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In most deve lop ing  countries, progress towards the establishment o f  
hydrograph ic  services has, indeed, been rather slow and this stems naturally  
from  the fact that the l im ited  national econom ic  resources have to be 
concentrated on the m o re  pressing prob lem s fac ing  these nations. T h ere  
is also the fact that, un like  the La n d  Su rvey  departm ents w h ich  in most 
cases existed under the co lon ia l adm in istration , even a nucleus o f  a hydro- 
graphic service does not appear to have been created in the m a jo r i ty  o f  these 
states. Consequently, in the various national plans the deve lopm ent o f  the 
topographic and geodetic fac il it ies  progressed fa ir ly  rap id ly  w hereas h yd ro ­
graphy, w h ich  meant creat ing  a com p le te ly  new facility , w as not g iven  
anyw here  near the same importance.

A m ongst  the coastal states o f  the w or ld  there are at least 50 countries 
that do not, at present, have any national hydrograph ic  services. A t  the 
same time there are a large number o f  deve lop ing  countries w hose  ex isting 
hydrograph ic  capabilities, be ing ex trem e ly  lim ited  in m an pow er, vessels 
and equ ipm ent, are increas ing ly  fee l ing  the need for expansion  in order 
to cope w ith  the requ irem ents o f  survey ing  to meet national needs.

A s  a result o f  the g row in g  econom ic im portance o f  o f fsh ore  resources 
and the grea tly  increased areas o f  national ju risd ic tion  l ik e ly  to em erge 
in the near fu ture as an outcom e o f  the in ternational convention  on the Law ’ 
o f  the Sea, there is, undoubtedly, a g row in g  rea lization am ongst the decision 
m akers in deve lop ing  countries o f  the im portance o f  h av ing  adequate 
m odern charts. Th ese  are not only im portan t fo r  naviga tion  and the 
exp loration  and exp lo ita t ion  o f  the resources ly ing  w ith in  the m arit im e 
zones o f coastal states but are required by  a var iety  o f  users inc lud ing  
legal experts, f isherm en , engineers concerned w ith  coastal and undersea 
works, sea-bed m in ing  operators, as well as po llution  control agencies.

A  study conducted some time back fo r  the United Nat ions  Econom ic



and Social Council on the subject o f  h yd rog raph y  and nautica l charting 
shows that am ong countries  w h o  do not have a national capab ility  in 
h ydrog raph ic  surveying, the coastal areas o f  at least 60 % o f  these states 
are covered  by  either lo w  density  or  incom plete  surveys which, in m an y  
cases, date f r o m  the 1830s to 1910.

A ga ins t  this background  w e  m ay  like to consider some o f  the requ ir ­
em ents  p ro jec ted  in the d ra ft  A rt ic les  be fo re  the L a w  o f  the Sea Con fer­
ence, part icu lar ly  those that relate to the de lim ita tion  o f  boundaries, 
inc lud ing  the exclusive econom ic  zone.

In  br ie f, the d ra ft  A rt ic les  requ ire  the charting o f  baselines or  the 
l im its  der ived  there from  and the boundaries, o r  the p rov is ion  o f  a list o f  
coordinates. Fu r th erm ore  the term  “ large or adequate scale charts o f f ic ia l ly  
recogn ized  by  the coastal s ta te ” is used in various Artic les , and it is specified  
that due public ity  should be g iven  to these charts and copies be deposited 
w ith  the Secretary General o f  the United Nations.

T h e  need fo r  establish ing hydrograph ic  facilit ies in the deve lop ing  
nations o f  the w o r ld  has been stressed t ime and again in  various in ter­
national fo rum s notab ly  the Un ited  Nations Reg iona l Cartograph ic  Con fer­
ences fo r  A fr ica , fo r the Am ericas , and fo r  A s ia  and the Pac if ic .

In  establishing national h yd rog raph ic  services there are a num ber o f  
factors w h ich  have to be considered, and some salient aspects are listed 
b e low  :

1. It is necessary to determ ine the appropriate  authority , w ith in  the 
governm ent, under w h ich  the fu ture  hydrograph ic  service is to be form ed. 
T rad it ion a l ly ,  in m an y  countries, inc lud ing  deve lop ing  countries, the hydro- 
g raph ic  services have fo rm ed  part o f  the Nava l Defence Establishment. 
Th is  has m any obvious advantages in that tra ined m an pow er  is availab le 
to operate the vessels and to m ain ta in  them. It  is also com para tive ly  easy 
to d raw  on personnel w ith  adequate sea experience fo r  specia lization 
in hydrography . H ow ever ,  in va ry in g  conditions it m ay  be found  convenient 
to constitute the service w ith in  the M arine T ransport  or Po rts  Departm ent 
o r  as part o f  an agency entrusted w ith  topograph ic  and geodetic  surveys. 
T h e  latter course has d istinct advantages in that most deve lop ing  countries 
have fa ir ly  w e ll  established La n d  Survey  departm ents ; hence, personnel 
(bo th  sea surveyors and cartograph ic  s ta f f )  w ho  have a good background 
can be d rawn from  the ex is t ing  cadre fo r  fu rther  training. T h e re  is also the 
advantage o f  an ex is t ing  technical and adm in istrat ive  m ach inery.

