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FOREWORD 

The  rapid  development of mining  in  the  Pilbara  region oi” 
north  west  Australia has already  ixcreased  the  transgort  task  in 
the  region  and is expected to increase it nuc1h more. In the 
past,  there has been  little  land  transport  to the noiL7th west, and 
the  major  service  has  been by sea. 

In the  fluid  situation  generated  by  rapid  development, 
it is important  to  ask how the  freight  task  should  be  perforned 
in future, whether  the  shares  carried by the  various  transport 
modes  should  be  changed  and  whether  there  should  be  radical 
changes  in  the  whole  transport  system  to  the  region.  These  are 
the  questions  that  this  report  sets  out  to  answer. 

The  report is largely  the work of the  Operations 
Research  Branch of the BTE, under  the  direction  of Mr. 2. C.H. 
Jones.  The  team  leader  was  Mr. J.S. iatham, OSE, a d  his 
principal  assistants  were Mr. P.T.A. Riddy  and Mr. G.R. Carr. 
Considerable  effort  went  into  developing a preliminary netwo-k 
analysis, a computer  simulation of ship  operations  and a coxplex 
linear  programming  model of land  transport  logistics.  The report 
does not  concentrate on these  techniques, Sut rather on the 
verification  of  source  data and the  interpretation of results  to 
establish  investment  possibilities  over  the  sixteen years cover-ed 
by the  study. 
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SUMMARY 

This report presents  the results of a  study of the trmsport 
needs arising from development in  the Pilbara and Kimberley 
regions of north west Australia. 

A standard  gauge rail link between the West Australian 
Government system and one of the new standard  gauge iron ore 
lines was found to be  as cneap a way of meeting  the transport 
needs of the Pilbara as either  shipping or lower levels of 
railway development. To the extent that the Pilbara Industrial 
Complex is likely to be established, a standard gauge link 
becomes an increasingly  better choice from the community.point of 
view. Should such a choice be made then the shipping service to 
the  Pilbara  would  gradually  become redundant, but ships of the 
West Australian State  Shipping Service (WASSS1 would continue to 
be an economical way of serving the Kimberley and Darwin, 

In the past, WASSS met most of the transport needs of the 
north west regions, but  its  share of the Piibara transport task 
has now declined. In order to increase its  capacity and 
efficiency, WASSS has re-equipped with four- relatively modern 
unit  load  ships. These are second hand vessels, imported on the 
understanding that they  would  be  re-exported within five years or 
that  arrangements  would be made for their replacement with 
Australian built  vessels. 

The time frame of the study was the period 1975-1990. The 
criterion was the total discounted resource cost of the transpGrt 
system.  This  is  the cost to the community as a whole and 
therefore  excludes all subsidies and taxes but  includec,  al.1 the 
allocable  costs of road, rail and  port constzwction and 
maintenance.  Past capital investments  have been taken as sunk. 

The transport requirements of the area over the  study  period 
were estimated by taking into account  present and future 
developments, but  initially  excluding  the  exploitation of North 
West Shelf gas. An  additional more approximate projection was 
made of developments  arising  out of the  proposed Pilbara 
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Industrial Complex, based on low cost power produced from natural 
gas. 

Some road construction and upgrading are already  planned for 
the  region.  It was established in  this study that, for the 
freight transport task alone, major' construction or upgrading 
bdyond  current  plans was not economically  justified. The 
evaluation therefore concentrated  on a range of ship and rail 
alternatives. 

Four  ship types were examined: 

Unit  load 

Roll on/Roll off 

Hybrid container (containers and unit loads) 

Lighter aboard  ship (LASH). 

Unit load was found to  be the least  cost  type. Irrespective of 
the prop'ortion of the Pilbara freight carried by sea, the optimum 
size was 6,000 tons deadweight  and  speed 14 knots. 

