuse is mmally made of bio tones, one'tone to indicate the 1.
bit, and the other f= the 0 bit. In practice the carrier frequency is
shifted to produce the bio tones. It is then referred to as frequency
shift keyirg (FSK).
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It is possil:lle to intmduce error c:cn:Lecti.n] on RlTY ci=i.ts by usin:J
redurx1ancy oodes.

'Ihe IIXl6t Cl 8l1li' 1!1

ARQ (Autanatic
teleg:talily•

:redun:1ancy code in use today is the highly efficient
repeat :request) which was developed for radio

In ARQ each chaLacter ccnt:ains seven bits against the five bits of the
ordinaJ:y teleprinter (Baudct)code. 'Ihe additional t:!No bits aLe added
in such a way that all c:haract:ers sent ccrrt:ains three 1 bits am four 0
bits. When a faulty chaLacter is :received, a :repeat:request is
initiated by the :receivin:J station, until the c:cn:Lect character is
:received. A character with the ratio 3x1. to 4xO am c:cn:Le:,'pominJ' to
an ARQ teleprinter character will go un:ietected, rot in practice these
aLe few am far between.

'Ihe Post & TeJ E>CX!J!!!!Jmication coastal stations have support:e.d this I1Dde
since 1.979, wheJ:e it is then called '!OR (Telex over radio).

3.5.3 DATA

'Ihe major disadvantages of teleprinter merles is the fact that it only
SUf4"lIls 32 cbaracters. 'lb1Js lawer case letters am symbols such as
-, @, %, <, *, [, etc. can net be sent. Furtber"..rerawCCllpIteror
bina:cy data can net be t:cansmitted.

ASCII (American standard COde for Infcmoa:ti.an Int:erchange) SUflfXJLls 1.28
c:haract:ers am is easily canverted to or f:r:an other code systems for
CCIIpIter use such as BinaJ:y, hexadecimal or EBCDIC.

At the llUlraiIL the P&T coastal stations do net SIJI:P liL any data merles.

3.5.4 :FT;CSIMIIE

sane int:eJ:natianal uses of facs;!!!; 1e over radio aLe:

1. TLdIism;ssion of~ (e.g. for the p:cess)

2. Transmission of weather maps.

3. Transmission of 1aD;Juage texts that can net be han:iled by
teleprinter or data (e.g. allnese).

In the oil exp1oJ:ation as CXlIIeI'ed by this p:coject the main use w::W.d be
for en:]ineerin:J dLawin:Js am as an alternative for data/telegrcq::hi.c
t:cansmi.ssion.

'Ihe major difficulty with facsimile is the bandwidth versus speed of
t:cansmi.ssian problem. At 2400 baud on a telephone line a typed A4
sheet takes ~tely 50 secxms to be tt:ansmi.tted.

At 1000 baud on a VHF-EM radio link the same sheet's transmission takes
two:minutes. In practice, on the VHF system. soekor ope:cates, 'Ne found
that at lOIJ;J:taIr;Je (for VHF) the data rate Im.ISt be Lednced to 607 baud,
tlms the A4 sheet takes 3 minutes. on HE' only alxnL 200 baud can be
used, tlms the A4 sheet in qlJ€5tion will take 10 :minutes.
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'!he secxni diffiaJlty with facsimile is fadin;r of the signal or
interferen::e duriD;J the transmission. '!his can cause ''bad spots" in
the picture or CCIIIp1etel.y desLtoy a section or the whole picture.

'!he larxJer the transmission takes, the higher is the risk of fadi.n:J
am/or interferen::e callsirq problems.

on the oil drill a nnmJ-er of RF producin:J devices am electrical
machineJ:y is packed in a small area. our:results on weather facsimile
reception £ran Olifantsfantein (ZRO) proves that it is virtually
inp-ssible to :teptcx1uce a HE'-facsimile on boa:td an oil drill withaIt
sane nm::kin:J due to interferen::e.

'!he HE' radio-path £ran the· south coast to cape'l'cMn is also subject to
shart-dlJration fadin;r of a few sec:crns at a tine arourrl lIIid-my to
about 16h00. It is p:rOOably due to sporadic E prqagation as it 0CCll:t'S

when high solar flux is pr sent ani abnannall Y gocxl VHF;;It'CPClgation
takes place.

'!he HE' fadi.n:J is not so severe as to interfere with tel£1Ii1ony ani
teleg::tal;ily, but is expected to cause problems with facsimile.

3.5.5 0'1 (MJ:tse)

'!his is the oldest fOIlIl of radio cammmication.

'!he original binaJ:y cede was develqlEd by Professor Samuel M:n:se for
his tel~ system. '!he system of Jlm'SEl teleg::tal;ily was in wi.desp:read
use right thralgh the world for mre than a century.

It was gradually superceded in later years by other nethods, mainly due
to the low transmission rate. '!he British Post Office used Jlm'SEl an
their~ circuits until 1955. '!he Canadian National Railways
disa:mt:inJed. the last of their tel~ ci=ui.ts in 1970. In south
Africa the Post Office sent the last IlD:t'Se tel~message on 23
Feb:rua:ty 1971.

A variation of M:n:se's cede was adapted for use on radio-teleg::tal;ily ani
is still in use by Radio Allatem:s, shiwiD:J, milita:ry fo:rces am minor
point-to-point links worldwide. '!he P&T coastal radio station in cape
'l'cMn (ZSC) still has six =i.ne CW circuits active as l<Iell as a daily
ccntact with 'ltistan da amha.

'!he :mode is very efficient am will penab:al:e static am interferen:;e
when virtually all other lJX'X1es fail.

Fbr seeker manual telegrcq;ily holds two major disadvantages:

As has been mentioned the first is speed of t:ransmission. While a good
operator may reach sp:=4s of· up to 30 ~ per minute, mcst
CX'IIIlIIIIlli. takes place at a rate of 20 ~ per minute. In
p:ractical tel::nB it :means that a page such as this one will take an
operator 15 to 22 minutes to transmit (a 50 baud teleprinter will take
less than seven minutes am a 110 baud data transmitter about 3
minutes).
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'!he seccrrl. problem is that of perscnnel. At pr sent the oil drills
can:y only one radio officer and he has to double as medical OI.'derlyas
well. He has to do the marine traffic, radio-telepxme calls,
helicopt:er ccmm.mication, etc. He also has to eat and sleep, thus
relatively little tine woold be available f= morse-tel~.

'!he blo :fact:=s, Le. tine available plus ICM data rate, limits the
aJlDIJIl.t of infcmnation that can be transmitted.

3.6 MEJOWR SCATmR

'!his tedmi.que makes use of the fact that lJeteors enterin:J the earthI S
atm::sprere leave a "trail" of highly ionized gas. RP'signals at
mid-bani VHF may be reflected to establish radio CXlIJJ!lIImication.

D.Ie to the shmt duration of an ionized path, meteor scatter is not
suitable f= voice nrdes of CXEIDlUIli.cati. Bursts of high speed data
may be sent while the meteor trail lasts. '!he system then holds the
rest of message until a trail again aroears, sc:IIEtbin:J that may bapp>n
in a few seccrrl.s = a few m:im:tes.

'!he CIIera1l average speed WOIXs cut to between 20 and 75 baud,
depeIXI:inJ on power levels, bIt there may be IClDJ periods of no
transmission path. As such, the system is lOOStly used f= unattemed
low-rate data transmission fran rencte sites. Typical systems is the
"snot:el." system in the USA used to mcnit= SIlClWfalls on rencte
lIDlIltains, and in scut:h Africa the data system used by the Deparbnent
of water Affairs.

3.7 :rossImE VIAmE OPl'IOOS

At this point a decision had to be lIade on the nrdes that wa=anted
further sbxIy. '!he follCMi.n:J lIICldes were not pm;ued:

'!he fact that the system will only operate aver line-of-sight paths
severely limits the scope of use, Le. the rnlJllher of wells that can be
CClI7erEd. secarxny the lIDti.an of the drills :makes this system virtually
UIDJSable. Iastly the 1aIrlward in:frastrucbJre will be too costly.

3.7.2 TROIOOCATIm

'!his llXlde was also not plrSUed due to the llDti.an involved.

3.7.3 BF-E7>CSIMIIE

D.Ie to the ICM speed that CXlnld be ad:l:ieved, it was decided not to
pn:sue this llXlde as well.

3.7.4 BF-<W (MJrse)

'!he ICM data speed makes this system unattractive.
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SEIECI'ED OPI'IClNS FOR FURlHER S'IDDY

'Ihe followin] qltiOllS Steed the IOOSt viable am it was decided to
p.rrsue them in depth.

1. Dedicated VHF
2. satellite
3. HF""'lel.eprony, Teleprinter am lata

4.1 DEDIC1ITED VHF

VHF coverage is not essentially "line of sight". VHF signals teIxl to
follaor the curvature of the earth to sane degree am as such it is
possible for VHF signals to reach beyond the cptical horizon. Once the
signals have readwd this point am the signals is of sufficient
sUeIlJlh, diff:ractian will take place.

Direct signals am diff:tacti.on are the only bo JOOdes that delivers
consistent results. other IlDdes such as ducti.IJ;J, inversion, sporadic
E, etc., are incxmsist:ezrt: am may at times even be a nuisance.

'Ihe fiJ::st problem is to detel:mine just heM far over the qlti.cal horizon
the radio horizon lies. No bo p.1bli.catians are in a.gLeenellL about
this matter. 'Ihe so-called K factor is given !ran 1,2 to 1,5. 'Ihe
CCIR (CClmit:e OJnsultatif Int:ernatianal Radio) however, gives the
st:am.aI:d K for the ooastline am seawards arcmrl SOlIth Africa as 1,47.
'lhis is higher than the factor of 1,38 generally accepted by the
0lUnCil for Scientific am In:iustri.al Resmrch (CSIR).

'Ihe radio horizon is depemanL on the tropospberi.c refractivity am is
deperDanL on air pressure, tenperature am lmmidity. OVer the sea the
lnnnidity is nsm11y high, resultin;J in a higher K-value than nmna11y
fOllIXl over laxrl.

4.1.1 ACIUAL TESTS

In the pl.anrlilg of a possible mi.crowa.ve link for the M'lssgas platfonn,
soekor mrmnissianed an actual test in the MOsseU l1IY area to detel:mine
what 'l:LcposJ;ileric refracLian ceuld be expected.

'l\VO temporazy uwer-air weather stations 'Nere established, one in
VOOItaai (MOssplbay) am the other on the drill "Actinia" about 100km
away.

AccordiD;J to CCIR :tepo:cL 563-1, the followi.n:J equation is used to
cala1late the effective earth radio coefficient (k--val.ue).

1
k=-----

dN -31+6,37. .10

dN is the mean refractive gradient of the first 1000 lIEues above the
earth's surface am can be cala1lated as folla.'S:

dN=N1-NO
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where:

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

NO = radio refractivity at the earth's surface.
(5aIetiIoes also called Ns)

'1be radio refractivity (N) can be calculated by the equation:

N=77,6P+3,73X105 .e

T

where:

P =a~c pressure (mb)
T = absolute tpw[erature (oK)
e = water vapour pressure (mb)

'1be water vapour pressure (e) can in tunl be derived ftcm the equation:

e =He

where:

H = :relative lnlJDidity

[ 19 7
t J

e = 6,11 t .;. 273

where t is the dry ball. teliifeJ:ature in °C

'1be starnani values of the CCIR is given in fi.gtn:es 4-1 ani 4-2
(Winter) ani 4-3 ani 4-4 (St.miller).

4.1.2 TEST RESJIlIS

'1be results obtained is graphically shown in annexure A

'1be follcwinJ is a snnmary of the results calculated for the paraneter
No,m,dN ani thus for k:

(1) oil drill (Actinia)

Parameter M:ini:mum Maxjmnn Average

NO 317,36 356,07 337,73
m 245,59 307,32 280,44
dN -34,09 -99,21 -59,00
k 1,28 2,72 1,65
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Fig 4.2
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Fig 4.3
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(2) VClOl'i'laai (Mosselbay)

Parameter M:iniJmJm MaxjD'Q1Dl Average

NO 297,34 354,67 326,83
ID. 262,25 320,42 283,40
dN -15,60 -75,45 -42,62
k 1,ll 1,93 1,39

Fran the above can be seen that the lanlward side gives the lIlOl:St
results, ani that is thus the value that has to be used.

'lb obtain a larger picture, the upper air re:::o:x:ds for Part El i zabeth
ani cape Town aver the sane period as the VClOl'i'laai - Actinia tests (22
Aug 87 to 14 sept 87) lNere d:Jt:ained fran the weather arreau.
UIlforbma.tel.y the upper-air station at AlexaIXler Bay was already closed
dam by August 1987.

A snmmary of the results calculated fol.lows:

(3) Part IDizabeth

Parameter M:iniJmJm MaximTm Average

NO 301,18 348,68 331,08
ID. 263,63 309,29 282,74
dN -15,60 -75,45 -42,62
k 1,ll 1,93 1,39

(4) cape Town (D.F. Malan)

Parameter M:iniJmJm Maxinnnn Average

NO 260,53 334,54 303,17
ID. 246,47 294,92 252,84
dN -14,60 -77,32 -42,63
k 1,10 1,97 1,39

~ the dN values of Part Elizabeth, M:lsselbay ani cape Town with
the August value fran the a:::m (Fig. 4-2), it can be seen that the
lanlward value is sane 85% of the a:::m value. '!he results fran the
Actinia again, gives a value 18% higher. 'lbJJs.the overall i::cute value
will probably average cut on a dN of -SO. .

on the west cxast the gE!CXJLCIfby is of sudl a nature that the lanlward
stations have to be further inlaIXi than the SaIth cxast. As the
cliJnate is nm:e arid than on the SaIth cxast, I decided to reduce the
k-value to 1,33 for all calculations.
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4.1.3 TRlINSMISSICN PA'lH IOSS

'lhe radio signal is subject to the followin;r losses from the
transmitting antenna to the receivin] antenna:

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

lolbere F is the :frequency in MHz and D is the distance between the
antennas in km.

'lb calculate the overall signal levels from transmitter to receiver the
followin;r equation was used:

Pr = pt + Gt - 32,45 - 20 IDg F - 20 IDg D + Gr

lolbere Pr = Power of the received signal in dB'1.
pt = Transmitter power in dB'1.
Gt = Transmit antenna gain.
Gr = Receive antenna gain.

'!bus the equation gives the RF drivin] power in the receiver antenna
tel:minals.

'lhe needed drivin] power can be calculated from the receiver
sped fi cations usinJ ann's law:

E2
p~

Z

Altematlve1y the received signal SUE!lgthcan be calculated usinJ:

E = jP.Z

In the above bo fonmlles P = power in watt
E = Receiver sensitivity.
Z = Antenna inp=dance.

It will be noti.c:ed that no provision is made far t.or.ler height and
fee"]] ine losses. If the feedl ines :nm directly fram the equi.pnent to
the antennas (i.e. t.or.ler height nearly equal feedl ine 1en:ft:h), the gain
due to t.or.ler height will be llDre than the feedl ire loss.

In practi.c:e p:roITlS1Oll lIDJSt be made far :fadin;;, with JOOSl:
tela:. 'iIliilmicatian authorities takin:J 50 dB as the m:inilmIm flat maJ:gin,
plus a further 10 - 13 dB to make up far system deterioration due to
the envi.J:crmrant's effects on feedJine CXJIiuactars, antennas etc.

Once the signal readJes the radio horizon, further reliable
CXliIlilDIli.cations takes place by means of re:fractian. Refracti.an is a
very lossy means of pLopagation with the loss figure reac:birq 1 dB/km
at 450 MHz.