2. T h ere  is the need to fo rm u la te  a suitable p ro jec t  fo r  the creation 
o f  a hydrograph ic  serv ice ; such a p ro jec t  report  should idea lly  lay  dow n  
plans fo r  each phase both in the long and the short term  and include :

—  recru itm ent o f  p ro jec t  s ta ff ;
—  tra in ing  in d i f fe re n t  phases;
—  procurem ent o f  su rvey ing  cra ft ;
—  assessment o f  equ ipm ent and its procurem ent;
—  aw ard  o f  contracts ;
—  proposals fo r  a p rog ram m e o f  act iv ity ;
—  survey ing  and cartograph ic  establishment o f  adm in is tra t ive  m ach in ­

ery.



T h e  prepara t ion  o f  a p ro je c t  report  w ill, undoubtedly, requ ire  the 
services o f  an expert  w h o  must not on ly  have a thorough  technical k n ow ­
ledge in h yd rog ra p h y  but must also be fa m il ia r  w ith  condit ions ob ta in ing  
in deve lop ing  countries and the dom estic  resources w h ich  can support 
the pro ject .

T h e  services o f  an expert  could be obta ined by b ila tera l arrangem ents  
w ith  a country  that has a large hydrograph ic  departm ent, or th rough  an 
in ternationa l agency such as the U n ited  N ations O rgan iza t ion  fo r  T echn ica l 
Cooperation (U N O T C ) ,  or through  the IH B  w h ich  could suggest names from  
amongst the panel m ain ta ined  in  the Bureau.

T h e  selection and tra in ing  o f  personnel is a key  area w h ich  requires 
ve ry  carefu l consideration . H ow ever, I regre t  to have to say that frequ en t ly  
this is not fu l ly  appreciated, and it is som ehow  assumed that hydrograph ic  
surveyors can be tra ined in a fe w  months “ on the j o b ” or by undergo ing  a 
short course at a t ra in ing  centre. A n o th er  aspect concerns the selection o f  
personnel, as it o ften  happens that students sent fo r  t ra in ing  do not have an 
adequate academ ic background or language p ro f ic ien cy  to fo l lo w  the 
course, and in ye t  o ther cases they ju st  f in d  themselves unable to ad just 
to a sea environm ent. A l l  these are causes o f  frustrat ion , fo r  the student 
as w e ll  as the s ta f f  im par t in g  the tra in ing.

M em ber  States o f  the IH O  have rendered  inva luab le  assistance in 
the tra in ing  o f personnel f rom  deve lop ing  countries, and m uch  o f  this 
assistance has been prov ided  on a b ila tera l basis. A lth ou gh  there are d i f f e r ­
ences in the structuring  o f  tra in ing courses, most o f  the p rog ram m es  are 
com prehensive and cover theory  as w e ll  as the practica l aspects o f  hydro- 
graphic surveying. T h e  com prehensive courses last at least one yea r  and 
requ ire  that the student have a good academ ic background  in  m athem atics 
and the sciences and be p ro f ic ien t  in the language in w h ich  the tra in ing  is 
given.

T ra in in g  w ith in  the f ra m ew o rk  o f  R eg iona l H yd rog rap h ic  Groupings 
has been h igh ly  successful in some areas, and it is be ing  increas ing ly  
recognised that tra in ing  g iven  in the deve lop ing  country  itse lf  in the 
env ironm ent o f  the geograph ic  reg ion  is com para tive ly  m ore  e ffect ive , 
since com m on  language, p reva il ing  econom ic  and env ironm en ta l conditions, 
customs and trad it ions all have an in f luence  on tra in ing. In  addit ion  to 
these factors are the a ll- im portant f inanc ia l considerations, a ris ing  from  
the costs invo lved  in trave l and subsistence in a fa r -o f f  expensive country.

I be lieve that another contr ibuting fa c to r  is that personnel tra ined  in 
sophisticated m ethods frequ en t ly  f in d  it d i f f icu lt  to ad just to w o rk in g  
conditions obta in ing in  deve lop ing  countries, w here  resources are ve ry  
l im ited  and the equ ipm ent o ften  ou tm oded  by m odern standards.

Modern techniques and equ ipm ent p rov ide  the capab ility  fo r  acce lera t­
ing hydrograph ic  surveys and in extending these to a considerab le  distance 
from  the coast. T h e y  also p rov ide  the fa c i l i ty  to continue survey operations 
round the clock. In  addit ion , there are availab le today  various types o f  
data acquis ition and process ing  systems.

I  venture to suggest that in d eve lop ing  countries it is all the m ore  
im portan t that v e ry  care fu l p lann ing  is done in the acquis ition  o f  m odern



instrumentation, w hether it be fo r  creating a new hydrograph ic  service or 
expand ing  the ex ist ing fac il it ies  w ith in  an established department.

In the planning stages any advice or assistance in the fo rm  o f  user 
reports rendered by  a w ell  established hydrograph ic  departm ent w ou ld  be 
o f  invaluable help, particu la r ly  i f  the departm ent could g ive an overa ll 
assessment o f  the operat iona l u t i l i ty  o f the system.

M ost e lectron ic systems are h igh ly  reliable and fa ir ly  easy to maintain, 
part icu lar ly  w ith  the present trend towards rep lacem ent o f  ind iv idua l 
units and modules in the event o f  equ ipm ent failure. H ow ever , these are 
h igh ly  com plica ted  systems w h ich  call fo r  a substantial inven tory  o f  spare 
parts and m ain tenance personnel. In any event it should be recognized 
that a proper backup fa c i l i ty  in technical personnel is essential in a deve l­
op ing coun try  w here  it is v e ry  unlike ly that the m anufacturer w i l l  be in 
a position to p rov ide  m ain tenance services.