Five  railway options were considered. These ranged from some 
renewal and upgrading of the  present  State system, terminating at 
Geraldton on the  Midland  Railway  and  Meekatharra on the  Northern 
Railway, through new line construction to close the  gap between 
Meekatharra and the end of the Mt Newman ore railway, to a 
standard gauge link  from Perth to the Pilbara via Geraldton and 
Mt  Newman. Within these options, a range of general freight 
capacities was examined, from the  present 160,000 net tons per 
annum to 750,000 net tons, more appropriate to the Pilbara 
Industrial Complex. Further variations were intrdduced by 
allowing  for  phased railway development in  step  with the  growth 
of  the transport task, Thus a  large  number  of options were 
evaluated  against  the  least cost criterion. This was done by 
linear programming. 

The main findings were: 



Many of the ways of meeting tpansport needs in the Filbar.a, 
under the present  pattern of development, had total resource 
costs within a  few percent of the minimum. These options 
included  unit  load  ships to cover a range of sea  shares of 
the transport  task  from 80% to zero, upgrading of the 
existing rail system and new rail construction to close the 
Meekatharra - Mt Newman gap. 

However,  rail transport clearly offered the least cost 
choices  for *he higher tonnages required by the  Pilbara 
Industrial  Complex.  Among  the  better  options was standard 
gauge  construction from Geraldton to Mt  Newman. At this 
level of industrial development, possible backloading 
opportunities, not  accounted for in  this study, would enhance 
the advantages of rail. 



CHAPTER 1. INTRODUCTION 

Until  recent  years  the  pastoral  industry  and  some 
limited  mining  activities  in  the  Pilbara  dominated  the  transport 
needs  of  the  north of Western  Australia.  Because of the 
remoteness of the  region from markets  and  the  dispersion  of  the 
centres  of  production, sea transport  has  suited  the  general 
development of these  activities.  Even so, the region did not 
become  attractive  to  private  shipping  companies  and  the  West 
Australian  State  Shipping  Service  (WASSS)  was  established  with 
small  multi-purpose  vessels to fulfil the task. 

Over  the  past decade, the  iron  ore  mining  industry of 
the Pilbara has flourished  with  production from the  mines  being 
primarily  directed  towards  overseas  and  interstate  markets. 7 LT! 

order  to  establish  plant  capable  of the high  rates of productior? 
necessary  at  these  mines and to  serve  the  increasing  populations 
at the  ports  and  mine towns, a fast, high-capacity  transport 
system  had  to be developed.  Air  services  to  the  area  also  were 
improved so that  now  the  majority of intrastate  passengers ;?a2 
mails  travel by air. In  this  period WASSS has  faced a number of 
difficulties : 

loss Of general  cargo  and  passengers to inland 
transport 

rising  costs  of  operation  and  of  replacing  an  aged 
and  inefficient  fleet 

low  rate  of  return on funds, 

To offset  these  difficulties, proposals.were put forward 
in 1969 to  re-equip WASSS with  Lighter-Aboard-Ship (LASHYvessels 
which, by discharging cargo lighters  having a capacity of 
approximately 100 tons, can  achieve  rapid  turn-round.  Because  of 
high  tender  prices, the LASH proposals  were  not  accepted, but in 
1971 approval  was  given for the  importation  of  two  ex-Cunard 
cargo  ships,  'Parthia'  and  'Medea', on the  understanding  that  the 
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government of Western  Australia would. place  orders  for  two 
replacement  vessels  from  Australian  shipyards  within five years 
and that  'Parthia'  and  'Medea'  would  then  be  re-exported, 

Two  additional  unit  load  ships  'Trans  Ontario'  and 
'Trans Michigan'  have  since  been  purchased to enter  service  in 
1973. The  approval  to  import  these  ships  also  included  the 
replacement  proviso.  Table 1.1 summarises  vessel  characteristics 
for the import.ed ships, and Table 1.2 shows  Voyage  statistics. 