No figures "xnld be obtained in p1hJicaticns far the 1~ VHF
fJ:equenci.es, bIt it is the writel:s opinion that even as 1Cli17 as 34 to 35
Ilbz, the diffracti.an loss is still in the vicinity of 0,5 to 0,6 dB per
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kilaooter. 'Ibis is based on practical results obtai.ned with low bani
systems cperatinJ on frequencies ment:i.aned. an high .l:laM ammxi 150
MHz, it seems to be in the region of 0,8 dB,tkm.

'lbe envi.ronmental noise level on the oil drills is so. high that a
:miniJm.Im signal power level of -120 dIW ImJst :be asslllned. 'Ibis
OJIOLe:;palDs to approx 7~V into a 500 antenna~ i-npadance (see
figm:e 6-2 page 37). 'Ibis leaves little flat fade margin beyom the
radio horizon. .

It can thus :be seen that to reach out :beyarxi the radio horizon need a
high transmitter pcMer, coopled with high antenna gain so as to obtain
high ERP levels.

4.1..4. VHF SITE SETFrl'Ia:I

A map seaLCh was done to fiIxi suitable high sites, ammxi the SaIth
African coast:1i.ne from the DX:JUth of the 0J:'an;Je river to Port El i zabeth,
that CCWd :be used to facilitate ~ete VHF 0ClITeL'Clg:e as far out to
sea as possible.

once a site has been selected from the map, an· on site inspection was
done to see what the feasibility of the site was in tems of coverage,
access am p::JWer. DiscussiOIlS was also held with the a.mers to sami
them out on their wi.l.linJness to let Soekor use the site.

'lbe positions finally c:bosen were:

29'02' SaIth
29'35' SaIth
30'35' SaIth
31."02' SaIth
31."46' SaIth
32'40' SaIth
32'48' SaIth
33'07' SaIth
34 '03' SaIth·
34 '02' SaIth
34'32' SaIth
33 '56' SaIth
34'01' SaIth
33'52' SaIth
33'56' SaIth
33'52' SaIth
33'34' SaIth

17'08' East
17'48' East
18'05' East
18'00' East
18'41' East
18'31' East
18'43' East
18'01' East
18'23' East
18'59' East
19'54' East
20'53' East
21."08' East
22'08' East
22'28'East
22'23' East
24'47' East

A detailed investi.gation was carried out in :respect of ead:l site,

Detailed discussion of ead:l site chosen am coverage profiJ.e an! given
in annexure B.

'lbe essential paramaters SlDmnarized in table 4-i.

'11ffiIE 4-1 SllMMARY OF P7\CIUTIES CN U1USEN SITES

As an exanpl e the descr:ipticn am coverage profile far the GeoLge site
is given in paragraJ;il 4-1-5 am figULe 4-5. '!he descr:ipticn am
coverage profiles far all stations can :be fam:l in annexure B.
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OFFSHORE COVERAGE POWER AVAILABLE ACCESSIBILITY

lekkersi n9 70lm I06km Solar 600kJ!cm with wind back-up Helicopter only

Nababeep 1313m 70km Mains (from SABC) Poor road

Leliefontein 1515m 88km Solar 800kJ/cm Fair road

Toringberg 548m 67km Wind primary with solar back-up Fai r road

Gifberg 793m 73km Mains (from ESCOM) Fair road

Kaptei nskop 650m 81km Mains (from SAAFl Exce11 Ent road

Piketberg I017m 53km Mains (from SABC) Very good road

Konstabelberg 188m 52km Wind primary with solar back-up Helicopter and foot

Constant i aberg 928m 120+km Mains Exce11 Ent road

Sneeukop 1590m 125km Mains (from ESKOM) Very good road

Soetmuisberg 753m 80km Mains (from SABCl Very good road

Grootberg 1637m 112km Wind primary with solar back-up Helicopter only

Riversdale 600m 70+km Mains (from SABC) Good road

Enge1seberg 1521m 133km Wind primary with solar back-up Helicopter and foot

George 576m 86+km Mains (from SABC) Good road

Lan9klocf 1618m 139km Wind primary with solar back-up Hel icopter

COCkSCooID 1350m 80+km Solar and wind Poor road
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4.1.5 GEXH;E:

'!his is a fil6m high point on the foothills of the George peak in the
out:enikwa llDUIlta.in raIJ3e just outside the town of George and sane 10km
fn:m the coast.

'!his was the original site used for the fiJ:st system as designed by Hr.
van Niekel:k and as sud1 soekor has good i.nfrastructure on the site as
well as a rn1!Dher of year's experience of operation fn:m this location.
'Ihe site is SAEC flLOfX"LLy and a1so used by ESI«:.M, FoLesLty, SA Radio
league (Amateurs) and a rnnnber of private users. Access is by a good
road, and it is even possible to walk there fn:m a nearl:Jy railway slop
(power si.di.n;r is 600m away) •

'Ihe site offers a clear take-off aver a wide anfl.e, as weiJ. as givinJ
coverage of the P.w. Botha aiJ:porL, It'sseJbay lan:lin;J field, soekor
office and st:ol:es in Mosse"'bay as well as nnst roads in between.

CClVerage at a k-facLor of 1,33 shculd be 96km (86km offshore).
Experience has shcMn that reascnable cammmi.cation can be obtained nnst
of the time up to 150km away.

CClVerage profile is sbCJwn in fig. 4-5.

4.1.6 R:MER oorror, ANl'ENNA GI\lN AND RADIO REX;O!ATIOOS

F:I:an the coverage profiles in annexure B, it can be dednC'J?d that in
:uany cases extensive use'will have to be made of diffraction as drills
will be located well aver the radio horizon. '!his inpJies that a
canbination of low frequency VHF and high ERP (Effective radiated
power) will have to be used.

calculations, usin:J TOTDlllas as discnssed in secLicn 4.1.3, lead to the
canclusion that power levels of.75 watt coopled to antenna gain of 9 dB
will have to be used for laniward stations.

'Ihe licence section of the Post & Telem!Jl!Jlnnication (P&T) has a policy
(as a result of :inLenlatianal agreenenL) that ERP on VHF below 50 Mhz
will be 1ilni.ted to 14,8 dEW. (Nomally 15 watt RE' power into a 3 dB
antenna). 'Ihe P&T radio regulatal:y departJIenL irxticated that they
wt:W.d be very reluctant to exceed this value.

Jhst VHF radio equipIerIt available in sa.zth Africa has only been
~ by the Post & Teleo Rllliilmication Laboratories up to 30 watt RE'
power cutpIL. '!his means that if soekor wants to use this equipDent at
higher power levels, it will have to be tested by the P&T laboratories
(roI'IEl'IN) for higher power certification.

Iow baIxl VHF antennas with a gain of 9 dB will be large and UIJ;Jainly
and thus very difficult to baIxlle, transport and erect. win:noadin:] is
a1so very high dUe to the large IilYsical size.

On solar/wini-p:JWer sites the high power CCXISUIIpti.an will require a
very large and expensive power suwlY installation. 'n;e1ve to frorteen
solar panels may be required.
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Fig 4.5
Path Profile Chart
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It was further calal1ated that :maintenance costs would be R66 000 per
year at Ill: ent cost (this excludes salaries!).

last bIt net least, is the fact that in many cases, the only carrier
circuit available is the SOR18 roral autanatic ca=ier type (i.e.
Nababeep, Tel}efanl:ein am GiftEJ:g'). ibis system uses 1Iin-bJnj
si.gnal.liIg". '!bus the PEa' oonLtol signal will be superinposed on the
audio of the speech. ibis causes interference am a distortion of the
speech (the PEa' reIJDte o:nrLtolled VHF-Marine station at IklrinJbaai.
suffers fran this pmblem) •

4.2 SATETl:TTE

Of all systeIIs the only viable one for marine use is~ IN!WlSAT
system.

'!be INMARSAT system, operated by the rnt:eJ:national Maritine satellite
Qrganization, provides re] i abl e am high-c;pali:ty, glOOal maritine
satellite CXlIIlIlJmication, unaffected by weather or iCllllJSli1eric
disb.n:banc:es.

'!be opera.tinJ cost is shared between participatin;J c:a.mtries to hold
actual call costs to the lowest possible values.

INMARSAT cammmication satellites are placed into geostatianaJ:Y omit
am have fixed zones of CXl'oIerage (see figure 4-6). TIvo of the three
qlE!rcitianal satellites can be accessed fran south African waters. For
each satellite in qlerati.cn there is a spare tmit already in omit.

'!be satellites of .interest to us in south Africa are:

a) At1.aIItic ocean region satellite at 26'W, with a spare tmit located
at 18'30' west.

b) :rn:iian ocean region satellite at 63'E, with a spare tmit at 60'
East.

Vessels eqniRJed with INMARSAT Ship Earth stations are capable of
cxmmmi.cati.on with shore-based CXJLLesp:adents via the international
telepx,ne am telex network as well as other similarly~ ships.
'!be quality of CCIlIlllD.ll1iction is net depemant on distance between ship
am roast earth station, the only a::nlltion bein:J tllat they are both
within the J::x:mxiaries of an INMARSAT ocean region (i.e. have a ''view''
of the sane satellite).

'!be follCJiii.D;J services are provided by the INMARSAT system:

a) Distress, ULgeu::y am safety c:ammmication.
b) Tel~
c) Telex
d) Telegram
e) Facsimile
f) MedilDD speed data
g) High speed data
h) Infcmna.tian am assisl:ance service (i.e. Medical advice)
i) Slew scan television.
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'.Ihe INMARSAT system sea earth stations transmits in the freqI.le!X:y ran;e
1636,5 Mhz to 1645,0 Mhz am receives in the the :range 1535,0 to 1543,5
Mhz. A total of 339 dlannels is nonnally available.

Most installations use a parabolic dish antenna of 0,9m in diaDeter
bcused in a radame for prot:ecti.on agallist the eleuents. '.Ihe antenna is
stabilized so as to be constantly aligned with the satellite. 'l'rac:kin;J
infonnation is derived fran the ship's gyro' "!lass.

High data speeds up to 9600 baud can be hanlled by the satellites.
unforbmately the nonnal teJepbore ci.J:cui.t used fran the coastal Earth
station to Clle'S destination can only SlJI:P iLL 2400 baud. If higher
speeds of operation is desired, e<pecial high-speed ci.J:cui.ts lII.lSl be
hired.

Power cutpIL (EIRP) is nonnally al:lolt 36d!fi, of this al:lolt 20 dB is
derived fran antenna gain.

sea earth tel:minals may be~ with two n'!Jll1::er3, thus imependenL
parties my share a te:r:mi.nal bIt receive their calls am ace:cmIts
separately (the te:r:mi.nal can only suppcn:L Clle call at a time).

In South African waters eight eoast:al Earth stationsrray be used,
namely:

via Atlantic cx:ean satellite: sout:hbJ:rq (U.S.A.)
Goanhilly (U.K.)
:E\lcino (Italy)
PlelllJlE'IlT Bodal (Fran:le)
'l'aI:gUa (Brazil)

. Via Intian ocean satellite: Ya:maguchi (Japan)
Eik (Norway)
'!be'" pylae (Greece)

Nornally the lIXlSl cosL effec:Live rc:ut:e for calls to South Africa is via
Goanhilly. calls cosL 410 per minute. Mcst coast Earth stations offer
a redllood night rate. ~ may be used to oonsi.derable advant:age by
callers fran the South African area. As an example, sout:hbJ:rq's night
rate lasts urrt:i.l 12h00 local time, thus CCIII'erin;J a]JIDSl half the local
lolorkiIJ;J day. '!hey offer a rate to Britain am Westem Em:qle at
~jmin, with calls to South Africa beinJ +5/mirnIte.

By exploiti.rJ;J the ''Night rates" of different stati.cns, SCIIe 14 cut of
the 24 balrs may be at reDred rates.

4.3 HIGH F@Wl\Ncr

High freqI.le!X:y radio systems usiD] the bands fran 1,6 to 30 Mhz have
been rq'l11ar since the 1920's in arPJica:ti.cms 1Idlel:e relatively lODl
distances lIIlSt be c:avered at a ~tively lai cost uOOer relatively
light traffic load. Recent advaIx:es in satellite CCIIlIIImicatians have
usurped many of the traditicnal BfPlicatians, bIt CCIIlIIImication by
satellite tends to be expensive.
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'!be bebavi.cur of HF-signals depends on the heights ani densities of the
layers of ionised gases which CXiUflLise the i.oncs};ilere. '!be gases in
the earth's uwer a:t::IoosJ;iler are ionized by radiation fran the sun.
'!be energy fran this radiation is able to release electrons fran gas
IIDlecules so that they b:>cxlrne positive gas ions. '!be J1IJ1DCp.r of ions
fanned depends on the intensity ani duratian of the radiation fran the
sun. 'lbus ion fODDation vary with the seasons as well as a 11 year ani
other cycles.

'!be ions are llDI:e dense at certain layers that others, so that
different layers fODll. 'lbese layers are not sbaJ:ply defined ani also
varies in height with seascms ani tine of day.

'!be layers of m:lSl: interest are:

D layer: virtual height 8Okm. Reflect low frequencies. Useless f=
HF camm.mi.c:atian ani may introduce att:emlation.

E layer: Virtual height 11Okm. May at tilDes be used f=
camm.mi.c:atian below 4 Mhz. May b:>cxlrne very highly ionized
("sporadic E") ani reflect even VHF signals. nn:in.J this
activity HF camm.mication may be di.sbn:Ded = even totally
disrupted.

Fl layer: virb:ial height 190km. MaxiJDum sinJle hcp raIJ:Je 3000 km.

F2 layer: Virtual height 35Okm. MaxiDDl!D sinJle hcp raIJ:Je 4000 km.

D.lrin.J the night the D region disarP*'rs, the E layer m::JITe upwards to
abcut l50km and the F layers mrnbine.

Si.n;Jle hop propagation is the desired m::xle f= SCle1ror's HF
cemm.micatian. It gives high signal levels and not so highly suspect
to :fadi.IJ;J and other di.sb.n:ban:les as IDUltiple hop propagation.

4.3.1 'l'EIEHDlY

'!be m::xle new used a1m:JSt universally f= HF telepxmy is si.n;Jle
sidE>J:Jani (SSB).

'!be main advantages of HF systems lie in the ability to provide
cemm.mication over great distances at low cost. '!his makes HF ideal
f= cemm.mication between reDDt:e isJ.anjs, settlE!llEIts, camps and
expeditions where the density of calls is low.

one of the maj= awlic:atians of HF is in the Marine field. '!be
INMARSAT system ani VHF has made inroads into HF !::ut it is still in
extensive use over the :frequency raIJ:Je of 1,8 to 30 Mhz.

R>Tbaps the m:lSl: limitirr:] disadvantage of HF is the fact that f= each
voice = data c:bannel. a separate :frequency lII.1St be assigned. '!his
makes it inp=ssihle to carry high volUllle telefiIanY ci:raJits via HF.
~ HF is new ally used f= reDDt:e areas with low density traffic
ani no 1.c:n;Jer f= high density .int:ernatia1al ci:raJits.

HF point-to-point links is still extensively used in the Scut:h Pacific,
Scut:h Atlanl:ic and certain African areas.
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4.3.2 TEIEEmNl'ER.

'Ihe silllplest fonn of data camm.mi.cation, nanely:uorse code telegraJ;hy,
used sillIple on/off keying.

on/off keying is net a satisfactoJ:y mathod of t.ransmi:ttin1:radio
t.e:!-~ ~ it. is diffi.aJ1.t. to detect; the "spaa;" when~
110lSe J.S high. 'Ihe most • I !1!Ii' III altel:native method 15 :Frequerx::y Shift
Key:inJ (FSK) • . with this DEt:bod the RE' =i.e:r is shifted a small
amamt, t.lms two distinct fl:equenci.es aJ:e used for 1'maJ:k'! am "space".
'Jlris has the advantage of havin;J a fonn of frequen::y divel:Sity, as
int:elligence may be abt:a:ined eit.be:r :fran the "mal::k" or "spare" signals.