In the p lann ing  o f  equ ipm ent, another factor w h ich  should be recog­
nized is that advances in techno logy  w ill  p robab ly  be made by the national 
land m ap p in g  and geodetic departments. Cooperation with, and the u tiliza­
tion o f  the facilit ies of, such institutions could elim inate a great deal o f 
duplication o f  e f fo r t  and f inanc ia l outlay. F o r  instance fo r  data processing, 
e lectronic computers and p lo tters a lready installed could be used, as well 
as the cartograph ic  and p r in t in g  fac il ity  available from  another national 
agency.

I shall deal b r ie f ly  w ith  technical assistance availab le under the 
United Nations. In this context I w ou ld  like to po int out that U.N. assistance 
applies equally  to the creation o f  new hydrograph ic  services and to the 
strengthen ing o f  ex ist ing hydrograph ic  departments.

It w ill  be noted that there are a number o f resolutions, w h ich  have been 
adopted by successive U.N. Reg iona l Conferences on the subject o f  f in an ­
cial assistance in hyd rog raph ic  surveying activ ity  and the tra in ing of 
personnel. T h e  texts o f  these resolutions are contained in the reports o f  the 
sixth, seventh and eighth Conferences for As ia  and the F a r  East and 
reproduced in IH B  Circular L e t te r  18/1976.

Incidenta lly , representation at these Conferences is not l im ited  to the 
region, but is on a global basis.

In  brie f, the resolutions urge developing countries to g ive  urgent 
consideration  to expand ing  their hydrograph ic  capabilities, i f  necessary, by 
app ly ing  for  assistance and other aid available through the United Nations. 
T h ere  are also resolutions dea lin g  w ith  assistance in the aw ard  o f  scholar­
ships fo r  tra in ing  in h yd rog raph y . In the context o f  assistance through 
the UN, I believe it w ou ld  be he lp fu l i f  I w ere  to outline the U N D P  proce­
dures :

T h e  United Nations D eve lopm ent P rog ram m e (U N D P )  is the U N ’ s m a jo r  
agency fo r  in ternational technical cooperation. It is p r im ar ily  a financing, 
over-all p rog ra m m in g  and m on ito r in g  organization w ith  Resident R ep re ­
sentatives in 108 countries. T h e  bulk o f  the f ie ld  w ork  and the projects 
that U N D P  supports are actua lly  executed by the specialized agencies 
o f  the U N  deve lopm ent system. These agencies help governm ents  to plan 
ind iv idua l pro jec ts  w ith in  their “ Country P rog ra m m es ” fo r  U N D P  assist­



ance. As a rule they recru it in ternational experts, purchase equ ipment 
and procure specialized contract services needed fo r  pro ject  execution.

The  procedure fo r  p rog ram m in g  U N D P  assistance to deve lop ing  coun­
tries is :

a )  Each deve lop ing country  assisted is a llotted an Ind icat ive  P la n ­
ning F igu re  ( I P F )  over a five  y ea r  cycle, the current cycle being 
1977-81; the IP F  represents the m agn itude o f  resources expected 
to be made available from  the U N D P  to a g iven country.

b )  W ith  its I P F  as a guide, each governm ent draws lip a “ Country 
P ro g ra m m e ” outlin ing its priorit ies fo r  U N D P  assistance and 
a llocating its share o f  U N D P  resources am ong those priorities. 
Th e  Country P rog ra m m e  fo rm u la t ion  is discussed w ith  the U N D P ’s 
Resident Representative, and is then submitted fo r  approva l to 
the Govern ing Council.

c )  T h e  preparation o f ind iv idua l pro jec t  requests is m ade usually 
in consultation w ith  advisers f rom  the UN System, and these 
delineate each p ro je c t ’s m ain ob jective , its duration, its cost and 
the respective responsibilit ies o f  the governm ent and the U ND P .

Under the new  decentralized system, almosl all projects are approved 
under the Resident Represen ta tive ’ s powers. N ew  projects can be added at 
any time during the period established fo r  a Country P rog ra m m e so long 
as they are aimed at helping to achieve the selected deve lopm ent objectives 
and can be accom m odated  w ith in  the ava ilab le resources.

There is another aspect w h ich  m ight be o f  particu lar interest to hy­
drograph ic services interested in expanding  their facilit ies through UN 
assistance. A  governm ent m ay  propose to the Resident Representative that 
it execute the project, in w h ich  case the governm ent designates its own 
department or agency ( fo r  instance the hydrograph ic  departm ent) as the 
executing agency. In this case the designated agency must fu l f i l l  certain 
conditions relative to its technical and manageria l capabilit ies e.g. its 
experience in executing sim ilar projects, the depth o f  its technical 
knowledge, its links w ith  national and international sources of expertise, etc.

V e ry  brie fly , I w ill  sum up by saying that i f  you are interested in 
U N D P  assistance, the first step is to have you r  pro jec t  included as a p r ior ity  
item  w ith in  the “ Country P r o g r a m m e ” . Th is  w ill  mean approach ing your 
national p lanning commission and perhaps discussing the requirements 
w ith  the U N D P ’ s Resident Representative.