Arising  from  discussions  at  the  time of the  earlier 
importation,  the  Minister  for  Shipping  and  Transport  agreed  that 
the  services  of  the  Bureau  of  Transport  Economics  would be made 
available to undertake  a  transportation  study of the  north  west. 
While  the  primary  purpose  was  to  determine the nature, size and 
number of replacement  vessels  to  meet  the  future  transport 
requirements of the area, the  study  was  not to  be confined to  sea 
transport.  The  study  has  been  conducted  in  co-operation  with the 
Western  Australia  Director-General of Transport.  During  the 
course  of  the  study,  a new proposal for the  development  of  the 
Pilbara  was  issued by the  West  Australian  Government  (Annex A), 
Th,e transport  implications of the  Pilbara  proposal  have  been 
incorporated,  in  a  preliminary way, into  the  study  as  a  secondary 
evaluation. 

Except for a  very  small  quantity of urgent  high  value 
freight, air, transport  is  not  a  contender for a  share of the 
goods  traffic. 

1.1 AIM AND  SCOPE OF THE STUDY 

The aim of  the  study has'been to describe  the  future 
transport  requirements  of  the  area and from  these  to  evaluate 
alternative transpo1.t systems to serve  the  north of Western 
Adstralia by  land  and  sea. 

. 



TAB1.E 1.1 - WCSI AUSTRALIAN STATE StiIPPINS SERVICE: 
DE1 AliS O F ,  VESSELS, CURRENT UNIT LDAD FLEET 

MV 'Wambiri'  MV'Beroona' h'V 'Trans fiV ' T m s  
M i  chi qan' Ontario' 

R.s-gister Particulars 

Gross registered 
Net registered 
Deadreight 

Powerinq Particulars 

Service speed 
Service power 
Heavy fuel usage at sea 
Light fuel usage, 
sea and port 

Cargo Carryinq Capacity 

Bale cubic 
Stowage rate 
Cargo deadrei  ght 

Service History 

Construction date 
Delivery to WASSS 
Order date for 

replacement vessel 

Cost Data 

Capital cost  for 
insurance purposes 

Estimated resale  values 
at end of ye;r: 1976 

1 S78 
1980 

Effective Crew  Complement 

tons 5,149 
tons 4 , m  
tons 1,444 

knots 16 

tons/day 19.893 

tondday 1.572 

hP 7,700 

'0OOcu ft 385 
c u  ft/ton 80 
tons 4,810 

1963 
Se pt. 1 971 

Sep.1976 

t m  2,5 

$m 0.95 
$m 0.69 
$m 0.4? 

30 

5,149 
4,028 
7,444 

16 
7,7t!O 

1 9.893 

1 S72 

385 
e 0 

4; a1 0 

1963 
Oct .l 971 

Sept .l 976 

2.5 

0.95 
0.69 
0.43 

30 

6,425 6,456 
4,042 4,3ZE 
7,941 7,346 

16 16 
7,900 7,900 
21.037 21 037 

1 h33 1 .S33 

407 4 07 
80 30 

5,090 5 , 090 

1963 1363 
Feb.1973 FeS.1973 

Feb.1978 Feb.1978 

3.0 3.0 

1 .JO i .X 
1.05 1 .o'. 
G.08 0.08 

30 30 

Source: West Australian State St,ipping Service 

- KITE: 'U'arnbiri' and  'Beroona' are the current naaes given to the 'Parthia'  and 'hledea'. 
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TABLE 1.2 - WEST AlJSTRALlAN STATE SfllPPING SEFIVICE: 
SUMMARY OF VOYAGE CHARKTERISTICS, CURRENT UNIT LOAD FLEET 

Voyage MV 'Warnbi  ri ' MV 'Trans Michigan' 
characteristic MV 'Beroona' M V  'Trans Ontario' 

Bustop (a) Shuttle (b) Bustop (a) Shuttle (b) 

A l l  ports Pilbara Kimberley A l l  ports Pilbara Kimberley 

Speed knots 16  16  16  16  16  16 

Trip  time  days 25.1 3 19.11 24.66  25.1 9 19.88  25.44 

In port time  days 14.74  14.06  14.40 15.52 14.84 15.18 

Trips (annual) 13 18  14 13 17  13 

Annual capacity  tons 56,290  77,940  60,620  59,540  77,860  59,640 

(a)  'Bustop' refers  to  a call on the northbound voyage at each port from Oanpier to  Darwin,  then 
return direct to Fremantle. (b) 'Shuttle' refers  to  calls on the northbound voyage only at ports 
in the region designated, then return direct to Fremantle. 