Originally shifts in excess of 1,5 kHz was used, bIt later 850Hz. With
the int:roduct:ion of operational amplifiers, excellent audio frequency
filters CCllld be designed, makinJ nar.l:'OIWer shifts practica1. Although
400 Hz is still in use, 170 Hz is new a1Joost universal.

one of the major advantages of SSB transmitters is that. atrI tone
awJ.ied to the~ arpears as a RE' out:put. spaoerl a certain
distance :fran the assigned "c:a=i.er'! frequency. 'lhus two tones fran a
teleg:talil keye:r 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 ci=i.ts after canbination with the Beat Frequency
()=:illator signal. By t.uni.rJJ "up" or "down" the audio values may be
varied to suit the denrnJ11 ator in use. 'I!nls the intelligence may be
detec:t:ed as lorJ;J as the "mal::k" am "space" is in an:rect spacin;; to
eadl other. Spacin;J within the assigned cbamel barDwidth is of
little i.mpartance.

Radio teleprinter operation lems itself to a number of error
=e..--t.in;J coc1es. 'Ihe most «I 11111. R1 in SolIt:h Africa is autospec am ARQ.

Autospec is in very limited use, only 1:lein:J used an three ci=i.ts by
the Post. & TelecxlllJllunicat.ion stations at. olifantsfontein and Ilel:depoorL
(ZOO) for the IJept. of Envi.ranmenLal affair.; CXJ!JlI11Imication with bases in
AnLal:ct.ic, Go"9b am Marion.

ARQ is new in widespread use.

'Jlris code was develcped fran the 5-bit Baudot COde by H.C.A. van nnn:en
in the late 1940's. 'Jlris is an error detectiIg code utilizin;r seven
bits for eadl symbol, bIt of the 128 CX11lbinations that exist, only
those a:ntai.ninJ 3 marks am 4 spaces aJ:e used. 'Ihese aJ:e 35 of these,
SO the 32 dlaract:ers am control signals of the CCIT.l'-2 code can be
a' , , !iII!! dated.

'Ihe advantage of the ARQ system is that it offers protection against.
sin;Tle euuts. If signal an:i.ves so llI.Itilated that. sane of the code
groop; 110 1orJ;Je:r repr s ut. the 3:4 ratio, a repeat (ARQ) signal is
gelletal:e:i by the receivin] st.at.ion am the m.rti.lated infutllldtion is
:reLtansmi.tted.

'Ihe disadvantages of ARQ over Baudot is that it. cant:ains 7 bits per
cbaracte:r as to the 5 bits of the Balldat code am two frequencies aJ:e
needed for it's qerat.ian.
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British radio amateurs developed a s:in:Jle frequency telex system knaI1n
as AMIDR.

Basically this system sends a few characters (mmally three) ani then
switdles to receive to obtain a clea:rance or repeat f:I:an the receivin;J
station on the same frequency. It is thus basically a s:in:Jle frequency
~ system.

'!he najor advantage is that the system's equipoent requi.rements is very
lOOdest.

'!he system was adapted for CCIlIllEl:Ci.al marine use ani is then knaI1n as
SHl'lClR. It sees a fair amamt of use arQUl'rl. the British Isles.

4.3.3 I:l1\TA

High-speed data is rot possible on HE'• 'lhi.s is simply OO<;:anse the
baniwi.dth available on HE' is limited. until recently the anly systems
in use lIo'ere teleprinter systems, but lately "packet radio" 'aroeared on
the scene.

In CXlld::::cast to canventianal. Radio teletype (Rl'lY) the packet protocol.
has many advantages. 'Ihese advaIItages can improve data cammmication
by providin;J ez::rm-ftee message transfers am also better utilize
available RE' spectrum.

standani Rl'lY has ID l:WJ.t-in error carrection. If the signal. fades or
is janmai dI.Ir:inJ transmi.ssion, then all or part of a messag9 may be
gaml.ed or lost.

Fmwani error correct:inJ (FEe) does prcvi.de a certain amamt of
carrection or at least indication of et='S. '!he "Autaspec" system for
instance, provides fmwanl error =ect:inJ ani if a received c:baracter
is so mtilated that after two sets of c:x:up3risans it cannot be
recanstruct:ed, a space is l.eft in the text in place of the c:baracter.
'1his alerts the human q;Jerator to the fact that a c:baracter has rot
been received. It is especially useful. when the received message is
rot in plain text (e.g. :DEteriol.ogical codes).

uroer severe static con:li.tians, like weak signal. :rec:eption at night, a
large amamt of et='S are still pt sent.

~ is a superior system, but needs two-way q;Jeration to :functian.
Most etLOLS are taken care of, anly the very few with the ratio 3:4
sl.ipp:in:J t:hraJgh.

'!he packet radio protocol uses a 16-ilit cyclic redurDancy d1ec:k code
that is~ to each packet tLansmission. '!he receivin;J station
creates it's own 16-ilit code f:I:an the received package message ani
C"'X'J1PU"eS it to the transmitted 16-ilit code. '!he receivin;J then sends
back an ac:k!la.rledgllelIL or a negative ac:k!la.rleegmeut. 'Ibe sending
station then ptc eeeds with the next packet or repeats the previous
packet.

A major advantage of packet aver RITY is the frequency sbaL:i.n]
capabil i:ty. '!he system uses tine division llBlltiplexin:J to let many
stations shaLe the same radio frequency.
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'!be major advantage of packet radio aver telepr:int:er is that it can
transmit the full ASCII character set. 'l!nIs mn-text infcn:ma.tion may
be exdJan;Jed error free (i.e. c:::c:mprt:er files, fcn:ma.tted C!<'X'IJllf'Tlts,
spread sheets, data bases and even grapllc pictures) •

other advaIIl:ages includes "digipeatint', i.e. any station can operate
as a repeater, as ~ as "stme and fOJ:Wal:d" operation. This
.in:::r:eases the :raIJ3e of operation.

A packet system may be caIpIl:er or mictc:r-p::oc sser driven, utilizin]
such~ as UJJF/VHFfiJF I:adio system selection, or HF adaptive
sc:anniIJ]•
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- aJAPl'ER 5

Fran the study done, the follOiiin:J c:aoolusicms can be drawn:

1.. Exi.stinJ tedmology am i.nfrastrucbJre can be used to solve
soe1='s c:amnunicaticn problems.

2. 'Il1e JOOSt viable lOOdes am HF-ssB, HF-n:tta, lillIited VHF-EM am the
INMABSAT system. _

3. 'Il1e geograJ;hy am distances from cape 'l'c:Mn as well as the need for
regular nllocatian makes the JaLgc smle use of remote VHF
equipIEnt inpractical.

4. Exi.stinJ i.nfi:astJ:uctu, especially that of the Post &
Tela liIUlDmication may be used to CXJ!f'liJJETrt: a private system.

5. It will be possible to design a reliab]e lcw:maintenance system
that will fUlfil! all presctIt needs am can be expan:]ed to meet
future needs.

6. 'Il1e system can be implemented us:in;J "in house" lab=Qr am/or loml
(cape 'l'c:Mn based) expertise.

7. A large I!IllDber of 'Ipatbs" may be establ i sheil so as to facilitate
redurDanc:y. 'Il1e system will be able to have a life-span well in
EM'C of ten years.
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After study of soekor's needs in :respect of CXlIlIlIUJl1ication ani of vi.abl.e
cpticns the followin;J overclll. system was decided upon:

1) HF-5SB voice system.
2) HF-Packet radio system.
3) INMARSAT satellite teJ:minals
4) VHF-FM link (SOlIth coast ally)
5) NoIlDal marine HF ani VHF
6) VHF-AM Air radio
7) Workboats

'lbe sub-systeIIs will cx:mpleJJeIIt ani act as a back up to each other in
case of failure.

6.1 HF-5SB VOICE SYSI'EM

'Ihi.s will be the main speech c:bannel between oil drills ani soekor's
Headquart:eI:s, as Tto'ell as stoms,M:lSse"'bay office and George heli.ccpt:er
base.

It is a sb::ai.ght-farwan:l SSB system uti Jj zin:J HF.

one set of frelpmci.es stretchin;J over the spec:t:rum 2,5 to 13,5 Mhz is
untilized as "call ioT' dJannel. 'Ibis is lOOIlitared by all stations
mentioned. If a messagP- or exmversation is goin;J to last IlCre than a
few mi.nut:es, the call is lIDIIed to a "wcrldnt' dlannel, leavin;J the
"call iTJ;J" dlannel ftee for other users. ~ dlannels stret:d1 fraIl
3 to 9 Mhz l:ut will dJaD;Je with qJeratin;J raDJE! fran cape Town. (Le.
we will "retun1" dlannels ani obtain Ileii ones as neede1 fran the Post
Office).

other callers on the caU in:J :frequencies £ran time to time in::lude the
navigation c1epart:DaIt, w:ddxJats, seismic ship ani even helicopters.

'lbe system has been so configured to be. easily wo:rKabl.e by
ncn-tedmica1 personnel.

upon my ClIP'ilILnent to soekor I :fami that five types of radio were in
use on HF-5SB, nanely MJtol:01a, T.ranswcrld, scientific Radio, sailor
ani Bait (Skanti) • 'lb stamarise as far as possible it was decided to
use sailor at sea ani T.ranswcrld for !ani statiCllS. 'Ibis eases
nai.ntenance ani spares logistics.

one of the req.riJ:eIoont: for the equipIent installed at sea was that it
IIIlSt be capable of act:inJ in the full HF marine role as Tto'ell (0ClIIeJ:'i.n:J
all marine frec;pJencies ani bavin;J auto al ann while capable of qJeratin;J
off a batt:eI:y system).

'lbe sailor 1000B system with the "~nmni:rJt'.qrt:ionwas decided OIl.
'lbese sets qletdle fran 24 Volt DC and inxxqxJLale the staIx1ard marine
distress alann• 'lhey were ordered with q;Jtianal lower sidebaIxi
installed, as the latter is available to soekor for use on our
(non-marine) systems. Batt:eI:y back-up is provided (see Annexure C) •
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'!he space constraints an the drill fcn::ces the use of a verti.cal antenna
system. After investigation am testi.DJ the dloice was the scuth
African manufactured ZS Elect:mni.ques XWBlP.400 verti.cal whip. '!he
sailor matches well to this antenna ani the results has been most
.satisfactOIy (figure 6-1).

Tests were done an oil drills to detenDine envi.rcnmental noise levels
as no figure could be obtained in plb] j cations for elect:ri.cal noise an
drills in the radio spectrum.

'!he maximum noise power encl::untered an the drills was in the 3 Mbz
region where it reac:bes -105 dIfi. (50 )1Volt an a 50 n antenna system).
'Ihis was an one particular drill ani due to one particular AC drive
unit. '!his particular noise was !:lams of eneJ:gy 100 kHz apart ani
llDVi.n;r across the specl:nml, so that J.c:lwer level signals could be
understcod most of the time. For the rest the noise i;x:roler did not
exceed -107 d!W (32 pV). see figure 6-2.

Radio qJerators an the drills Lepcn:L that the noise an the 10W'er
fLequency is occasianally a rmisance b.tL mnnally signal levels aLe so
high that they override the noise.

I.andwanl stations may anly make use of plc set dlannels, b.tL the
ability to pLOJLanwe them locally was seen as a major advantage CNfi!r

aystal dlan:JinJ or new m::M:integrated ciJ:c:uits. 'Ihis was the main
:reason for c:hoosi.rJ;J the 'lRANSOORID system.

A further advantage of the system is that it CClllSists of a 100 watt
exciter drivin;J a 400 watt linear ampljfjer. ~ if the linear
ampl j fjer fails the signal will dLcp by 6 dB b.tL a station will :remain
an the air. '!he 100 watt transceiver secLian can also be cpemted an
12V battery power (see annexure D). '!he tbree "wcrldIJ] dlannels" use
split-site LeCei.vem ani tLansmitt:eLs to Lcdr'Ce interfaCIal.

'!he units include· a tel~ cc:upler so that the system can be
ext:eOOed into the l'uj]dm:r, thus LCducin;J lmman tLaffic into the Ladi.o
LOCIlI.

'!he antenna is a~ t:ravelli.n:] wave dip"1e system of 46 neboc
overall leIJ;Jth. It is mo.mt:ed an a 22 neboe mast st:aniiD;J an the roof
of the SOCkor B.Iildin;J. '!he roof is 1600 Jri. of earthed metal, thus
~ an exreJ 1enL gLCUIXi plane located well aboI7e the su:rraJIDi.n;J
aLea. 'Ihis roof is a stable gLam:l plane that does not vary with
season, rainfall, etc.

'!he tJ:ansmi.tteLs of the 1'lrIol:k:i.IJ;J cbanne1s" l::le:in;J located sane distance
fLan the main blj1din;ls in a amt:ainer, use tbl:ee-wixe travellin;r wave
dipoles an 36ln high masts. 'Ihis places all antennas at the same height
aboI7e groord.

'!he CXlIlfi.guration has a high take-off an]1e, eJlaC!:ly mat:dliD;J the needs
of the LaIJ3CS of CXIlBlIJllicati that aLe spanned•.

6.2 HF PACKET RADIO SYSTFM

Packet radio in scuth Africa is used by the amateur radio (XIlIlIlImity ani
the militaLy.
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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 2:1 ACROSS THE BAND,
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ANTENNA ELEMENTS FIBREGLASS ENCAPSULATED
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'!be cape PrCII7incia1 Admi.n:istration has att:e!lpt:ed to use packet radio
for civil defence usi.n;J eq.rlpnent l'IlaIU1fac:bJr mainly for the amateur
radio nmxet. 'llle tecbnical caoplexi.ty of the eq.rlpnent plus persannel.
t:urncver defeated the administration's nan-tedmica1 operators.

For SOekor's system it was decided to look for a system that requiJ:ed
no radio expertise from the system operators (basically a "fit am
forget" system).

'!be only system that could be fOllIld was the SCientific Radio packet
data system. 'Ibis system makes use of an rm c:cmpatible canp.1ter to
CXlIILt:01 the radio eq.rlpnent. '!be canp.1ter user thus need not
1.mleJ:stani radio eq.rlpnent, radio propagation etc. to S'YX"'Ssfully use
the eq.rlpnent (see annexure E) •

'!be SR-812 HF system utilizi.n;J the SR-380 100watt transceiver was
selected so as to make a HF ''Wide area. netwoIx".

Initially three stations will be installed on the drills an:1 one at
soekor HQ in ParcM (cape Town). Similar antenna configurations to the
SSB voice system are used (travellin;J wave dipole in cape Town am
wi.de-ilan::l whips for the drills). '!be system is so configuIed as to
self-selec:t the operati.n;J frequency tln:olJ;Jh a call am scanniIxJ
process. ~orewide-bam. antennas are a llllJSt.

6.2.1 SOFIWARE

'!be CX"J!lllJlImicatian software package is located on the hard drive in a
sub:1i.rectoJ:y. '!be software PIO:JLd1ll autalatically boots (loads) an:1
runs whenever the cxmprt:er is tumed on or reset. '!be prO:JLam is :menu
driven, provi.di.nJ the operator with ''user-frienll.y'' infOIlllation about
system status am operation. '!be software will be installed by a
trained tedmician prior to adding the station into an exi.sti.n;J
netwoIX.