In addition to the technical assistance availab le through the United 
Nations, I be lieve that it is equ a lly  relevant to stress the im portance o f 
assistance availab le through b ilateral arrangem ents between states. Most 
industria lized nations have created technical assistance programm es, funded 
through va ry in g  sources, and intended to prov ide  deve lop ing  nations w ith  
aid in training, equ ipm ent and services. W e  are all fu l ly  aware o f  the fact 
that generally  there are considerab le financia l restraints w ith in  the bu dgets 
o f  hydrograph ic  departments, and rare ly  is it possible fo r  these to prov ide 
any assistance d irectly ; how ever , there are nevertheless the possibilities 
that such assistance could be m ade ava ilab le through the overa ll national 
aid programmes.



In  this paper I have tried to outline a fe w  o f  the general aspects 
connected w ith  the deve lopm ent o f  h ydrography  in the th ird  w or ld  countries 
and I hope that some of the points w il l  be o f assistance in fo rm u la t ing  
plans and projects.



ESTABLISHMENT OF THE SINGAPORE 
HYDROGRAPHIC DEPARTMENT

by Com m ander N. N. S A T H A Y E  
H ydrographer , P o r t  o f  S ingapore A u thor ity  

fo rm e r ly  o f  the H oogh ly  R iv e r  Survey

ABSTRACT

T h e  H ydrograph ic  Departm ent o f  the P o r t  o f  S ingapore A u th or ity  
(P S A )  w as founded on 1st October 1971 and has over this short period 
become an im portan t departm ent w ith in  the organisation. I t  has been called 
upon to advise on prob lem s perta in ing  to f ie lds  as diverse as navigation/ 
pilotage, P o r t  deve lopm ent schemes, dredging, hydrau lic  studies and 
terr itor ia l w a ter  claims. These  six years  have w itnessed considerable 
changes, and m ult i fa r ious activit ies besides, obviously, phys ica l expansion. 
Responding to the needs o f  rap id  deve lopm ent o f  Po r t  facilit ies, the H ydro-  
graphic Departm ent has g row n  beyond the per iphery  o f norm al and 
conventional activities.

HISTORICAL

Th e  Po rt  o f S ingapore A u th or i ty  was established in 1964 and took over 
the functions o f  the ers tw h ile  Singapore H arbou r  Board. T h e  A u th or ity  
was m ade responsible in te r  alia  fo r  p rov is ion  and maintenance o f  e f f ic ien t 
port services and facilit ies, regu lation  and contro l o f  naviga tion  w ith in  the 
P o r t  and approaches thereto, and conservancy o f  its waters.

S ingapore ’s emphasis on export-orien ted  m arine industries in the 1960s 
brought in  its w ake  an urgent need fo r  addit iona l w h a r f  facilit ies. N ew  
re f iner ies  requ ired  deep w a te r  oil term inals fo r  im port o f  crude oil, and 
berths fo r  export o f  f in ished products. Consequently, demands w ere  made 
fo r  fresh  surveys o f  port  w aters  fo r  the p lanning, design and eventual 
construction o f  new  port facilit ies. Th is  was the com pell ing  reason fo r  
setting up a hydrograph ic  service in Decem ber 1965 to cater fo r  such needs. 
H itherto  all hydrograph ic  surveys had been carried out by  the British 
Navy.

T h e  H ydrograph ic  Section was fo rm ed  in December 1965 w ith in  the 
Po r t  M aster ’s Departm ent, w ith  a Conservator in  charge. A  ret ired  h yd ro ­



graph ic  surveyor f r o m  the British  N avy  was appointed as the firs t Conser­
vator. He in  turn recru ited  a T ra inee  Assistant Conservator w ith  a 2nd 
M a te ’s Fore ign-Going Certif icate o f  Competency and f iv e  technicians all 
w ith  education to ‘O ’ level —  three o f  these last w ere  tra ined loca lly  fo r  
f ie ld  w ork  and tw o  fo r  cartograph ic w ork . B y  w a y  o f  equ ipm ent the 
section had a 40 f t  w ooden-hu ll  launch fitted w ith  an echo sounder, as 
w e l l  as some current meters, a few  survey sextants and station pointers.

No f i rm  guidelines w ere  g iven  to this section about its im m edia te  and 
fu ture  role, and the w o rk  done invo lved  m ain ly  sounding surveys o f  areas 
earm arked  fo r  developm ent. W i th in  years o f  its fo rm a tion  both the 
Conservator and the tra inee le ft  the service. Some m onths later a Canadian 
o f f ic e r  w ith  some m arine  background was appointed, but he too le ft  w ith in  
a year  and the section was tem porar i ly  headed by a graduate in land 
survevine. Due. to lack o f  continu itv  and the non-ava ilab il itv  o f  a nrofes- ̂ O %J x

sional hydrographer  the section could not make much progress.

In August 1970 the P S A  obtained from  India  the services o f  the author 
under the Colom bo P lan  Techn ica l Assistance Scheme. T h e  Term s of 
Re fe rence  included the establishment o f a national hydrograph ic  depart­
m en t  w ith  adequate hyd rog raph ic  capabilities to cater fo r  all requirements 
o f  the Port, industry  and the Government. Th e  s ta ff  then included two 
Assistant Conservators (both graduates in land su rvey ing ), three survey 
technicians, one cartographer and a clerical assistant. None of these had 
any fo rm a l tra in ing in hydrog raphy  or any marine background.

Having  assessed the im m edia te needs of the P o r t  and o f industry, 
and their l ike ly  requ irem ents fo r  the next 5-7 years, the author submitted 
in  D ecem ber 1970 to the P S A  m anagem ent a comprehensive report together 
w ith  his recom m endations for phased expansion o f  the section into a 
Departm ent, fo r  tra in ing  o f personnel, acquisition o f suitable equipment, 
recru itm ent po licy  and fo r  the institutional and organisational structure 
in  re la tion  to other Departm ents w ith in  and outside the P o r t  Authority . 
These  recom m endations were  accepted by  the m anagem ent and the author 
was requested to im p lem ent them.