- NOTE: 'Wambiri' and  'Beroona' are  the current names given  to  the 'Parthia'  and 'Medea'. 
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The  geographic  limits of the  study  are  the  State of 
Western  Australia north of an  east-west line through  Mullewa. 
The time frame is 1975-1990. Routes cf existkg sea, rail, arid 
road  transport  systems  are  illus-trated  in  Figure 1.1. 

The  results of the  study  are  expressed  in the form of 
costs of sets of alternative  transport  systems  made up of  various 
combinations of modes (sea,  rail, and  road)  and  alternatives 
within  these modes. The  possibility  that WASSS may  not have a 
role in the  future  transport  system is included. 

The  study was concerned  almost  exclusively with supplies 
for people  and  industries  in  the  area.  Mining  production is 
exported  directly  and  rural  production  is  small  in  volu~ne, so 
that  there  is  negligible  opportunity  at  present for back  loading. 
A summary of recent  distribation  gatterns  is  shown in Table 1.3. 



FIGURE 1.1 - ROUTES OF EXISTING SEA, RAIL AND ROAD 'TRANSPORT 
SYSTEYS TO THE NORTH OF WESTERN AUSTRALIA 

WESTERN AUSTRALIA 



TABLE 1.3 - DISTRIBUTION OF FREIGHT ORIGINATING IN PERTH TO OESTINATIONS I N  THE PILBARA, KIMBERLEY AN0 DARWIN REGIONS 

Region  Year  Tonnage  Percentage 

of State Direct Rail/ Air Total State  Direct Rail/ Air Total 

Service (a) (b) mod e s Service(a1 (b) 
destination Shipping road road (C) a1 1 Shi pping road road (C) 

." 

Pi 1 bara 1968 75,400 43,000 38,000 1,420 157,800 47.8 27.2 (d124.1 0.9  100 
1969 55,800 66,000 23,000 1,350 146,150 38.2 45.2 15.7 0.9 1 00 
1'370 75,000 128,000 49,500 1,5ijO 254,000 29.5 50.4 29.5 0.6 100 
1971 99,900 210,000 98,400 4,000 412,000 24.2 50.9 23.9 1 .o 100 

Pi 1 bara, Kimberley, 1968 159,000 45,000 39,000 2,000 245,000 64.9 18.4 15.9 0.8 100 
Oarwin 1969 145,000 69,000 25,000 2,000 241,000 60.2 28.6 10.4 0.8 100 

1971 1 86,200 215,100 98,9BO 5,300 505,500 36.8 42.6 19.6 1 .o 100 

I 

1970 165,000 131,000 50,000 2,300 348,400  47.4  37.6 14.3 0.7 100 I 

- 
(a) Excludes s o w  coastal cargo carried by other carriers. For instance, between June 1967 and September 1971 BHP ships (on 82 voyages) discharged 500,000 
tons of cargo at Port Hedland. 
(b) Includes tonnages by  road direct from Perth under licence or permit. (c) M M A  only. (d) Mt Newman facilities under. construction. Extensive use made o f  
rai 1 /road. 

Source: Director-General of Transport, 7;estern Australia. 
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CHAPTER 2. TRANSPORT TO THE NORTH OF WESYrERN AUSTRALIA 

The  area  north of the 26th.parallel makes up half of the 
area of Western Austmlia. ,It includes  the  whole of the  Pilbara 

and Adelaide  to  various  centres  in  the  regi.on. 

2.1 THE REGIONS 

The  two  significant  regions in  the  north of Western 
Australia  are  the  Kimberley  and  the  Pilbara. 