'!be cxmmm:ications software package allows the operator to sen::l a
DFSSage, one line at a tine or as caoplete files (doolDlE'Ilts) to other
stations. 'llle:menu driven screens provide the operator with
:instructions about the operation of the system. With little or no
trai.nin;r, an ope:tator can sen::l a DFSs3ge to another station with no
knowledge of the radio system used to transfer the data. Mr sages can
be autalatically printed on paper or saved (as a file) on the cxmprt:er
hard drive.

'!be cxmprt:er CXlIIb:01s the network, radio equ:ipoen:t am ressage
processi.n;J. 'llle system operates like a tel£!Iilane network, call irg am
ccnnect:in:J with a station before excbargi.rg messages. If that station
is bJsy or does not answer then the operator is notified in plain
language about system status.

'!be cxmprt:er can be IlIl1ti-tasked. Received p ages will be pIt: out on
the printer While the cxmprt:er is in use for other tasks. Message files
nay also be loaded to or from "flq;{ly-discs" While transmission or
reception is in PIO:JLess.

'!be SOftware bad to be adapted as SOekor uses EPSCH c:aoplters. '!be
printer adD:essirg diffeI:S from the st:amard rm as does certain video
SCI:eeIl functi.ans.
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'lhe data system prcvi.des an adaptive HF feature in packet lOOde. When
the 1\daptive feature is selected, the station can automatically fin:! an
HF frequen::y, fran a list of pre-installed frequencies, that will allow
CXIIlIIIImication.

'lhe adaptive HF feature can be selected fran the 0lHER Functions IlEl1ll
(fran the Help lolenu) ar can be pre-installed to automatically be
selected upon ent:erin;r cammmi.cate lOOde fran the Main lolenu. '!he latter
was selected far the SOekor system.

'l1Jere aJ:e separate lists of allocated fnquenci.es allowed for each
station. When receivi.n] in the adaptive lOOde, the system scans the
stations list of allocated fnquenci.es. When "cal1 int' or attenpt:in;J
to cxmnect, the system uses the allocated fnquenci.es for' the selected
destination. NQnDally these frequencies lNCIl1d be the sama in receive
ani transmit scann:in:J bIt in complex neblorks they may differ to
:iEpmve neblorlt tbra.1gbp.It ani decrease can:Je5tion by creati.n;J
sub-networks within a large netwm:k.

'!he canpIl:er wllLwls the HF transceiver frequen::y ani lOOde via an
RS-232 link. 'llJe cemp.rt:er also wnLtols the receive &olell tima ani
initiates the call oonnect: process. 'llJe TeJ:lDinal Node cantroller
assembles ani disassembles Pa.ckeLs, keys the J::adio, ani prcvi.des the
"selcall" function.

In 1\daptive IOOde the system is using the Packet proLocol cxmnect status
as a "selcall" for ftequency scan slop. 'lhe receive &olell tima is
about 7 seoon::ls per channel. 'lhis allows far 2 call attempts on each
channel per scan. '!he transmit (ar rnll iTXJ) ern will tJ:y "X" times on
each dlannel before giviD] up. '!he mmber of attempts (X) far each
channel is twice the Dnmber of installed channels. 'l1Jere aJ:e about 3.5
seoon::ls 1:leboeen each cxmnect attempt. nri.s sdleme guaranLees at least
one valid attempt per channel &olell tima.

In HF prcpagatian paths aJ:e always dJan;Jinq. Time of day, season, sun
spat rnnnber ani lIJJ1t:ipath CClDlitions aJ:e just a few ~les of
~ that can impair CXIIlIlIlIllli.tions ani cause destrucl:i.ve
interfererx:e J::Jet:Msen stations. '!he 1\daptive HF feature in the data
system can aut:anatic:al1y select a suitable channel for CXIIlIlIlIllli.tion.
'lhis automation Dakes HF J::adio al:nnst as easy to use as dial1;TXJ a
telepxme. A trained operator is no laD;Jer rec;p.rired to establ ish a
link by f:im:in;T an open cbannel to estabJ ish wntact ar selecti.n] the
dfPLopdate ftequency for the tima of day. P1.aci:rJ;J a call is as siJIple
as select:in1 a destination ani pressi.I:q the ''Enter'' key.

In pracLice lole fClllDi that inten1al ptogLanun.in1 of the TeJ:lDinal Node
eunt:roller (Modem) 1:leboeen the CXIlpIler ani J::adio en boal:d the drill
suffers fran ccn:ruption due to fluctuation ani noise on the mains
~y. nri.s hafpens as socn as drilli.I:q is in ptogLess. A censtant
Voltage TransfOIlIleT (CVT) was inserted in the mains pc::JWeT SUWly to
ClITeI:l:XDe this prdJlem.

6.3 INMARSAT SYSTEH

'lhe three oil drills will each be equ4p:d with a Marccni. Marine
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oceanray 2 sbipxam earth station (see annexure F) •

~ tenninal will be eqniIP"'i far Voice, Data am facsimile.

~ voice faciJity (telE!};ilcne) will only be used in the event of a
total failure of the other voice ccmm.mication IOOdes, i.e. the
HF-£SB,VHF-EM am mnnal marine cbannels via coastal stations.

~ tenninal will be eqniwert with a 2400 baud QUattro nxrlem• 'Ibis
will be used far mgeut high-volune data am as a back-up far the
package rcidi.o system.

~ facsimile fadl ity will mainly be used far gl:aIilic data such as
eIJJineerinJ dJ:awin;Js that can not wait UIIti.l. the next heliccpter flight
(i.e. in the case of a breakdown).

EUrtheu ill" e the facsimile will act as a further back-up in case of
failm:e of both data systems.

~ tenninal will mnnally be locked far cutgoinJ calls, one key beinJ
kept by the captain am the secc::m by the dri.l.lin;J en;Ji.neer.

6.4 VHF-EM LI:N'K

~ is a refinement of the original VHF system am will only be used
on the Sc:ut:h coast to a:Ner the Knysna to Witsam :region.

It consists of two in:1epeOOent systems made up as folla.s:

6.4.1. System one consists of a repeater on the foot hills of Gearge
Peak (33'56' Sc:ut:h 22'28' East) operatinJ an:mJ:1150MHz. ~
base station far this system is in the soekor office in
VlXlI'"baai at }t'sseUl1lY. (34'09' Sc:ut:h 22'06' East).

6.4.2 System two is similar to system one, except that the repeater
on Gearge peak is linked on 450 MHz to Riverdale where a secc::m
repeater an:mJ:1 150 MHz is activated (again a 30 watt unit with
a 6 dB antenna) •

6.4.3 Both systems are acnessed in the GeargefMosselhay area by
barxfueJd am vehicle rcidi.os dIlrinJ heliccpter operations, to
ccmm.micate with the drills, soekor office MosseJhay am
Soekcr-B2 cape Town about crew cbarJ;Jes, heliccpter loads, etc.

Both systems give full (100%) coverilge up to 100km cut am variable
cmmmication up to 15Okm.

~ console in cape Town ext:erxJs to a large nnmber of special barx3sets
in the headquarters bJjldiTJJ. ~ provides selected personnel with
"desk to drill" ccmm.mication. ~ system also interfaces with the
PABX bIt then the call switdri.rJ;J is then CQntrolled by the console's
operator.

6.5 !lJRMAL MARINE HF AND VHF

~ drills contain a full sbipOOard installation ccnsistinJ of two HF
transmitters am receivers (nain am energellcy unit - the latter with
batte:ty back-up) •
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7be nonrel nari.ne calls as well as private calls haoo by creIVS are
carried via this system.

In case of failures of the SOekcr HF ani VHF, calls are made with the
nari.ne sets via a P&T coastal station through the telEl};ilone system.
'Ibis is the voice back-up prior to satellite as the cost of calls is
alJan: 5% of satellite costs.

At times the VHF c:x:n:liticlls on the sart:h coast is so good that the
coast can be :reached ani calls placed via Part El i zabeth radio (ZSQ),
frc:m lre5t of Mcssclbay. 'Ibis :redJY"'PS the cost to callers, plus givin:J
better voice <pUity.

6.6 VHF-AM AIR RADIO

All the drills are eqniwed with a small ai.r-iJan:l VHF radio f=
(XlIDDImication with beliccpters servin;J the drill. A ran;Je of 60-70 km
is usnally ci:ltained with this lOOde of camm.mication.

7be heliccpters are also eqniI'{'E"1 with nari.ne VHF-FM ani a greater
rarge is ci:ltained with this (90km). 'Ibis is due to the higher power
used ani the gain antenna enployed on the drill.

5aIe of the heliccpters also have HF-ssB workin;J into the SOekcr HF-ssB
call i tr;J dlannels.

6.7~

Each drill is a.tt.eOOed by a wrkboat (tug) actinJ as a guaJ:dship whUe
other l«lrkboats c:any cargoes to ani fro frc:m pm"t.

Each workboat has nari.ne VHF-FM, nari.ne HF-ssB as well as the call i rq
frequencies of the SOekcr HF-ssB system.
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al1IPI'ER 7

unlike a VHF'/UHF system, a system primarily based on HF can not be of
the "fit an:! forget" type.

'!he use of urqualified radio operators on the 1anlWcml side means that'
they lIIJSt be guided through the intricacies an:l variations of a HF
system. F\lrtbeJ:m:Ire the HF bams are in a anlStant state of dlan;Je due
to the sunspot cycle, solar flares, time of the year, time of day an:l

. even liIeatber ccn:li.tians.

'lb CCIlIpOllIrl these problems, a drill's position c1lan;Jes on average every
other month, mobile lan:l stations operate frcm different positions an:l
the ships an:! aiJ::cra:ft in the system are in mJtian.

'lhus the operators have to keep track of a vast rnnnber of variables
that will soon defeat them if clear guidelines are riot laid down. '!he
full-time operators still has a "feel" f= dl.anJinJ ccn:li.tions, but the
crcasional operators find 'themselves completely lost if they are not
given~.

one might find a person maintaininJ a navigation rearnn comp1aininJ:
"last time 4Mhz worked fine frcm Hanc1eJdiP:laai, but new I get no
CXlIllIIBmication!"

'!he person comp1aininJ does not realise that "last time" was seve:ral
months ago, not at the saue time of day an:! that drill is new 300km
aJNaY against the 100km of the previCllJS ClOCaSicn.

'!he operational~ of the system has tlms been divided into two
o '!j[0nent5, namely the "static" an:! "Dynamic".

7.1 STATIC PROPlIGATIClN mEDIcrIClN

'!he basis f= this is the very good propagation on:ves plblished every
month by the Deparbnent of MicroeJ.ect:rcnics an:l O1rmmmicatians
TeuIllology of the CSIR (see annexure G) •

Fran the planned activity pLogLamue f= the next month the relevant
parameters are selected to p:rodlJce a set of frequencies f= use durin:J
the CXlIIIin;J month.

A CXIllIIX'lIl c:uup:tauise~ is calculated that is to be IOOIli:t.onrl by
all parties. 'Ibis set of frequencies is caloJ1ated in sudl a way that
any station in the system sbculd be able to "raise" any other station
at any given time. '!he given~ is tlnJs a trade-off between
distant. an:! cl.ose-by stations, as well as between stations ran;Ji.n;J frcm
18 to 400 watt: ERP.

once CXIIIIlIIIli.ca has been establ i shed the stations may select. a
1:lett:er ftequency frcm the list =operat= experierx::e. Ha¥ever, when
the carIt.act. has been conclWed, all parties lIIJSt retm:n to the
IOOIlit:=i.Ig~ an:! keep a list:enin;J watch.
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'Ihe •, Ril". 81 m:mi.t:ariD;J f:t:eqlJency w::u::ksvery lole1l, as ane can al~ use
another station to attract the attention of the wanted station, either
usiD] tile sane f:t:eqlJency or another system. In this way several
"paths" are available to "set-tJP" a contact if necessary. It also
enables an occasional user to join the system at any moment in tiJne.

7.2 DYNAMIC HlOPAGATIClN mEDIcrIClN

'Ibis takes two foms, firstly t:1lme is the constant evaluation of the
l:eSUlts, via personal m:mi.t:ariD;J, log-book keepiD] by the main stations
and regular personal conversations with the ope=tors. 'Ibis
infannation is used to tailor tile monthly predictions in light of
ope=tiD:J experience.

'Ihe secarn is an "off the air" m:mi.t:ariD;J pLCXJLamne of station WiN in
BoIllder, Colorado USA.

One of the u:st useful develClfilWi'1Its in the study of the sunIs effect on
radio propagation was an offshoot of Radar develOpteIlt in canada c1urirq
the secarn world war. 'Ibis was llICStly due to WOl:k done by A.E.
COViIgton for the National Research cemx::il of canada.

COViIgton fourn that when solar noise at 2800 MEIz was measured the
amplitlX1e of this noise CXJLxespc::n1ed to the ZUrich sunspot JlInnber (Wolf
rnJlllber) • 'Ibese two factors tied in with the ionization density of the
F2 layer and hence with the naxjl1JllJD usable fregpenc:y (see figw:e 7-1).

Accurate neasurilJ;J equiptent was developed and CCIItinucus m:mi.t:ariD;J of
what is rrM called solar flux was started in"1947. For sane years rrM
this 2800 MEIz data (rrM kna.m as tile ottawa figw:e) has been measured
at 171100 Gfl' and sent automatically to BoIllder in Colorado, USA. :From
here it is sent out again at 18h00 Gfl' by station WiN of the National
Bllreau of stamards (U.S.A.). It is part of a brief propagation
bIlletin ca=ied in the "Gee alert" slot at 18 minutes past the hoUr.

Unforbmate1y station WiN is rarely aUdible in the westeLn cape region
in the evenin]s. Signals are fairly lCM level and d:lsa:rred by other
tiJne signals. 'lhus the infannation can usually not be taken cbm here
before the next m::n:nin:J when the ottawa data is sane 14-16 hoUrs old.
Station WiN is even pc:lC)Ler c1urirq wintertiJne when short-path
propagation from the USA is very bad. Regrettably the sister station
WiNH in Hawaii that is very strcnJ] all day on the ltnl] path in winter
does not can:y the ''Gee alert".

Still ernJgh useful infannation can be exb:act:ed to make it a u:st
useful short-teLm propagation tool.

'Ihe hoUrly bIlletin gives:

a) SOlar flux (ottawa JlInnber)
b) GeaDagnetic A imex.
c) BOil] c'!er K in:lex.
d) Brief statement of solar and ge il"":Jl"Stic activity in the past 24

hoUrs.
e) Predi.ct:ed solar and geanagootic activity in the next 24 hoUrs.

(a) and (b) are dlaIIJed at 18h00 Gfl' and the otheLs are updated every
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tln:ee haIrs (03hOO, 06b.00, 09hOO GMr ••••••• ).

'Iba easiest parcnnet:eJ:s to use al:e the brief statements (d+e). Altbcngh
this :refeI:S to the Bcnlder (Colorado) ama, one can mmpare the
stateIoont of BcW.der activity with one's observation of ones own
lcx:ation. Keep:in;r the canparison in mini, one can :new dl:aw cancl.usians
far one's own ama fran the 24 hour forecast given by WiN.

'Iba solar flux can be used to keep track with the sunspot rnDDheTS (fig.
7-1) • 'lhi.s is the lIDSt up to date way to d:ltain the sunspot c:amt
other than observinq the sun (by projec:tian) am keep:in;r one's own
reexn:ds.

'Iba mxt step is to dlart the solar flux, A-:iniex am K-:iniex on a
graJ;il on a daily basis.

It will be noticed after a fal m:mths of graJ;il-keep:in;r that the tln:ee
parameters teOOs to peak at 28 day inl:erval.s. 'lhi.s conesparrls to the
sun's rotational pericx:l.

n.n:in1 periods of high values, di.stm:baIx:es IN'r:l =. Operators al:e
tlnls advised to tty am clear as :much traffic as possible before a peak
is readJro.