DEVELOPM ENT

Singapore ’s terr itor ia l waters surrounding the m ain  island and the 
o f fsh ore  islands and reefs cover an area o f  about 225 sq. m iles —  the 
greatest east-west distance be ing about 30 miles. Situated almost on the 
equator, S ingapore never experiences cyclones and their  accompanying 
rough weather conditions. These  factors led to a decision to develop shore- 
based survey parties prov ided  w ith  adequate ly  equipped small survey craft. 
Th is  obviated the need to invest in a large sea-going survey vessel and thus 
also the necessity fo r  personnel w ith  marine background and qualifications. 
H yd rog rap h ic  act iv ity  is h igh ly  capital intensive; the labour element in 
h yd rog raph y  is small but the cost o f ships and equ ipm ent is high.

T h e  survey c ra ft  s q u i r e d  therefore  comprised a 22 metre steel-hull 
tw in-screw  survey vessel certif ied  fo r  p ly ing  w ith in local trade limits, and 
two 14 m etre wooden-hu ll survey launches fo r  w o rk  in re la tive ly  sheltered
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It was realised that though the whole survey area was in sight of land, 
position f ixing by visual control was not possible in most areas even a few 
miles away from the mainland due to poor visibility, industrial smog, and 
—• last but not least —  due to numerous ships at anchor wrhich obscured 
the main shore control points. Apart  from these considerations, the output 
of  work  was minimal, due to the laborious and time-consuming process 
of  surveying by visual methods.

F ig. 3. —  A slave station o f  the permanent 
Sea-Fix chain.

T o  overcome this problem a permanent Sea-Fix chain was installed 
in 1972-1973 to cover the survey area (excluding the Johor Straits). The 
Master Station was installed at Raff les Lighthouse and slave stations were 
established at sea on specially built structures supported on piles (fig. 3). 
These slave stations, localed at the eastern and western ends of  Port  waters, 
were built on shoal patches so as to protect them from damage by passing 
vessels. The Master Station works o f f  24 volt batteries kept on float- 
charge by the Lighthouse generators. The slave stations are equipped 
with their own Telan thenno-generators -  direct butane to electricity type. 
The  chain has been functional  with min imum breakdown for the past 4-5 
years, and has been used for  surveying, dredging and f ix ing the positions 
of  buoys. Al l  survey vessels are fitted with Sea-Fix receivers and track 
plotters. The  survey vessels also have gyro, radar, echo sounders, and a 
transit sonar for detecting wrecks and other obstacles.O



As the equ ipm ent available in the old Conservator ’ s Section was in ­
adequate for the increased activities o f the Departm ent, additional m odern 
equ ipment was acquired. M a jor  items o f  equ ipm ent purchased included 
a complete Decca Sea-Fix Chain and shipborne receivers, M otoro la  Mini- 
Ranger M k  I I I ,  echo sounders w ith  better resolution and range, a Te llu ro- 
meter model CA-1000, a transit sonar, a coordinatograph, etc. W h e reve r  
possible the D epartm ent ’s o fficers w ere  tra ined in  maintenance o f  the 
equipment.

RECRUITMENT

Recru itm ent o f personnel at a professional level is seldom possible in 
the fie ld  o f  hydrography. Due to non-availability  o f  local tra in ing facilit ies 
it was not possible to recruit personnel at a very  ju n io r  level and then train 
them in the various disciplines w ith in  the broad spectrum o f  hydrography. 
More as a matter o f  expediency therefore, recru itment o f  the d if fe ren t  
categories was from  amongst candidates w ith  suitable backgrounds. Thus 
in the grade o f Assistant Hydrographer, tw o  o f f icers  w ith  m arine back­
ground and qualifications (one w ith  a M aster ’s Fore ign-Going  Certificate, 
and the other w ith  naval experience and qua lif icat ions ) and two graduates 
in Land  Survey ing w ere  appointed. La te r  another graduate in Mathematics 
and Phys ics was recruited. A  new  category  o f  Techn ica l O ff ice r  (H yd ro ­
graphy) was created, and six persons in possession o f  a d ip lom a in Land  
Survey ing w ere  recru ited in this grade, w h ile  twe lve others w ith  either an 
‘O ’ or ‘A ’ level education in English, M athematics and Science w ere  
recruited as Techn ic ians ( fo rm er ly  know n as Survey Recorders ).
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Sim ilarly, fo r  the cartographic section, candidates w ith ‘O ’ and ‘A ’ 
level passes in English, Mathematics and Science were taken on as 
Technicians (Cartography) (prev iously  designated as Tracers and 
D raftsm en). A  new category o f  Technica l O ff icer  at a supervisory level 
was created, and those in possession o f a d iploma in Land Surveying or a 
degree in Geography were appointed at this grade. AH recruitment was done 
in a phased manner which  facilitated suitable training o f  the s ta ff  and 
automatica lly  brought about a hierarchical system with in the Department 
(See fig. 4). There was no d if f icu lty  in recru iting suitable personnel in the 
administrative section.