2.1.1 Kimberley 

The  Kimberley  consists of portions of Fitzroy and  North 
Kimberley  and  makes  up  an area of about 160,000 square  miles. 

In  the  Kimberley  region,  beef  production  is  the  major 
activity,  with  cattle  movement by  road  to  meatworks at Wyndharn, 
Derby and Broome for export  and  interstate  as  livestock.  Heavy 
production  of  grain  sorghum  and  cotton  on  the Ord, Camballin  and 
Dunham River  irrigation  schemes  is  forecast,  but  these  products 
would also be  exported. So, for  the  present  study,  movement  of 
agricultural  products  out  of  the Kirnberley is ignored. 

Iron  ore  deposits  are  worked  at  Cockatoo and  Koolan 
Islands in Yampi  Sound.  The  ore is either  exported or 
transported  to  Australian  steel  works  by  bulk  carrier. 

Exploration of offshore  oil  and gas fields has recently 
become  a  major  activity on the  coast.  Some  barytes  (drilling 
mild) is moved from  Wyndham  to  Darwin and Broome by State  ships. 
Construction  material  is  carried  to Broone by  road  and by sea. 
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TABLE 2.1 - DISTANCES FROM PERTH TO SELECTED TOlNS AND LOCALITIES 

(Statute miles) 

Town Road Rail or Sea Air 
rai 1 /road 

Mu1 lewa 
Geraldton 
Meekatharra 
Carnarvon 
Mt Nerran 
Exmouth 
Nullagine 
Onslar 
Wittenoom 
Marble Bar 
Danpier 
Tor  Price 
Roebourne 
Port Hedland 
Goldsrorthy 
Broore 
Derby 
F i  tzroy Crossing 
ilal Is Creek 
Kununurra 
Wyndham 
Darwin 

291 
31 2 
475 
61 1 
736 
835 
846 
860 
904 
91 7 

1,005 
1,014 
1,020 
1,030 
1,058 
1 ,368 
1,470 
1,574 
1,773 
1 ,995 
2,007 
2,564 

3 39 
306  237 
608 

569 

792 
875 

848 

9 91 

1,036 
1,120 1,107 

1,374 
1,568 

2,007 
2,120 

2 34 
400 
51 i 
6 36 
?I 5 
742 
755 
692 
-858 
788 
650 
81 0 
922 

1,045 
1 ,l 30 
1,257 
1,431 
1 ,481 
1,456 
1 , E 8  

Sources: W A Main Rocds Department 
W A G R Annual Report 1971 
W A Director-General of Transport 

TABLE 2.2 - DISTAWCES FROM ADELAIDE TO SELECTED TOWNS AND LOCALITIES 
(Statute ni  les) 

Torn koad Rai 1 

A 1 ice Springs 1,055 979 
Ha1 1 S Creek 1,726) 
Kununurra 1,887) via Tanami 
Wyndhar 1,961 
Dani n 2,001 
Kununurra 2,104) via Katherine 
W ynd  ham 2,178) 

Source: W A Director-General of Transport 



2.1.2 Pilbara 
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l The Pilbara  makes up an area of about 170,000 square 
miles.  It  has 400 miles of coastline and 150 miles of common 
border with the  Northern  Territory. 

The  major  activity  is the exploitation of high grade 
iron  ore deposits which are distributed through  the Hamersley 
Iron Province (,sohe 20% by  area  of the region).  On the  basis of 

~ orders held in 1972, iron ore valued  at $5,00Orn- will be exported 
before the end  of the  study  period. Development of ore handling 
and  associated  processing facilities to the end of 1972 amounted 
to about  $1,500m.  Export of iron ore is by bulk carrier and is 
not: considered in the study. 

Annex A outlines projected  development  in  the Pilbara 
resulting from the discovery  of substantial natural gas reserves. 
Backloading could  be available when this development proceeds. 
This  and  related  production data provided the basis for  the 

l population  projections in Annex B. 

The Pilbara is subject to cyclonic disturbances which 
can disrupt transport  over a period  of several weeks per year. 
Emergency stocks are  held to carry  over such incidents. 