SOlar flares can also be detected up to 36 hwrs in advance. SUdden
bJrsts of solar activity al:e ac';) 81!feni.ed by ejection of dlarged
particles fran the sun. They :nonnally reach the earth's a'b'1xlsfbere
24 to 36 hours after the art:burst.

Majar flares al:e aIlIlCllIllCE!d by station WiN. '1he t:i:min;J of the f1al:e is
announced am the flare is given a zatinJ. 8alIe hours later, if the
particles are intercepted by GeostatianaJ:Y satellites placed in orbit
solely far this pn:pose, a 'Iprot:cn event" is aIlIlCllIllCE!d. DIe to the
reception delays, it is mnnally anly possible to issue a 12 to 24 boor
warnirq.

First in::lication that sc:anet:h:in;J is abcut to~ is a rise of abcut
10 points in the solar flux value. 'lhi.s means an :increase in :maxi=
usable fnlquency, thus better lcn] ranje cxmmmication am degraded
night-t.ilm lcx:a1 ClfX"=ti.on between 2,2 am 4 MHz. 'lhi.s corDitions is
exploited to run high quality radi~tel.epbcnecalls to FraIx:e am the
U.K. far crew members who reside in Eill:qIe. .

'Iba abc::lve is supplemented by propagation waJ:IlinJs received fran the
Magnetic Qbse:rvatcn:y of the arrR at Hennanus.

On several occasions haiever, the WiN data gave warnirq IIDTe than 24
hcurs before He:r:manus.

'Iba HennaT1lJS waJ:IlinJs haiever al:e very useful. if no data can be
received fran WiN (i.e. in the winter lIDlltbs).

In the near ful:m::e it is int:en:Ied to evaluate certain c:anp.rter
pLogLanme packages, with the vial to us:in;r these pLogLanmes to rapidly
disseninate data so as to assist in prediction am propagation
warnirqs.
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7.3 0PERA'l0RS

CcUpled to the prediction service is constant pressure that has to he
bralght on certain cp::rators that ignore laid down monit=inJ
:frequencies ani siJIply dJan;Je frequencies on "gut feel.". 'Ibey regard
propagation predictions as ''bene t:lm::Min:J" ani of no value. Hi:MeVer,
the results are startin;J to c:onvince lIDSt of them that a viable case
can he made for usinJ predictions.

On the other bani, the l:lett:er operators provide a cxmstant stream of
feedback, such as cbservatians, suggestions ani pmbinJ
talght-pmvck:in;r gJeStions. 'Ibis has resulted in an acx:nmnl ation of
experience, that is used to tailor predictions ani cp::ratinJ
procmrres. 'Ibis results in day to day~ of overall system
cp::ration.
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ANNEXURE A

ATMOSPHERIC STUDY RESULTS
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ANNEXURE B

VHF SITE SURVEY
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'llii.s is a 70lm high peak in the Richtersveld nnmtains near the

settlement of I.ekkersin] ard 30m fran the roastline.

'!he site is inaccessible by m:rt:or vehicle ard not practical to read1 on

foot. '!he only practical method of readlinJ the site is by

helicqrt;er. '!he peak has a flat tq> abaIt 175m in diameter, makin:J
helicqrt;er awroadl easy, bIt is :rocky ani uneven, bIt a lardin] site

can be cleared.

No mains power SlWly exist. '!he area receives an average solar

i.n:adiatian of 800 kT/=', ani is tiros an excellent prqx:sitian for a

{Xlot:cI7oltaic power system.

'!he meteorological station at Port Nolloth sane 34km away has a mean

annual wiIx:lspee'l of 3,1 mjs. '!he I.ekkersinJ site is not on the coast

as is Port Nolloth, bIt against that 'iie have the fact that it's

elevation is 70lm a!:JoIre sea level against the 4m of Port Nolloth. nms
the saIIe sort of mean annual w:in:1speed can be expected. 'Ibis is born

azt by the fact that Q'Okiep d:crer inlard has a mean annual wirosp:>ed

of 3,3 mjs.

Wirrlspeed in the 3 to 4 mjs :range is not considered high enoogh for

primcuy power, thus this site is good for solar (Iilotovoltaic) primcuy

power with a wind dJarger for occasional ''boost'' dlarge at tines of

high winds.

No i..nfrast:ructu of any kin:l. is in existerre.

Coverage fran this site at a k-factor of 1,33 will be 106km, tiros 76km

offshore.

Coverage p=file is~ in figure B-1.
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'lhi.s is a l3l3m high peak in the Spekt:akelberg llDlIltains near the tcMn

of SprinJbok am 75km frail the coastline.

'Ihe site is acx:essible by a poor road. It is already ocx::upied by the

SAOC, P&T am several other users.

Mains pavler can be dJtained frail the SAOC am antennas may be placed on

their tower by awroved users.

At t:iIDe of writinJ rental of site CXJSt R100 p.a., pavler R600 p.a. am

use of the SAOC tower RSOO p.a.

Private users must erect their own OOildinJs to haJse equipnent. DJe to

fog, OOildinJs may "leak", not wit:hstarrlin:J the dl:y climate. It is

essential that roof~ be well sealed.

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

offshore.

Coverage profile is shown in figure B-2.
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3. Ieliefantein

'Ihi.s is a 1525m high peak in the Kamies nnmtains near the village of

Kamieskroon ani 68km fran the coastline.

'!be site is accessible by a fair road. It is a1ready ocx::upied by ESRI::M

who have allowed SOEKDR to use it's bui1din:] ani 24 netre high mast.

801ar irradiation is high (800 kJ/cm') ani ESRI::M use on1y IiJotovoltaic

~. Soekor has used this site with a ];ilotavoltaic system to~ a

34/41 Mhz system with no pcM!r SUWly prd>lE!l15, notwit:hstarxliIq the

fact that a very small so1ar cell system was used.

win:l is very light at llXl5t tilIes am not considered a practical

pLqJOSitian.

CcVeLage fran this site at a k-factor of 1,33 should be 156km, thus

88lon offshore. we used this site to CYlIllIl1micate with an oil drill

180km away. '!be antenna on the drill was placed 28m high. 'Ihus the

k-factor be aile 1,35. HoweVer, lOOSt of the tine good CYlIllIl1micatian was

not possible. 'Ihi.s was in part p.It c:iam to the m::mrt:ainaJS terrain

tcwaros the roast. 'Ihus an alternative site, namely 7bringberg closer

to the coast was also evaluated, notwithstand.in:J that it is at a lc:Jlo.'er

elevation aJ::xJve sea level.

OJIrerage profile is shown in figure B-3.
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'!his is a 548m high hill an the faDIl of the sane name of Mr. van

Eeden. It is located near the settlement: of MOlsvlei west of

Bitterfantein arx1 SCIlE 27km fran the coastline.

'.Ibe site is accessible by faDIl track fran the hanestead of Mr. van

Eeden. No infrastruct:ure exits on the hill l:nt it is a gocrl site for

the erection of towers arx1 1:xJiJ.din:Js. Mr. van Eeden has i.rrlicated that

soekor may ocx:upy the site free of charge.

It is located in an area of high solar irradiation (700 J0"j=') l:nt

unfortunately located on the edge of the west coast fog belt. 'Ihus

many boors of sunlight may be lost. Hi:JWeVer, next to the hanestead is a

P&T microwave taNer that is entirely solar~.

'.Ibe site seems to be perfect for win:i pc:xorer. It is the highest hill in

the vicinity arx1 thus cpen to win:i fran all d:irections. A fairly deep

gully exist up the hill frail the seaward side arrl will help to dIannel

the predaninant onsho:re win:i onto the site.

At Mr. van Eeden's hanestead awroximately 88m below the crest of the

hill a w;910 (50 watt) wirodJarger is erected at low height. (awrex

2,sm above grourrl) • '!his unit charges a 12 Volt battery system that in

turn powers the hoosehold lights arrl a portable 'IV set. Mr. van Eeden

states that this small dlaI:ger has been sufficient for years arx1 he has

not been left without lights or 'IV. He states that except for times of

fog, the win:i blows at a reasonable rate for IOOSt of the time.

'.Ibe:re is IV) :infrastructure in existence on the hill.

OJITerage frail this site at a k-factor of 1,33 will be 94km.

Q:lITerage profile is given in figure B-4.
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Fig B-4
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5. Gifterg

'lhi.s is a 793m high m:mtta.in near :Klawer, just soot:h of Vanrtlynsdorp

am sane 40km fran the roastline.

'Ibe site is aa::essible by a fair road. It is already cx:x::upied by the

SAEC, P&T, ESRl:M ani a lIJ.l1titude of other users.

Mains power is available fran ESRl:M at nomal :rural rates. Private

users IlIJSt erect their own infrastructure. At the time of plblication

the owner of the site Mr. van der Westhuizen d1arges R50pn for use of

the site. 'Ibe SAEC IlI.lSt also be CX"p"nsated for use of the awroadl

road.

'Ihe site is on tql of a sheer cliff face that drops away vertically f=

alxxIt 400In. Soekor has dJtained the right to place their tower right

on the edge of the cliff, thus naki.nJ it an ideal VHF site f=

''take-off'' towards the sea.

CcNerage at a k-factor of 1,33 will be 113km (73 km fran shore). 'lhi.s

was home cut by practical tests to an oil drill.

'Ihe site is subject to high wi.rrls am thus low barrl VHF antennas are

subject to severe windloadi.n:J. As a result large aluminium antennas

are easily damaged. It is advisable to use stainless steel antennas.

Even these are saneti:nEs damaged by wini.

CcNerage profile is shown in figure &-5.
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'Jhis is a high point of 650m an the exl:Leme west of the Pi.ketl:Jerg

m:mrt:ains SCIlE 21km frcm the coast.

'!he site is cx:cupied by an Air Force radar statioo. several private

users have been alla.'ed to use the site. Access is by an excellent

road, but unannoonced visits is not alla.'ed.

Mains~ is available frcm the Air Force.

Users III.ISt erect their own bli.ldiIgs am antenna masts.

Coverage to the~ is limited by the radane of the radar

statioo.

Coverage at a k-factor of 1,33 will be lO2km, thus 81km offshore.

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

'Ihi.s is an SABC site an virtually the highest point of theP~.

Accessibility is by a good road to this 1027m high point SCIlE 55km frcm

the coastline.

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

Wile rental of the site cost RlOO per year.

Users lIIlSt erect their own infrastructure.

'!be site is slightly covered to the Northeast, but gives good cover to

the sart:heast where the coastline is 75km away. 'Ihus this site ani

Kapteinskcp CCIIplinEnt 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 p=file is sham in figure B-7.

Fran the coverage profile it can be seen that the Postberg nnmtain

(hills) an the western side of the Ian]ebaan lagoon may present a

prd:>lem if a borehole is sited fairly close to the coast ani in line

with Postberg. 'Ihi.s will only affect a small arc frcmp~ (al:loot

8°) affectin:] an aJ::ea of awroximately 800 km'. To cover this aJ::ea a

site an the Postberg nature reserve was also evaluated.
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8. Konstabelberg

'Ibis is a 188m high hill in the RJstberg private nature reserve on the

SDa1l larrl edge west of the Ian]ebaan IagoCHl.

'!he hill has a flat tq;> suitable for helicopter qlerCltians. once a

station has been established, one can drive to a neamy aban:ianed mine

site ani walk the :remaininJ 600m or so to service arojor maintain

equipnent.

No pc1Ner or infrastructure exist on the site.

'!he site receives a solar irradiation of about 700 :kiT/an" but is

subject to fog. '!he site is qleIl on all sides, while surrourrlin:J

neteorological stations report high average wi.JXi speeds, thus one can

safely assume average win:i speed of 4 mjs or nx:>re, thus nak:iD;J it a

prime wi.JXi paoer site.

0Jverage at a k-factor of 1,33 shalld be 55km, thus 52 offshore.

0Jverage profile is shown in figure &-8.
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9. CCXJstanti.aber

'Ibis is a 928m high peak

Peninsula.

virtually in the centre of the cape

'!be site is 2cx:essible by excellent road. '!be site was develqJed by

the SAB:: ani mains power nay be dJtained fraIl than. '!be same rates as

Nababeep awlies (3.1. 4.2) •

Coverage at a k-factor of 1,33 slnlld be 121J<m in a 220 degree arc

st:retdrin;J fraIl 125° to 345° true north 1:Jearirr:J.

Near the site is a weather Bureau renote wllLrolled Radar station.

'Ibis station operates on a frequency of 5,6 Ghz ani radio wave

reflection fraIl ships is dJtained fraIl 160 km away.

Coverage profile is shown in figures 13-9, &-10 ani &-ll( 345° ,270° ani

165°) respectively.
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10. Sneeukop

'Ihi.s is a 1590In high peak in the Hottentots HoJ.J.arKi lID.Ultain ran:JE! sare

34km from the =ast at cape HanJklip.

'!he site is accessible by gcxxl road. '!he site was originally developed

by the P&T for a mCl:ONclve tower bIt several other userS includi.n;J

ESI<l:M IlO!tl occupies the site. ESI<l:M has inllcated that soekcr may use

their I:xlilding, tower and mains power."

'!he site suffers from severe high winds and snowfalls. 'lhus only

stainless steel antennas will survive.

Coverage from this site at a k-factor of 1,33 will be 159km, thus 125J<m

offshore.

coverage profile is shaNn in figure B-12.
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11. SoetJmi.sberg

'Ibis is a 753m high point in the Breiasdorp nomtains near the tGm of

Napier scme 30km frail the coast.

'Ibis is a SABC site ani a=essible by a very goo:i road. Power can be

obtained at SABC :rates similar to Nababeep ani other SABC sites.

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

offshore.

coverage profile is shown in figure &-13



00
,;:.

"l....
<0

trl
I

I-'
tu

m.:m.:

~@j
' '-rri ,~ .' ':t IT' , ,_ """; H-J-tII i_f-tr, i !1: : I ,:;", , ,:::' 11i!-i-R"-4- l-- I-~t-_ .

.,-- t 'I" .It 11, '1 1-j.....I--,~..... I '_J- J-J-l-t~.'I' ", ", I' , , , , , " ,,' I I ", ' f!j:f-+ j-~l=t ~. t- L:-:-.,... ~k
• .....J-I-- J-~J- J- ~J-~ " I I' , I , , , , I , " ," ,,~ttl- 1- ~~ ~ ~ . ~

e:f
.... J- J-' J....... 1-.... , , , '" J ,- f-f-j.-I I ,.. ,'I- ,-~ r- N

J-I-- J-J- ....... I-J- I- I I I'"t"r ... • I- - -. '-:-1-' f..
I- J-I--~ J-J-t tJ-l-J-t I- ' , " I I, '" I. -I-. f-. - t f-.I- ~t I- f- ",... ........
J- J- )..-J- J- I' ,I 1 I 1 I I I , , I I , , " . f-. I- l'___ r~I-''' :.--r:i--, , .J-J-' J-J-f:J-;.... t:,..: , 'I,:, 1";' 1 I 1 I, I 1 , I 1 ,c...j-" _I-I:t: j- ~ tl--~ lJ J

J- ..... :--J- J-"- J- .... :-J- , . " -to- t- ,- '-f.. " 2
....~J-J-~J-~ :-t :..-tJ- t,- " ., I I , -f-. --f-. t tl-- tl--r-.::::r-. 2 x m

"J- i--J- .... :-- I-j;.. I- ' I I 1 , , I 'I I Ij f-. --I-- ~ I-- I--f- r- . .
I--I...ti--~I--J-~I-- '~t ~j...1- 1--1-1 ' ", " ! , , : I :-::::1- -""f-. I-- f.. I--f- ~ .