TRAINING

It  is w e ll  know n that hydrography  embraces a muitiiude o f  disciplines. 
T h e  development o f h igh ly  sophisticated electronic equipment fo r  various 
purposes has further added to the subjects a hydrographer must learn. The 
end product o f any hydrograph ic activity  is a nautical chart, the m ak ing 
o f  which requires expertise in seamanship, navigation, geodesy, m athem a­
tics, electronics and cartography. The varioxis disciplines w ith in the field 
o f  h ydrography  are all inter-dependent, and it is only by team work, 
comm on exertion and enterprise that the objective can be achieved.

It was obvious that personnel w ith d if ferent backgrounds and qua li­
fications could not be trained in a common training course. Neither was it 
practicable nor essential to tra in the staff in all disciplines. Hence tailor- 
made courses were arranged, in order to make best use o f the period o f 
tra in ing and available resources w ithout causing undue shortage in the 
m anpow er required fo r  carry ing  out the day-to-day functions o f  the 
Department.

Th e  Assistant Hydrographers w ith  expertise and experience in geodesy 
were therefore trained in the nautical subjects and hydrography; and those 
w ith m arine background were trained in geodesy and hydrography. A l l  
were sent overseas for such training. One o fficer  completed an Intermediate 
Course in H ydrography  at the R.N. Hydrograph ic  School in P lym outh , U K ; 
another successfully completed a year ’ s course at the US Naval Oceano­
graphic O ff ice  in the fie ld o f Hydrograph ic  Engineering, and two received 
tra in ing in the Indian Naval Hydrograph ic  School in Cochin.

The  Technical O ff icers  (H ydrography ) were first trained w ith in  the 
Departm ent fo r  about a year in hoatsounding and position determination 
by  visual and electronic control and in other fields such as triangulation, 
tide level observations, etc. Therea fter, they were sent in turn to the 
Indian Nava l Hydrograph ic  School on a group course for 1st Class Survey 
Recorders. Technicians (H ydrog rap hy ) were also given on-the-job training, 
and later sent to India for a 2nd Class Survey Recorders ’ Course.

Techn ica l O fficers  and Technicians in the Cartographic Section were 
s im ilarly  trained in Nautical Cartography in the Indian Naval H ydrogra ­
phic O ff ic e  in Dehra Dun. Th e ir  level o f training was determined taking 
into account their academic background, their current functions and their 
future role w ith in  the Department. These tailor-made courses were arranged



with  the kind assistance o ffered  by the Chief Hydrographer  o f  India. 
Th e  Departm ent is much indebted to the Indian Hydrographer fo r  his help 
in m ak ing this tra in ing available through the Colombo P lan  Assistance 
Scheme. The  personal interest that successive Indian Hydrographers, Rear 
A dm ira l D. C. K a p o o r  and Rear A dm ira l F .  L .  F r a s e r , took in the train ing 
o f  some twenty o f ficers in the past 6 years is grate fu lly  acknowledged.

Th e  Assistant Hydrographer, a Mathematics and Physics graduate 
w ho had pr ior  experience in computer programm ing, was sent to the 
Institute of Oceanograph ic Sciences, L iverpoo l, for an eight-month course 
in Harm onic Analys is  and Pred iction  o f  Tides. On his return to the 
Department in Novem ber 1976 he fo rm ed the T ides  and Currents Section.

T w o  officers from  another Departm ent w ithin the P S A  wrere sent to 
the Decca T ra in in g  School in U K  fo r  a course in maintenance o f Decca 
Sea-Fix equipment. Together w ith  our own staff, they maintain the Sea- 
F ix  chain and other electronic equipment o f the Department.

The Departm ent took over the functions o f  the erstwhile Singapore 
L igh t  Dues Board (SLD B ) in March 1974. H itherto  the author in his 
capacity o f Hydrographer had been a member o f that Board, rendering 
technical assistance and advice in the establishment and maintenance 
o f  aids to navigation  in Singapore waters. A  new section known as the 
Navigational A ids  Section (N A S ) was form ed in the Department in 1974 
and w ith  e ffect  f ro m  1st February 1975 the Departm ent started issuing 
Notices to Mariners and Radio Navigationa l W arn ings.

Th e  N A S  has three operational Engineering sub-sections —  Civil, 
Marine-Mechanical, and Electrical Engineering —  each w ith  a Senior 
Techn ica l O ff ic e r  or Technical O ff icer  in charge. Together, they mainta in 
five lighthouses, sixty two beacons, and some sixty buoys.

Recruitment o f  Technica l O ff icers in this section was from  among 
candidates in possession o f a diploma in their particular field. A f te r  in itial 
on-the-job tra in ing these men were sent to Japan fo r  tra ining in their fie ld  
w ith  the M aritim e Safety Agency (M S A ).  In addition to group training 
courses, the M SA  also k indly  made special attachments o f  our Tra inees 
w ith in  their Departm ent to suit S ingapore ’ s special requirements. T o  date 
four men have been trained in Japan, and they have contributed greatly  
towards the im provem ent o f our Nav-aids.

In the continuing training program m e, the emphasis has now shifted 
to advanced training, e.g. in automation as applied to hydrography and 
cartography.

W ith  the return o f  our more senior O ff icers  from  their overseas 
training the Department was able to commence its fo rm a l tra ining p ro­
gram m e fo r  new recruits and trainee technicians. Th is  was a big step 
forward , in that in addition to practical on-the-job training, lectures in 
d if ferent subjects w ere  given and examinations were introduced to ascertain 
the trainees’ degree o f  comprehension and retention o f know-how. Th is  
eventually cu lm inated in the Department being able to o f fe r  tra in ing 
facilities to technicians from  the H ydrograph ic  Departments o f neighbouring 
countries. T o  date four candidates from  Th a iland ’s Hydrograph ic  Depart­
ment have been trained as Survey Recorders and Cartographic Draftsmen.