2.2 TEE WEST AUSTRALIAN STATE SHIPPING  SERVICE 

WASSS  is  required to czrry all cargo offered 
irrpespective  of nature, quantity 'or profitabili,ty, and to provide 
a liner  service for perishable and other essential  goods. The 
absence of backloading  and  the relatively low density of eargo 
offering  have  been  important factors in the  Service's inability 
to operate profitably. 

l 

The WA State  Government  looked to the introduction of 
LASH ships to put its operations on an acceptable footing. In 
April  1969  Commonwealth financial assistance was sought to re- 
equip  the fleet with  these  vessels. 



Tenders were called both in Australia  and oversezs for 
two LASH ships, The reason for calling tenders overseas was to 
see whether significantly lower  price and suitable finance would 
be available for . overseas building. While LASH ships .had 
originally  been  estimated to  cost about $5.5m each, the tenders 
from the Australian yards gave a price after subsidy of $9m to 
$9.5m each and the lower of the two overseas tenders received was 
for more than $ 1 2 ~ .  

Because  of the hign tender prices for LASH vessels  the 
WA Government deferred the purchase in March 1971 and considwed 
the acquisition of sufficient  second-hand unit load ships to 
maintain a  weekly service from Fremantle to Wyndham with possible 
extension to Darwin. 

By the end of 1972, WASSS had imported, or was committed 
to importing, four second-hand unit  load  vessels of about 6,000 
tons  deadweight each, faster and better  equipped than its 
existing mixed fleet.  The  timing and conditions of the imports 
are summarised in Table 2.3. 

2. '2.1 Share  of  Freight  Traffic 

For the Kimberley, sea has been the dominant mode with 
as much as 90% of the demand  at the ports  and 80% of the demand 
from the  inland towns being  satisfied by WASSS. Taking into 
account  the  encroachment of road transport, the BTE estimated 
that 80% of total freight  to the Xiaberley  would be carried on 
WASSS vessels. 

The WASSS share of freight to the Pilbara has varied 
considerably since  the  beginning of the  major  iron ore 
development and  is  treated as a  variable in this  study. 

Historically, WASSS has carried  a 25% share of all cargo 
entering  the  Darwin area of influence.  Thus  some of the cargo 
entering  Darwin by sea may have  been  delivered as far south as 
Katherine. However, road transport has  secured an increasing 
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share of the  cargo in the  Darwin  area of influence.  The BTE 
estimated  that WASSS could  do no better  than regain 25% of the 
freight to Darwin  itself.  In  terms of all cargo  entering the 
Darwin  area of influence  this  would  represent a reduction of the 
WASSS share of cargo from 25% to 21%. 



..S .1.3 4 

TABLE 2.3 - WASSS FLEET RE-EQUIPMENT TIMING AND CONDITIONS 

Ship Detai Is 

'Waabi ri ' 

'Beroona' 

I rnported September 1971 
Approval suiject to - order for replacement  building in Australia  within 

- vessel to be re-exported when  replacement ready for 
5 years of arrival 

service. 

Imported Clcfober 1971 
Approval shject to same conditions  as above,. 

'Trans Michigan' 

'Trans  Ontario' ) 
1 

Approval to import granted August 1972. 

Approv.1 on the  understanding - imporid vessels to be used for  the purpose of 

- to be re-exported within 5 years  unless  replacements 
evalu2ting the viability of the WASSS service 

are orderd 
. if replacements  are  ordered consideratitin 

r i l l  be given to  retention of the vessels 
for  a  further period. 