~~tl--~~~t~ tJ- I--tt I-J-[::t': I, 'I I 1-.. +. '_::::1- ::::::t ttt tr-. ::::~
.... J- 1-- .... 1-- 1-:- :- :-J- I , , , " I . _ I- I-- f- r-. t---' •

J- ~J-J-I--I-J-:-- CJ- L...:-I-- 1-1- " I I , I"" 'I' I. _I- _ -I-' 'f-t f- "r-
J-J- J-~tl--[::[::t I- J- J-I--J-

"
" H .. f- t " 'I -t --t tl-t t l=:f::

/ [::J-ttJ-tl-- t t J- :-1-1-- , I I I -t ::::1-1-- tr-. I-- ,,~
~ / J-I-- J-J- I-- J- I-- I- I- _ _ -- I-r-. f-:- t-- .....

/ ,J-r''-J-tJ- ' J- J- 1--',' , ." , " ! '. -: , , " ", - -:::: _ --, I-'--,...tf-:- ",......
/ I--H-:J-J-J-/ 1--:- I- I', I ." " , " . ,_,... _ -- f- f-:- t--- ......
:::: I--J-ttl--[::[:: I- tt' I I -- -_- f-.ttf-t:::: ::: ......

/ I-- 1--1--:-1- J- I- _ I- I , -,... --_ f-f- f-f-:- " ......
..... / J-t 1--1--1-/ J- t: _ 1-'- I I I 1 , . " I I 1 I ::::- c...__ f-f-tf-f-..... _......<::: J-;... I--I-J-:::: 1-1--_ - I- ~ , , I' 1 '" I I " 'I " ,... --- f-f-f-t,... i-- t---2
..... / ;...;... I-- J- J-J- _ _ :-J- I I I 1 _- --, f-I-- f-. I-- t----..-
/ I- I- I-- ;...1- _ 1-1- 'I' - _ r-f-I--r-.i-- ~ 1---'-<::: J-tJ-I-~1-- ;...<:: - J-J- I ,- - ::::- - I-r-..... r-...... t---t::i
// . I-J-J-I--I--- ,- _, .... _ f-f- ..... i--.......... I---
-::/ tl--J-tl--- _== - ill I 11 I ::_ -_- f-I--r-'--..... ~::::
.... .. ... J-"-J-- I! I' - 1--1---1--.... I---
/.... I-I-'J-J- / - _- i I I ,! I I I -- - I-- 1--1--..... I--- .....

r..< I--I-J-tt-_ -_==-- -+- " I' 1 ", I - :: - :::-- f-tt-I--.... ~::-I...... I-- J-"', _/ _ -+- 1 1 ' , , , -_ -.... -- f-.c -f-..... I--- -
/ 1--1--:--;-- ..../-:' _,- ,_-,~ , , , " " ",," ,~,--_, ,__ , !--'-i--,I--..... 1-...:.....

/ / ....... _I-- i'-...f -t: ..;-~ , ,, ' I ' ill I , I I" :=:::-'-:::-...._ r-. !--r-.i--:::.... N::::
.............~ l--J..-I-- --t - _..-l- -t'I-- I I' " I 1 1--_::--::-- I--i--r-.i--......... ~
..... J- l--... J-/J-- J- I I 'I I 1 '" 1-_ - -- I--I--f-f-..... .......-

J- J- :-;... , " '" I I , , t- l- .... f- N::::
J-~ >--j::::--tJ-J- I--tJ- I-}-I-- "i I I I , I I I I I t-ttf-t-f-r-. N:: I--tr-. N-...
1--1-- J..-I-J-J-J-J- J-J-I- ~ I '" I111 I I' I I-I-I-~t-f-.f-I- h 1--1-1-- ~
i-- .... t::;.. J-, .J- J- :-:...1-....; I-}-I--i' 1 I I I I- f-.I-I- f-. f-. f-. f.. I-- I-- r--..c'
J- J,...t-J-..... J- I- I--H I I-- " I I I , I- I- 1-1- f.. f- ........

J-~t K tl--§fE:-+-' ttrti [:ttt, :, I' "I' 1 I , '~o' : ! , , 'I ,f-H:I-tl-tt~ N.:~. tt~
l::N::, ~ P:::t t ' ...~'~ '50 '0 70 90 100 110 tt:t:tl-~t,~ +~_, R::N:M-+-.ttf'-">
I./' _~""I....... "-- ' ,;... , 0 ' , -.......L:"'1- . . ~L , ...,,!-.,:--.....:,........ __ I- ' Il- . _ --.....; ., ,. ,-I.'

~ :~'-;--"-~30 . Ikm.-m!PATH PROFILE CHART IK=4/
3
1' ':'~':":tJlj::::j

IC) '4

o SITE I CO-CRDINATES I MAP N2·HEiGHl1a.s.l.)IANT.HE,GHTHOP LENG,Hi L.'J.S.U:rl!I.Al -...;
lA Soetmuis rg 134 0 32' S'19° 54' E, 34.1913D 753 m., - m., 110', 82 km
18 Si E, <er.

.-

".

soo

....00

~o

~" ..:':' .';

. '00

-''''! ::'~.,



85

12. Grootberg

'!his is a 1637ln high peak in the Boesmansbos wilderness area near

He;delbexg sane 50km fran the coastline.

'!he site can only be reached by heli~ in good TNeather. '!he tq;> of

the peak is snail ani r=ky.

No mains power exist. '!he average solar irradiation is 600 ~/an' .
'!he peak is subject to very high wilDs. 'Ihus it is suitable for wini

power, but a type of win::Idlarger must be used that can withstani severe

wirnstonts.

No infrastructure of any kirrl exist on the peak. '!he reserve is under

cxllluol by the Dept. of Nature OJnservation of the cape Provincial

lIdministration.

At a k-factor of 1,33 the =erage will be 162km, thus ll2km offshore.

o:werage profile is shown in fig. &-14

A lCToler peak called Hori.n:)bel:g exist 4km seawaJ:ds fran Grootberg. '!his

peak offers a small plateau, thus is far more suitable f= heli~

qJerations.

'!his peak at an elevation of 1450In only offers 152km =verage. (106km

offshore) •

o:werage profile of this lCToler peak is shown as a broken line in figure

&-14.
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13. Riversdale

'Ibis is a high point in the A!IaJDelbosberg about 23km north~ of the

tc:Mn of Riversdale am 40km fran the coastline.

'!he 600m high hill is a SABC site also occupied by FSRI:I'I am readled by

a good road.

PcMer is available frcm the SABC at R600 p.a. lNhile site rental is R100

p.a.

Users lIJJSt erect their own buildi.n:J. we have found that a proper

buildinJ is a must, because glassfibre or similar enclosures is subject

to severe c::oroensation am, subsequently, equipnent in sudl enclosures

. suffers frcm all sorts of malfunctions due to m:>isture.

'!he site is also subject to fairly high wirrls, thus doors, etc. on sudl

buildinJs lII.lSt be of good qJality.

'!he site offers a clear take-off towards the sea am at a k-factor of

1,33 coverage of 98km should be dJtained (58km offshore) •

we have found that practical CO\7erage at 150 Mhz extems to llOkm While

reasonable ccmmmicaticn is possible m:JSt of the tilIe at rar¥JeS of up

to 150km.

eoverage profile is sham in figure B-15.



ell
0>

"J....
IQ

Cl
I....

U1

:

---, " ".",~ ,. , ,--, . '~~mIf
~
~~~' i: I j I; I 'TT I I 11 I j 'T-7;~-t-H-L.I_I·: 'l_,~-r--i"'-r---r---

, . : I I ...r I ' I I I ,I t I I I I , : I I 1 I , I. , ' I, I I I I-I-r--. ~i"""-o • I~ 1~,~, ' ' ,,, ',' ;" 11" 'I" 1 I" 1~, ---i-' I--,-~ ~I-[)-- X •~ , I' I ~ , • " ' , I ~'-":_J ' -, _-., N-"1'-~, ..'"
I I 1 'I I! I I i I I I 1 I I' I I , , I I --r-' L!;-' 1-; -I' I' l"i . "1."~~':: :..-1--:..-'~' rt:p,j::m~" ., , 1 1 " i'" 1 Ii 1 ..LJ I !....Il1.l :tJ-I--i::i----;t: f:r-I-~ t--~,_H r r- ~ 1 I 1 I I 1 I " I I r ., f, "I ,-1--1--' -.I--N-'I- 1__1--1- I- 1-1-,- l--t--.

rH I-- :--n-j... 1 1 , , , I 1 1 I , I 1 , I-r+-!- 1--1-1 1-1__ I- I- ,- I- ~
1--1--+ :- r- :--1-1'- ,,' 1 I I 1 1 I , " ,,' 1 I , I, ' , 1'""-...1... ", r-I"I-- I--I--~I-,;__ I'-I-h... I'- h...1~:-~1-~ :--i-:Vl:r:~~"" ' ; 1 1 I' 1 1 " "I I I , , I , I I , 'I I; :-':-~~~i- I_~I--I-I- I- I'-~ ~ I- J2

'I__ V, - 1-1- 1-":- .... :.- :....l- I' I I I I,; I-L i--r-r-t" 1'-1-1-1'- I'- 1-1'- f.,.1- 2 x m
:..- i-- i-r - I-"I!- ....:.- -r " I I , " I " , 1--1-'- _ '-I- 1-1'- I- I- " .
I-"~I__ V"" ):1-;: I-":-~'- -r " .. , I I I I I I " " " I ,: ,. I__I__I-I---~I_I--I-~I--;-- I'-~ f.,.", .
~I__I-I-V~", 1-"1__ j:: 1-"1- tl- I r-r :: ;:' I " : I :"', I , ':: I'-!-~ 1-1_ 1'-~1--t--j:::1'- I'- j:::1-- ~
i-'I--~i--r--:::I--~"'"' I-' I-"~",!-~ I" I I I I 1 1 I I 1 I ,-+ 1- -H+rH-+- ~I:I--~:::- 1-~I'-I--r: 1- I'-~ I-
1--1-- l--'" t'"",--1--1-1--1-- I-' ....!-I- , I '" 1 'I " 1 n-t+- I-- 1--1-:- I-- ,.,. r- I-- I-
:....1-- :..-t::--rl-H-: t:- ....~I-I- I- I' I , , " I 1 : 1 I , 'I ,.J.-i--I_C I- t 1-~i--1- I- l:: I-
:....1-- I-V>"'"!-"'>"'" ..- I- I-L- .' I I , t I I L "'1-!- ,- I- '-1_1- 1-1'- I'- I-
",I-" I-Vl-I-I-I- I-' I- 1-1-:-, t, " I I I I " I i" i +- l-I_I-- I--~i--I_ ~I--I- I-- I- h...
1-"' I-'Vrl--H-: r- I-' ;.-!-!-"1- ..,. 1 I " 1 'I 1-1-1-:-l-t-t'1- 1-1-1-- "- f.,.
1.-1-' I- V .... 1-.... ... ;.- l--l-- , I I I I I I I !- 1-1_ '-1-:-. 1-1- I-- I-I'-

;. v1.-1-- 1-'1 ""I-'tl-I- h rj::.:..l-- j...' " '," I I 1 -: , , :" ," 1 't-!-!-I-I--I- 1-l-1-;::::-:-- I-- I-
vJ..-1-' l--t'""~:-- 1-1- H-;.-l-- " ' , ' -i 'I I I , 'I I "I t- t-I--I_ 1-l-l- l-t- I-

," '. " . vI-I- 1-j:;-:;.-j::1-1- H-~I-j... t ' : I I I I I I 1 i--t::I-I-I--~1-1-l- 1-1- I- 1--1-
• -:,_.,:. J..-I-I- I-Vi-1-'1-1- H-;.-:--!- I ' ," I i--1-1-1--:-1-- 1-l- 1-1'- I-- I-

l-- 1.- I-' I-'V I-'1-1-1- i-f' I-l-- I " " 1 1-1-- t-I-- I- _ l-l- i--1-1-- I- I_ 1-- l-
V i-- l- i...l- I , I I I I I , 1 1 I I: , I, r-.... 1-1-- I- I- " ...

, ,', ' r:....r:: I-"vtt::i--i'::"" cl:=<- : I' " : I 1 I"'" I " " I, t-I--I-"-::- -tl-I--~t,,;- I- t:-"
• >"'"I--r "'"Vr- ""r- r J.- I, I I I I I 1 , ,-,-_, -1-1-- ,-:-- t-- '-"

~:""I-- I--V:-~i--~ I-~\-;-- , ! , I-f:tr---I-I-I-~I-r- I- ~"
I__~~ ~H::::t:i--t:.... ~I-"t I I , , I I ' ,- tl-l-f:--f:~~I-~~ ~ r-.:::
r:"i-- ~V""t:... "" . i--~:.... , I I I" I I I I I I I-~I- r-_::r- I-~I-r- ,... r-. ....
r-I__i-- i--V"'I__:-I-" 1-""" >- I- I 1 II' I- 1-1-1-1- 1-1'- I- r- I-
~I--i':: I-vi':: H:: I-I-:-~>- tt: '' I I t I 1 I I I I I t-I--tl-:--:-;::i-- ~I-I'- I'- 1'-1-,- :::1-
,.. i-->"'" I- r-:-r I- L- ' 1 I 1 " I i-- 1-1-- t- 1-1'- I'- ,- I-
~i--'" ",h:::i--"," ...1-1-" L- -" I , I I I I I '" t- I--tl-I-:-tl-I-- 1-1-:-- t: I'-~" ""
~"' ","~i-- :-, , 1-.... 1-", ~,' , "" I , , : , I " " • . 1 : I " ~~:-I-I-~' I- 1-'
""i-- ""V" 'i-- l-1 I-"i-- .;-' -!-' " ,," " I I , I I , 'I I-t- t-I--P-

1'::.-1':: ..."'V ":: I': ~ I-i--~ ~ I , ! I I I I I I I ,.. I--tl-I-I--tl- ~I--I-~ f-. 1'-1--,- ",,'
>"'"",r-I--"'"' :""r- r- ., I-" L- i I I 'I 1-1-l-' - 1-1- I- I-I-'-f.,. :--

~O r~"," I- I-~L- , I I I' I I I I I , tl-1-I-1- I:l-I-~ 1-- I-I-I--r-.tl-
"' I- I- I- U- ' I I I I I I I I , I I- 1-1- 1-1-1- 1-- 1-1--1--1- I-

I:::I-'I-~ r- "" ' ': " I I I I, 'I I : t~i--:-1: ~I-I-I- I-- I-I--~I-t....
,. "'I--" 1-',- 11, ~i,.. U- -, I I , I I I- :-:--~ I-l-I_I- I- I-I-i-.tR. >"'" ",' l- 1-"-,.., ..,. • , I I I_i-- 1-1- I-

400 ILf "' vl.j:: I- ;.- ....t r::r:.~....'H-.-!-J., ,I' ,: I' I I , , • I ,; : !-t-I-tt tl'-H:;--I-~~ I--b"N.:--tu ____..........- J:..+-r. .---, '- .,., "0 ' , I I. I- '-I- '-, "'-'.I-~'~
~' , "'H" t::i::H-t~' . 60 ?O Q 'l0 'IS t-+-1-" .. N l...:~I-,'
t.-Y~ l-,~ ~Y .50 ,~J:::b"'-l:t·~.i t-Q":I--i. '

"00 f~~so .' Ikm~mlpATH PROALE CHART IK,4/,1 . -......~,'~
V SITE I CO-CRDINt.TE:S I MAP N2·HE:GHi1c.~J.)It.NTH:::GiiT HOpl~JG,"',L.O.5.:SreI.AI

o lA Riversdae 134°01'5 1 21°08'::, 3~2!AA 600 m.' .. m.' 98M-; 74km.
18 ; SI:: , m.. m.:

,



89

14. En:Jelseberg

'!his is a 152ll1l high peak in the Jonkersberg nature reserve north of

Groat Brakrivier ani 23km fran the coast1i.ne.

'!his peak is IOOSt i.nterestin:J as it is virtually on the 22· latitude

ani thus in line with a very active oil ellploration area.

'!he peak offers a flat plateau suitable f= heli.ccpter q>erations. It

is possible to leave = awroach the site on foot without resorti.rq to

IOOllIltain cli:mbinq by followinq a fon!SLLy firebreak. '!his offers a

good lIescape rart:e" f= ma:int:enan::e personnel if evacuation by

helicx:pter beaTnes illJfOSSible due to rapid ¥leather deterioration.

'!he peak is situated near n:lsse1hay ani George fran where Soekor

=n:iucts helicqJter q>erations at pLesent.

Solar irradiation is 600 kJjcm' ani the fOLesLLy personnel irrlicate

that there is always scme wirrl pL:sent on the site. 1IoIVeVer, there are

many days that the peak is COITered in clood.

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

sea.

'!he site is aboIre the SI'lO'N line ani at tllres aboIre the altitude that

hail is fOLmSd. '!his nay result that at tllres the signals are ducted

aboVe the inversion layer, VIhile the signals fran the laniwaLd base

station ani the drill's at sea are~ belOfN the ten'p>.ratuLe

difference layer. (It nay rot be a serious prdllem for the neaLby base

station, bIt nay seriously affect the drill weaker signal.)

Coverage profile is shown in fig. &-16.
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15. George

'Ibis is a 576m high point en the foothills of the George peak in the

outenikwa lIIJUIItain ran:Je just cutside the town of Geo~ ani sane 10km

fran the coast.

'Ibis was the original site used for the first system as deSigned by Mr.

van Niekerk ani as such Soekor has good inf:rast:rucbn: en the site as

lIIe1l as a )1UIlDer of year's experience of cprratien !ran this lccatian.

'Ihe site is SABC prqlerty ani also used by ESRCM, FDresLLy, SA Radio

league (Amateurs) ani a JlllIIIber of private users. Access is by a good

road, ani it is even possible to walk there fran a neamy railway stop

(Power siding is 600m away) •

. 'Ihe site offers a clear take-off CNer a wide angle, as lIIe1l as givin:J

COITerage of the P.w. Batha airport, M::lsse1bay larrling field, soekor

office ani stores in M::lsselbay as lIIe1l as moot roads in between.

Coverage at a k-factor of 1,33 shoold be 96km. (86km offshore).

Experience has sham that reasonable cxmrnnicatian can be d::Jtained moot

of the tine up to 150km away.

Coverage profile is sham in fig. B-17.
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16. IaIJ;Jkloof

'Ibis is the highest peak in the !imJkloofbet:ge, part of the nIten:ikwa

rarge scma 22km fran the coastline.

'Ihe actual peak is unnamed ani 2,5km seawaJ:d of the one knovm. as

Nieker.ksberg, a praninent 1andmaJ::k in the mi dde1-IaIJ;Jkloof area.

'Ihe peak is 1618m high ani it's tri.gooanetric beacon makes out one

= marker of the Ksm+o !Iscivier state forest.

'Ihe peak can only be read1ed by helicq:Jter am no infrastructure of any

kin:l exist•

. 'Ihe site is suitable for win:] eneJ:gy as prine pa;er ani also receives

am average solar irradiation of 600~/0Ii' •

'Ibis site may suffer fran the same prdJlellS as EDJelseberg, namely:

STDi, high win:] ani tenperature inversion prdJlellS.

OJITerage fran the site at a k-factor of 1,33 will be 161km, tiros abaIt

139km offshore.

CoITel:age profile is shoNn in fig. &-18.
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17. Cockscanb

'lhis is a 1758m high peak in the Groot-Wintertloek DrlUIltains aboot 88Jan

northI;est of R:lrt Elizabeth ani awraxtmately 65Jan fran the coastline.

UnforbJnately it is not possible to ream the peak by road, but only up

to 135Dm elevation. No i.nfrastructure exists.

Solar irradiation is 600 KIfan'.

several private repeaters as well as blo S.A. Radio league (Amateur)

repeaters are in qJeration fran this nnmtain. One of the amateur

repeaters (on 145Mhz) gives coverage to nd:>ile stations up to Graaf

Re:illet, nearly 150km <NaY,

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

over 80km offshore.

ceverage profile is shown in figure B-19.



Fig B-19
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ANNEXURE C

OFFSHORE HF RADIO EQUIPMENT



IISAILORII SHORT WAVE PROGRAMME 1000/B

S. P. RADIO AlS . AALBORG . DENMARK
~



!

'JTRODUCTION
he SAILOR short wave pro­
,amme 1000/B has been de­
gned and produced by one of
urope's leading manufacturers
t maritime radio communication
quipmenl.

he SAILOR short wave pro­
,amme lOoo/B complies with all
1!ernational specifications such
s CEPT. MPT 1224 (UK). RS.S.
81 (Canada) and RR 2110 (Au­
Iralia). All units. except the
:1135. atso comply with F.C.C.

SA).

FEATURES
• High transmiUer oulput. 400 or

1250 WaU PEP. automatic
aerial coupler and pro­
fessional receiver design
ensure maximum range and
penetration under all con­
ditions.

• Full duplex as standard.

• Automatic radiotetex - even
with one aerial.

• Unique receiver design en­
ables the station to be opera­
ted without blocking calls on
radiotelex.

• Rack system ensures flexibility
and ease 01 servicing.

• Professional, mechanical con­
struction. Nylon-coated cabi­
nef and Ironl panel. AIJ con­
trols in mirror-finish, chromium
plaled brass or impact-proof
plastic. Aerial coupler in mir­
ror-finish, acid-proof. stainless
steel. Insulator in reflon.

• Very compact construction 01
stalion and aerial coupler.

• Simple to install, aerial switch
and dummy aerial as integral
parts 01 the equipment
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EXCITERS
Sl303

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.
A3A. A3H. F1. A1 and A2A. Op­
tional switching between USB
and LSB. Independent side­
bands as oplion.

Frequency stability:
0" C - 40" C. less than ±25 Hz.

Long term stability:
Less than ±25 Hz.

Short term stability:
Less than ±2 Hz.

Remote control from automatic
telex equipmenl possible.

S1303

Sl304

The S1304 has the same data as
the S1303 except that the Ire­
quency selection is limited to a
maximum of 256 programmed
frequencies.

he SAILOR Programme 1000/B Consists of the
allowing Units: .

RANSMITIERS
he T1130 and the T1135
re bolh fUlly transistorized. Frequency range and Iransmission
odes as for exciter.
oad impedance: 50 ohm.

I Output:
Transmitter ACsupply DC supply

T1130 5OOWPEP::L~dB 5OOWPEP::L~dB

T1135 1250W F;EP::L~ dB 1000WPEP::1.~d8

'1130

AERIAL COUPLERS
AT1500

is used in connection with the
T1130. Automatic luning time is
typically less than 5 seconds.

Aeriallenglh: 5 • 16 melres.

Maximum output: 600 W PEP or
300 W RMS. (An automatic regu­
lating system in the 81303/4 en­
sures that lhesevalues are not ex­
ceeded).

All connections are by means 01 a
specially developed mulliple plug
in the base of the aerial coupler.
(16 x 0.5 multi-cable + 50 ohm
coaxial cable).

When installing. the aerial coupler
need not be opened.

No tuning or pre-adjusting 01 the
aerial coupler necessary.

The aerial coupler is to be instal­
led outdoors.

AT1505

is used wilh the T1135 and has
the same dala as the AT 1500 ex­
cept:

Aerial length: 9·16 metres.

Maximum output:
1500 W PEP or 750 W RMS.

,~,_.~-

i

AT1500
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TRODUCTION
day all ships have a growing
ed for communication. Error­
e telex via the SSB HF radio­

l2Phone can close the com­
unication gap where a printed
essage is required.

lex connection with other
ips as well as with any telex
bscriber in the world through
e international telex network is
ossible today with the SAILOR
diolelex system and the SAI­
OR short wave programme.

he new technology has made
possible to produce an ad­

anced microprocessor control­
d radiolelex modem which is
e most economical telex com­
unicalion system of loday.

lover the. world, coast radio
lations are being imprOVed and
u(omatized so that they will
cntinue to be able to meet the
rowing demand for radiotelex
ommunication.

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 trans­
.ission and reception of telex
,essages between the ship and
,s public telex network via a
oast station - 24 hours a day.

he SAILOR radiotelex system
,as a screen-oriented text editor
;ilh a 256 kbyte text memory.
or easy operation, full solt-key
ommands of all editing and sys­
m commands are included

ystem Operation
he SAILOR radiotelex system is
apable of telex communication

several error-correcting
des. When sending a lelex,

e operator selects the mode.
hen receiving a telex, the sys­
m automatically detects the
ode of the incoming telex.

RQ Operation
he AAO-mode (Automatic Re­
ansmission Request) is only
iorkable between two stations
t a time. and provides private
ommunication with some limtt­
d protection

AAQ-mode the two stations
ommunicate direct with one

ther. The information-send­
9 station transmtts the data

blocks of three characters.
etwean the blocks of charac­
rs, the sending station waits for
reply of a single character from
e intormalion-receiving station,

indicating that the block has
been well received, and the nexl
block can be sent If an error
occurs, the receiving station
requests a repetition. In AAQ­
mode the direction of informa­
tion can be changed.

FEC Operation
FEC-mode (Forward Error Cor­
rection) is used where a mess­
age from one information-send­
ing station is to be ,eceived by
more than one receiving station.
In FEC-mode the message is
sent in time diverstty, which
means that it is sent twice at
intervals of a fraction of a second.

The receiving station thus has
two chances to receive each
character correctly. If both char­
acters are mutilated a star is
printed.

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

SAILOR RAD10TELEX
SYSTEM
The SAILOR radiolelex system
consists of the following units.

Radiotelex Modem
ARQ H1240
The SAILOR ARQ H1240 is de­
signed for reliable service in de­
manding applications. providing
a broad range of operating fea­
lures and for simple but efficient
control.

All operational controls can be
carried out from the keyboard by
easy-to-use commands.

The intelligence provided by the
H1240 radiotelex modem en­
ables fully automatic control of
the comptete radio station: Start
the transmiller, tune il. establish
the connection and transmtt
and/or receive messages. It can
even control the scanning recei­
ver searching for incoming calls,
set-up the transmiller 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 kbyte character
comprehensive text eddor adds
powerful dimensions to telex
handling and becomes familiar
to any user with a minimum ot
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 radiolelex modem
supports a number of automatic
modes, including unprotected!
protected mode, publicJsecret
save mode, operata, program­
mable group command mode,
and scan mode with automatic
calls controlled by the reception
of "FREE" signals. Software con­
trolled channel quality evaluation
and frequency tracking ensures
optimum selection ot 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
twinplex modulation resulting in
100 Baud transmission (also 100
Baud on radio side).

Keyboard Processor
H1249
The SAILOR H1249 keyboard
processo' includes full solt-key
operation of system and editing
commands fo, easy operation
Screen-oriented text editing fa­
cilities with 9600 Baud console
transfer speed for fast file edit­
ing/display, file manipUlation.
and communication control.

Printer H1252
SAILORH1252 hard-copyprinter
for multi-copying of communi­
cation message and file listen­
ing. Up to four different printers
may be connected to the T-BUS
system for dedicated printing of
information.

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

FEATURES
• Error-correcting 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
line/off-line telex cipher. J

• Automatic control of communi­
cation equipment with "FREE"
signal scanning and automa­
tic powe,·up of transmiller

• Automaticchannelqualityeva·
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 01
solt-keys.

• Full screen-oriented word pro
cessing with 256 kbyte solid·
state memory and message
management

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

• Storage capacity for 105 user
prog,ammable frequency pairs
and call codes.

• IBM·PClXT communication,
soltware.
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ANNEXURE D

RADIO EQUIPMENT INSTALLED AT SOEKOR HQ



TW1100 SYSiEM
• 500W PEP

This is a compact economica:J 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 also be specified as separate units
for table mounting.
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.LU4

[iliaNSWOnLi:J1'"
for communications

100Hz INCREMENTAL
TUNING

KEYBOARD CONTROLLED
MICROPROCESSOR

FULL REMOTE
CONTROL OPTION

SELECTIVE CAUING AND
TRANSCAU (ADAPTIVE) OPTIONS

NOISE IMMUNE SQUELCH,

The TRANSWORLD TWl00 is an advanced synthesized HF transceiver covering the entire HF frequency range from
1.6 fo 30MHz. The TWl00 provides voice operation in the single sideband mode, radioteletype with the optional
modem, and telegraphy. The transceiver is controlled by a microprocessor which provides the ultimate in operating
flexibility with features such as 100 memory channels, continuous tuning, separate transmit and receive frequencies
for half-duplex operation 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 TWl00SX, is available which only
displays channel numbers and requires an external channel programming/reprogramming unit.