FINANCE

At the inceptual stage it was pointed out to the P S A  m anagem ent 
that the Hydrograph ic  Departm ent could not be considered as a self- 
sustaining Department, as the revenue earned w ou ld  norm ally  fa ll  short o f 
the expenditure. On  the other hand it was emphasised that hydrograph ic  
and hydraulic data were a prerequ isite to ensuring safety o f  navigation, 
as well as fo r  the future deve lopm ent o f  port facilities. There  being no 
other hydrograph ic  department, the only other alternative fo r  getting such 
w o rk  done was to contract it  out. The  shortcomings and inadequacies o f 
this option and the fact that this would  not be in the long-term  interests 
o f  the P o r t  w ere  appreciated. T h e  Port  management therefore accepted the 
recom mendations that the entire cost o f  the Department be met out o f 
the Po rt  Dues collected by the PSA .

Consequent to the D epartm ent ’s taking over the installation and m ain­
tenance o f aids to navigation w ith in  Singapore waters, the P S A  started 
collection o f  L igh t  Dues. Such dues form , however, part o f  the P o rt  Dues 
and as such cannot be credited direct to the Departm ent’s revenue. These 
dues alone are m ore than su ff ic ien t to meet the entire cost o f the Hydro- 
graphic Department.

However, the Departm ent also earns revenue from  the fo l low ing  
sources : (a ) Survey fees fo r  hydrograph ic and tidal surveys carried out 
fo r  the oil and shipping industry  in the seabed areas leased by the indus­
try ;  (b ) sale o f  survey plans, charts and tide tables; (c ) installation and 
maintenance o f nav-aids ow ned  by  private developers exclusively  fo r  their 
use, and (d ) consultancy services o ffered  in conducting feasib ility  studies 
fo r  both the private and public sector. The  revenue thus earned amounts 
to approx im ate ly  35 % of the Departm ent’s total expenditure.

In the final analysis, it w as the kind and favourable response o f  the 
P o r t  o f S ingapore m anagem ent to the H ydrograph ic  Departm ent’ s many 
requests that has made it possible fo r  the Department to achieve its present 
capabilities.

W ORK DONE

In itia lly, most hydrograph ic  control was still in the fo rm  o f field- 
computed values, and i f  it was adjusted at all this was by bits and pieces 
and it was not assembled as a homogeneous whole. Most o f the control 
and other prom inent landmarks and offshore features useful fo r  navigation 
have now  been triangulated and connected to the national geodetic network.

W ith  the installation of the Sea-Fix chain and an increase in the 
num ber o f  survey parties the Departm ent’s output o f w o rk  increased 
m an ifo ld . Th is  has made it possible for us to resurvey 11 703 linear k ilo ­
metres o f  S ingapore ’s Po rt  w aters on scales ranging from  1 :1 000 to 1:10 000. 
D uring  the series o f  jo in t  hydrograph ic surveys o f the Malacca-Singapore 
Straits the Departm ent ’ s teams surveyed 4 369 linear kilometres in the 
Main Strait. The Department also undertook surveys in new ly  developed 
channels in Po rt  Kelang, W es t  Malaysia and at Muara Harbour in Brunei —



the author act ing  as Consultant to the B runei Governm ent to id en t i fy  the 
causes o f  s iltation  in the Muara  approach channels, and recom m end ing  
certain  measures to im prove  their navigab ility . These recom m endations 
are n ow  be ing im plem ented  by  P S A ’ s E ngineer ing  Services D ivis ion.

T id e  and T id a l  Stream observations carr ied  out at nav iga tiona lly  
im portan t locations have resulted in a better understanding o f  the tidal 
reg im e o f  po rt  waters, and pred ictions th ereo f have had an im m easurab le  
im pact on p ilotage, since by tak ing advantage o f  tidal rises, deeper dra ft  
vessels can now  be accepted. Better p rog ra m m in g  o f V e r y  L a rg e  Crude 
Carrier (V L C C )  berth ing operations has resulted in savings o f  t im e and thus 
has becom e m ore  economical. T h e  D epartm ent n ow  m ainta ins seven per­
manent tidal stations. Th e  tidal and current data was used fo r  the cons­
truction in Poona, India  o f  a scale hydrau lics  m odel o f  S ingapore. T h e  
m ode l has p roved  indispensable in p lann ing  port deve lopm ent schemes. 
A l l  the hydrau lic  and oceanographic data requ ired  fo r  the construction  and 
‘p ro v in g ’ o f  the m odel w ere  prov ided  by the Department.

M uch progress has also been made b y  the Cartographic Section in the 
past six years. T h e  Departm ent published its f irs t  nautical chart on 9 
M ay  1975 (* )  and is n ow  busy in com p il in g  three m ore  charts o f  S ingapore 
Strait at the same scale. W o r k  is s im ultaneously  progressing on large scale 
charts o f  the P o r t  W aters . Th e  standard sym bols and abbreviations adopted 
by  the IH O  are used by  the Department.

Be ing  responsible fo r  aids to nav iga tion  in S ingapore waters, the 
D epartm ent has kept abreast o f  changes in this field. T h e  gas lanterns 
on buoys and beacons have been rep laced by  l igh tw e igh t  battery-operated 
lanterns. A  new  type o f  Nava id  was introduced when  a Resil ien t Beacon 
was insta lled in P o r t  waters in M arch 1974. Th is  beacon com prises a steel 
box f i l led  w ith  concrete sinkers. A  stee l-cum -alum in ium  tow er  is connec­
ted at its heel to the steel box by a universa l jo in t  thus enab ling the tower 
to oscillate a fe w  degrees from  the vertical. T h e  tower carries a large cage- 
type daym ark  and a battery-operated light m ounted on gimbals. Th is 
aid has the advantages o f  a r ig id  beacon, in that it m ainta ins its position 
and is as conspicuous, w h ile  (un like  a bu oy ) it cannot drag, on account 
o f  its h eavy  anchor and m ode o f  construction. Resil ient Beacons have 
since been insta lled in other crit ical areas. (See fig . 5).

A p a r t  f ro m  the above conventional tasks, the D epartm ent has carried 
out various other studies fo r  specific requirements. A  feas ib il ity  study 
was carried out fo r  an oil re f in ery  to advise the com pany  o f  the ideal 
location and a lignm ent o f  berths fo r  90 000 ton dw t tankers and fo r  a 
pier fo r  small-product use.

In  1970 the P S A  proposed to rec la im  an area o f 90 hectares o f  low- 
ly ing  ree f  a long the western  shore line. T h e  existence o f  the w ater  intake 
fo r  a pow er station im m edia te ly  eastward o f  the rec lam ation  area gave rise 
to apprehension that this intake w ou ld  silt up. A  fluorescent tracer study 
carried out by  the Departm ent con firm ed  this fear and suitable measures 
w ere  there fo re  taken to prevent the f i l l  m ater ia l from  silt ing the eastern 
area.

(*) Singapore Strait, Port of Singapore, Anchorages and Navigational Aids, scale
1 :50 000.



F ig. 5. —  A Resil ient Beacon.

In 1971 the Department, together with the Singapore Institute of 
Standards and Research, carried out radio-active tracer studies in the 
Eastern Roads. The study indicated hed-load movement towards the 
Container Port  then under construction. To  prevent such siltation the 
original design was modi f ied and the eastern side was sheetpiled.

In 1973 the Hydrographer played a prominent role in bilateral talks 
with Indonesia on territorial waters, and later in the actual delineation 
o f  the territorial water boundary between Singapore and Indonesia in the 
Singapore Strait.

In 1974 the Hydrographer was invited to carry out a technical feasi­
bil ity study of development of  a port at Marivelles Bay in the Philippines. 
Channel dimensions, turning circles, berth alignments, quantums for initial 
and maintenance dredging, and programming and berthing of vessels in 
di f ferent seasons were some of  the aspects studied, and appropriate 
recommendations were submitted.

In 1974-1975 the Department played a prominent role in the establish­
ment in the southern part of  the Port of  a Single-Buoy-Mooring facility for 
VLCCs up to 300 000 tons deadweight. Special-purpose Navaids were 
designed and installed to provide a leading line for a VLCC to transit 
across the Main Strait, and to indicate to the VLCC distances from the 
SBM in her final approach towards it. In August 1977 the Department 
established a Shipping Control Semaphore (fig. <>) at Raff les Lighthouse 
to warn passing vessels of  the intended movement of  the VLCC across the 
Main Strait.
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I ' ic,. <>. —  The new V I X C  semaphore signal (right)  with its cone-and-drum symbol,  
on Pulau Saluimi close to Raf f l es Lighthouse.

When the Government of the Republic of Singapore joined the IHO 
in 1972 the Hydrographer was nominated as its of ficial  representative for 
all I IIO matters. The Department also represents the Government in the 
International Association of L ighthouse Authorities ( IA L A ) .  Off icers of 
the Department have represented the Government in numerous technical 
meetings on subjects related to hydrography, navigation and L a w  of the 
Sea matters.

Due regard has always been paid to ensure happy co-ordination and 
cohesion amongst the staff. By providing incentives and upgrading their 
skills, it has been possible to maintain high morale among staff. Sustained 
interest and job satisfaction have been the essential ingredients for building 
up a closely-knit Department.

T I I E  F U T U R E

Now that most of the pressing demands of  the public and private sector 
for fresh surveys and other studies have been successfully met, attention 
is being given to furthering our expertise and thereby providing other 
services. Local  expertise is being developed in (lie field of harmonic analysis 
and predictions of tides and tidal streams. Repetition surveys of channels 
prone to siltalion arc planned to develop siltation patterns in order to 
monitor future changes and effect the necessary remedial measures to 
maintain the navigabil ity of channels for present and future requirements.

Automation in field and cartographic processes is being considered to 
clear the back-log of work and to expedite publication of charts covering 
Singapore waters.



A  new  automated lighthouse is be ing constructed on the eastern 
shoreline to cater fo r  shipping transiting  the Straits.

T h e  P S A  H ydrograph ic  D epartm ent has thus risen from  a hum ble 
b eg inn ing  in 1970 to its present status. It has g row n  in size, strength, 
exper ience and expertise. W h i l e  re jo ic in g  in its past, it looks to the fu ture 
w ith  confidence. Trad it ions o f  dedication to the profession  and devotion 
to du ty  have taken root. B y  keep ing  abreast o f  the advance in technology 
and its op tim um  application  and deve lopm ent to suit local circumstances, 
it  hopes to m ake its due contribution to the w ell-be ing  o f  the P o r t  and 
the State o f  Singapore.