The TWl 00 Series Olfers a wide range of options and accessories to provide advanced systems capabilities. Built-in
options include full Remote Control Capabilify, Selective Cailing and the TRANSCAll Adaptive System. The
TRANSCAll sysfem makes HF operation as simple as using a telephone. The operator simply "dials" the number
(actually a Ihree digit entry on the keypad) and presses fhe CALL button. The transceiver fhen automatically links up
with the station being called and they together select the best available channel. When the connection is made, a
lelephone·type ringing signal alerts both stations. Additional accessory items include Antenna Tuners. Broadband
Antennas, RTTY/FSK Modems and linear Amplifiers.

MICROPROCESSOR CONTROL
A high performance microprocessor
is used to control the synthesizer in
the TWl00. The inputs from the front
panel keypad contrOl fhe selection of
the channel frequencies stored in fhe
memory and permit the entry of new
frequencies on the free tuning
channel. The microprocessor also
controls the large easily read liquid
Crystai Display which can be used to
show both channel and frequency

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

CIRCUITRY
The TWtOO uses all solid state,
broadband circuilry which eliminates
all field adjusfments and tuning. An
upconversion design to the first IF at
75MHz, places images and spurious
responses in the VHF range, where

2

they are removed by simple low pass
filters. The transmitter speclral purity
is ensured by six lO'Oole elliptical
function filters selected by the channei
switch. The second IF is at 1650kHz
where the main selectively is provided
by high performance 6·pole crystal
fillers. The receiver uses a high quality
peckaged diode balanced mixer with
an intercept point of + 11dBm. This
gives the receiver exceptional dynamic
range and freedom from



5 : 5: T tr75 '? ern'

105

:nr'$' c"'rtf1stTP ~ tu on 5 'S-' t'ttTtSi'" t -·mS%,i··,'wz)M

TW100

intermodulation and overload: The
frequency control system is derived
from one stable 5120kHz reference
oscillatoL A 10kHz phase locked loop
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 ioops are used giving great
spectrat purity and a simple easily
serviced design:

OPERATING MOCES
The standard transceiver is supplied
for A3J, and A3H operation: USB,
WE and CW operation is standard
and LSB may be provided as an
option: A separate power supply and
nodem are available for FSK
:teletype operation): This power
lupply provides additional cooling for
:ontinuous operation at lOOW
average) power output. The high
lerformance FSK modem proviaes
jlrecf connection to any standard
nTY machine. As an option, high
;peed TXJRX switching is provided for
;implex ARQ operation:

greatly 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 operation. The transmitter is
equipped with a VOGAD which
automatically adjusts the gain of
microphone amplifier and provides
maximum output power regardless of
voice level. The TW100 has
demonstrated compatibility with
various COMSEC security devices:
Please contact the factory for details:

FREQUENCY CALIBRATION
All channel frequencies are derived
from a single high stability crystal
oscillatoL 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 incorporafes a 1 parf in 10'

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

POWER SUPPLY
The TWl00 operatEfs directly from
any 13.6V DC power source
permitting direct operation from a
vehicle or shipboard supply system:
Provision is made for the internal
installation of optibnal 28V DC or
1151230V 50160Hz AC power supplies
which are rated lor SSB service. 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 all solid state linear
amplifiers are available to boost the
output power to either 500 to 1000
WallS output

:ONSTRUCTION
:-he case of the transceiver is a
ugged frame formed by the diecast
rant panel and massive rear heatsink
oined by side extrusions. The
nodules are mounted on a plate held
letween the two side extrusions, and
he final amplifier mounts on the rear
leatsink: The main circuitry is
:ontained in 6 diecast boxes
>!oviding complete RF shielding and
Invironmental protection: The six
nodules, the PA assembly, the RF
ilter module and the frequency
election module are all easily
:hanged for field service: The entire
ransceiver is constructed from
,Iuminum alloys and all external
lardware is stainless steel for
peration under the most severe
,"vironmental conditions:

'ULLY AUTOMATIC TUNING
Vhen used in conjunction with the
ompa>nion digital ATloo Automatic
mtenna Tuner, efficient transceiver
oupling to a wide variety of whip and
lire antennas is fully automatic.
uning time for the radio with coupler
; typically 1 second:

IUCIO SYSTEM
he TWl00 has two features that add The modular design of the TW 100 enhances servlceabilify:

I
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t L::!B:aNSWOnLi:lr
for communications TW5201

Rack Mounted Version

SIMPLE INTERCONNECTION

The lW5201 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 interlace can be utilized but this
must be specified at the time of
order. Because of the high speed TIR
switching required for ARQ and
TRANSCALL operafion, DC keying
musf be utilized in those applications.

This requires "metallic" (DC
continuous) lines with a maximum DC
loop resistance of 2000 ohms.

ALTERNATE WATERPROOF MODEL
A fUlly waterproof (submersible)
Remote Control Unit, model RT5201,
is a\80 available for use in mobile and
other severe environmental
conditions. While normally utilized
with our.RT series of paramilitary
equipment, the RT5201 is fully
compatible and inferchangeable with

the lW5201.

TRANSCEIVER COMPUTER CONTROL
The "RC" Remote Control interface
installed in the radio provides
selection of either the standard
interface for use with the lW5201,
or an RS232 serial interface with
acknowledgment. This permits
implementafion of systems with
full computer control of all radio
functions using a series of
"BASIC" functions.

TECHNICAL SPECIFICATIONS
REMOTE INTERFACE: 4 wire (standard), 2 wire (optional), 600 ohms nominal, bidirectional. ARQ and TRANSCALl installations

require metallic (DC continuous) lines (max loop resistance 2000 ohms).
TRANSCEIVER INTERFACE: "RC" option, 4 wire (standard), 2 wire (optional), 600 ohms or RS-232 InfOut (optional).
LINE LEVELS: -lOdBM to +3dBM
DATA TRANSMISSION MEDIUM: AFSK, U.S. slandard lanes.
DATA FORMAT: ASCII, 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 Watts output.
DISTORTION: Less than 5%.
MICROPHONE INPUT: LOIN impedance dynamic, internal gain control and speech compressor.
TRANSIENT PROTECTION: Metal Oxide Varister
POWER SUPPLY: 12 VDC @ 1 AMP max., 1101220VAC, 50/60Hz 25VA.
TEMPERATtJRE RANGE: -30 ro +55C
SIZE: 5H x 13.5W x 6.250 in (12.7 x 34.3 X 15.9 cm).
WEIGHT: 6.25 Ibs (2.84Kg).

Technical Specifications subject to change without notice.

•

I""·..........--......~~.~.,.",.....,.-:-~.

t l:!BaNSWORLOr
1: for cOIT1ITlUnications
~~

. '

TRANS WORLD COMMUNICATIONS, INC.
A SUBSIDIARY OF OAmON SYSTEMS, INC.
240 PaumaPlace, Escondldo, CA 92025 USA, Phone (619) 747·1079. Telex 695-433

7/87PL

.." -- - o.'-_'_'''-''-'~~-;

U
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ANNEXURE E

DATA RADIO SYSTEM
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Scientific Radio Systems, Inc.

SRS
Data .System

Features:
• Error Free Packet Radio Networking
• Full Computer Remote Control
• 300 baud HF Packet
.1200 baud or 2400 baud VHF/UHF Packet
• Multi-Mode-RTTY/ARO/FEClCW
• Adaptive HF
• Built in Text Editing
• Very User Friendly

. -- _.
-- .

- --
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SRS
icientific Radio Systems (SRS)
;pecializes in providing high
:echnology communications
;ystems to a variety of custom­
ers in over I 20 countries

throughout the world. 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
UNIOUE SOLUTIONS to
UNIOUE PROBLEMS.

Our System
The "DATA RADIO SYSTEM"
offers a total netWork solution
to data communications prob­
lems. The "SYSTEM" comprises
the SR-822 Radio Unk System
family with the follOWing possi­
ble configurations:

SR-822 Multi-Mode Controller
with optional HF and
VHF or UHF Unks

SR-380 Micro Processor
Controlled HFlSSB Radio

IBM" PC Computer

Gateways
Because the Data Radio System
is mu/ti-mode. customers no
longer have to have separate
equipment specifically 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

Communications Software
Package

With the Data Radio System,
users can operate HFNHF or
UHF Packet. HF RTTY/AROIFECI
ew. 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 a.n
integrated network. The net-

resent on HF ARO. 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 VHFI
UHF station is routed to an HF
gateway station for routing

work supports both Radio local
Area Networks flAN'sl and
Radio Wide Area Networks
(WAN's) using the SX.25 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
nel for communication. The
integrated software package
handles routing and connection
automatically.

into the network. The SX.25
Gateway provides the routing
information, frequency selec­
tion. and return acknowl­
edgement of a delivered mes­
sage to the origination station.
No operator intervention is
reqUired for this pperation.
Each message is handled simi­
larly to a Telex message that
is sent to a store-and-forward
system.
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Software Pacllage
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
can be used for other pro­
cessing functions such as
spread sheets or word pro-

Main
Menu

I
[Flj COMMUNICATE
[F2 CREATE/REVISE

DOCUMENT
[F3) INSTAll
[F4 EXITIO DOS
[F5 HelP MENU

Pop-Up Menu

PRESS KEY TO SelECT
[Fl) Printer on/off
[F2 File capture on/off

f
F3 Change Capture File Name
F4 SEND 0 File
F5] Receive 0 File

[F6] Disconnect (Call)
[F7] Change slation frequency
[F8] Chonge station Tx. ID
[F9] Connect (call)
[FlO] More HELP

cessing. When these functions
are in use, the system sends a
BUSY signal to anyone who
tries to send a 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

Communications
Menu

RECEIVED POP-UP
TEXT HelP

MENU

ENTER MESSAGE

MODE=
PRESS [FlO] FOR HELP

Pop-Up Menu

PRESS KEY TO SelECT
[F1j PACKET
[F2 RTTY (BAUDOl1

fF3j CW (MORSE)
F4 ARQ .

[F5 FEC
[F6 ASCII

radio equipment is required to
operate the system. and the
radio can be located in another
area away from the computer.

Files from the IBM'" PC can be
transferred using Packet to
other 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.

••
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NOTE OUR NEW ADDRESS

ti

•

~pecifications

.RS Data System
iENERAL

AfRITlcnru
P.O. BOX 98882 SLOANE PARK 2152
92 U,HGWA STl\EET. STR\JOOY PARK
RANDBURG, RePUBUC OF SOUTH AFRICA ~
TELEPHONt (011) 7SI2·2825/61718
FACSIMILE (011) '1&2-1747 TELEX 4-22673

Rag. No. 83/OO385IOl'

requency Range Transmitters

•lperatlng Modes HF

".Jeratlng Modes VHF

ITE

lodem Modes

lodem Speed

":-=ANSMITTER
ower Output HF

ower Output VHF/UHF

·-----IER

'nsltlvltY HF

''1sltivity VHF

msltivity UHf

1.6 MHz to 30 MHz
143MHzto 174MHz
400 MHz to 470 MHz

LSB, USB, AME, cW
NBFM

"SR-3BO has 79 test points in the built in test

Packet, RTTY. ARQ, FEe, CW

300 baud on HF
1200 baud or 2400 baud on VHF or UHF

150 Watts PEP 100 Watts average

10 Watts

0.5 micro volts for 10 db S+N/N

0.15 micro volts (12 db SINAD)

0.35 micro volts (12 db SINAD)

OMPUTER
OFTWARE
OWER REQUIREMENT

IBM®PC

Custom designed for SRS Data System

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
FAX 716-235-7827 • SIRAD ROC
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A network of stations using a single shared radio
communications channel to transmit and receive
messages error free.

During the last ten years there have been tremendous •
improvements in network message switching
developments using digital ICChniques. These
improvements have largely been limited to wire-line
(telephone) and line of sight (LOS) microwave radio
systems. Little has been done to improve the
transmission of data and mcsS<1ge traffic over HF or
VHF radio links. The volume of traffic, both voice and
data, is constantly-expanding, but the links tlmt carry
the traffic are not able to keep pace with the increased
requirements. With a low in the current sunspot cycle
the amount of usable HF frequency spectrum is reduced
and the number of users of tlmt spectrum has increased.
On VHF/UHF there is a similar demand for more users
in the already crowded spectrum.

The reduction in available spcctrum, the increase in
message volume, and the increase of users of the HF
and VHF/UHF spectrum have caused a situation 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
to 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 to improve the performance of
communications systems used to transmit message
traffic.

The problem is how to:

Al. Send and receive message traffic. virtuallv enor
free, to a widely dispersed group of recipients
utilizing nonwire-line circuits (wireless).

B). Have near real time message transfer.
C). Transfer message traffic between

dissimilar mdio and data systems
(HF I VHF I UHF)

D). Improve the utilization of existing mdio
links (HF/VHF/UHF)without further
congestion.

El. Further improve VHF/UHF
channel utilization by integmting voice
and dara on the same channel on a
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.

BENEFITS OF PACKET RADlO

SPEED - Packet 000 operates at 1200 baud on
VHF/UHF and up 10 300 baud on HF.

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

EFFICIENT FREQUENCY UTILIZATION·
Unlike other modes (RTfY. Voice) many
packet stations can interleave use of a single
channel without interfering with each other.

GATEWAY OPERATIONS-

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

HARDWARE TRANSPARENCY·

A packet 000 controller is transparent to the user.
Information is presented to the controller and is
transmitted with no change. Computer programs may
be transmitted in their original language without
changing control characters or formats. Message traffic
may be transmitted with special format or printer
chamclcrs unchanged.
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TECHNICAL SPECIFICATION OF INMARSAT TERMINAL
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Oceanray 2 Technical Data

Frequency Range: Environmental conditions
Transmitting 1636.5 -1645.0 MHz for BDE:
Receiving 1535.0-1543.5 MHz a) Temperature 0 to +40 deg C
Tuning: Range
339 channels (25 KHz steps) b) Relative 95% at

Tran:;mit EIRP: humidity 40 deg C
c) Vibration Peak amplitude

36dBW+I-2dB (mm)
Receive GIT: 4-15 Hz 0.76mm
== -4dBdegKmin 15-25 Hz OAOmm
Communication Modes: 25-35Hz 0.23mm

35-40Hz 0.13mm
Voice: Duplex/Simplex Narrow 40-50Hz 0.07mm
Band Frequency Modulation

Motion:(NBFM) with companders
Data: Duplex/Simplex (NBFM) a) Roll +/-30deg
without companders period 8 sec
Telex: Duplex/Simplex Bi-Phase b) Pitch +/-lOdeg
Shift Keying (BPSK) (4.8 Kbps. period 6 sec
1.2 Kbps) c) Yaw +/-80deg

Muting: period 50 sec
d) Surge +/-0.2g

Voice activated noise muting e) Sway +/-0.2g
Antenna: f) Heave +/-0.5g
0.9m parabolic reflector; 4 axis g) Turning rate 6deg/sec

sr gyrostabilised with autotrack h) Headway 30 knots

:! Gyrocompass Interface: Dimensions and Weights:
D.C. stepper 1/6 degree steps (1) New ADE including
AC. synchro 1 or 2 degrees per radome:
revolution Height == 1300mm,

Power supply:
Diameter= 1350mm,
Dish Diameter==900mm,

115/230V AC. 50/60 Hz single Approximate Weight ==
phase (440V AC. would use an 60 kg
additional transformer) (2) BDE: Height == 290mm.
Environmental conditions Width == 510mm,
for ADE: Depth == 490mm,
a) Temperature -35 to +55 Approximate Weight ==

14 kg, Range degC (3) R.F. Unit:b) Relative 95%at40 Height == 518mm,humidity degC Depth == 260mm.c) Spray Solid droplets ...
Width == 378mm,

~
from any Approximate Weight ==direction

d) Icing upt02.5cm 36 kg
of ice

e) Precipitation up to IOcm/
hour

f) Wind Normal
operation up to
100 knots

g) Vibration Peak amplitude
(mm)

11
4-lOHz 2.54mm

10-15 Hz O.76mm
15-25 Hz 0.40mm

·25-35 Hz O.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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UOORSPELDE WAARDES UAN GUNSTIGSTE UERKEERFREKWENSIES

PREDICTED UALUES OF OPTIMUM TRAFFIC FREQUENCIES
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UOORSPELDE UAARDES UAN GUNSTIGSTE UERKEERFREKUENSIES

PREDICTED UALUES OF OPTIMUM TRAFFIC FREQUENCIES
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UOORSPELDE UAARDES UAN GUNSTIGSTE UERKEERFREKUENSIES

PREDICTED UALUES OF OPTIMUM TRAFFIC FREQUENCIES
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UOORSPELDE WRRRDES URN GUNSTIGSTE UERKEERFREKWENSIES

PREDICTED UALUES OF OPTIMUM TRAFFIC FREQUENCIES
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UOORSPELDE UAARDES UAN GUNSTIGSTE UERKEERFREKUENSIES

PREDICTED UALUES OF OPTIMUM TRAFFIC FREQUENCIES
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UOORSPELDE URARDES URN GUNSTIGSTE UERKEERFREKUENSIES

PREDICTED UALUES OF OPTIMUM TRAFFIC FREQUENCIES
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8
UOORSPELDE UAARDES UAN GUNSTIGSTE UERKEERFREKUENSIES

UIR GEBRUIK OP SEKERE LANGAFSTANDUERBINDINGS

PREDICTED UALUES OF OPTIMUM TRAFFIC FREQUENCIES

FOR USE ON CERTAIN LONG-DISTANCE CIRCUITS
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UOORSPELDE UAARDES UAN GUNSTIGSTE UERKEERFREKWENSIES

UIR GEBRUIK OP SEKERE LANGAFSTANDUERBINDINGS

PREDICTED UALUES OF OPTIMUM TRAFFIC FREQUENCIES

FOR USE ON CERTAIN LONG-DISTANCE CIRCUITS

10

MHz

30

20

15

10

8

6

5

3

2 0 2 4 6 8 10 12 14
UT

15

8

MHz
I,

PRETORIA-MAURITIUS
Q) PRETORIA-SEYCHELLES/SEYCHELLE
X PRETORIA-ASCEttSION
~ PRETOR lA-So R. N. R. E.
~ PRETORIA-nRUSON

•



127

UAARGENEEMDE EN UOORSPELDE UAARDES UAN
F2 KRITIEKE FREKUENSIE (UERTIKALE INUALSHOEK)

.OBSERUED AND PREDICTED UALUES OF
F2 CRITICAL FREQUENCY (UERTICAL INCIDENCE)
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