- NOTE: I t  is anticipated ?hat the vessels 'Kangaroo' and  'Koolama'  will be sold when the imported 
vessels 'Trans Michigan' and  'Trans Ontario'  ecter service in 1973. 
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2.3.1 Rail Transyor's 

In the Pilbara -there are standarld gauge railway lines of 
high capacity linking t'he mining towns to the ports. Some 
limite3 use of these lines is made by "the mining companies for 
backloading from the ports to the mine tordn,s. On the other hand, 
the narrow gauge  lines from Ferth to Ge~?a.l..d,ton and from Perth to 
Mullewa and  Meekatharra have been used. extensivel-y (within their 

l limited  capacities)  to shorten the road haul. into the area.' The 
railheads at Geraldton and Meekatharra have served as 
transhipment points for some 40% of a.E.:i. freight entering the 
Pilbara by  land. 

Current  plans of the  Western  Australia Government 
~ Railways (WAGR), include the rerailing of certain sections of 
~ 

the  Midland  Railway between Perth and Gesaldton and the Norther? 
Railway  between Perth and  Mullewa. This worilc would be undertaken 
to cater for freight traffic which does not enter the study,  area. 
Moreo,ver, some upgrading of the-Mullewa to Meekatharra line will 
be necessary whether there will be traffic going north of the 

i 26th parallel or not.  This  upgrading  would  permit  increhsed 
l 

train size and faster speed on a  very  old  and worn track. 

2.3.2 Road Transport 

The road network of the avler provides access to the 
ports, the mines and the railheads. To a lesser extent, the road 
system is also  providing for private  motorists  and  tourists. 
Sealing of the  North  West  Coastal  Highway  is  almost complete  as 
far as  Port  Hedland.  The  Great  Northern  Highway from Meekatharra 
through Nullagine /Marble Bar, is expected to be  sealed  to  Mt 
Newman by 1977. Other sections from Broome to Wyndham are 
already  sealed to beef roads standards. 

~ 

Various  truck  and trailer combinations and axle loads 
are now permitted  on certain routes in the study  area. 
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Regulations g0vernirr.g the transport of goods by road are po:~i~.~~.~d 
by the WA Transport  Commission. 

There  are  certain  situatiorLs in which  road  transport is 
the  preferred  mode: 

Some  indivisible  pieces of equipment  cannot  be 
transported by rail OF sea  because of their 
dimensions. 

. 

Transshipment from rail or sea tc road sometimes 
involves  difficulties . 

There  are  weight  limitations  on  some rail sections, 
e. g. Mullewa  to  Meekatharra . 

Urgency is occasionally an over-riding  factor. 

In these circumstances,  the WA Transport Co,m.ission may grant 
permits for loads  to  be  transported  ail  the way by  road. 

An increasing  percentage of intrastate  freight  has been 
forwarded to the  Pilbara by the  land  modes.  Explosives  aFe now 
carried  almost  exclusively by land. We assumed that 
all  explosives and  at  least 20% of all other  freight  throughout 
the  Pilbara  and  Kimberley will always be. forwarded by irlnd 
transport. This sets  the  upper  bcund  to  sea-borne  intrastate 
cargo to the Pilbara. 
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The problem was to identify transport systems that  would 
minimise, or koie 'close to minimising,, th.L db'st 'of 'transporting 
projected quantities of  supplies  and material from  Perth'.and, to 
a limited extent, from  Adelaide  (via Centml AustraLia),  to a set 
of  demand  centres1.' in' the'  Pilbara- ,kna'' dimberlefr  and to Darwin. 
Thus, the transport'  task was,: cbnsiaered as 'e's'sentially logistic. 
However, within this task there are many 'po-ssible"combinations of 
sea, road, and  rail. 

~ . . ,  
, ,  ' 

,. , , 

, .  

, )  
I , ,  

: 2 .  ' I , ,  5 ,; ' ,  . : < ,  ' $ ^  . . . , ~ :. t,, , ' ' 

1 : ; , ' , ..,, 
Population and  deveiopm@nt ' pro3ections  by commodities 

(Annejxes B, C and D> were translated into freight flows to major 
consumptidn centres, ' d o h  to 'the ' ledel.' of 'individual mining town, 
or group  of  closely sitiiiitea 'mining'  towhg.",'" ', 

, ,  

l , I .,; .. 

Ch0ic.e between 'larid ',and Sea' modes 'is"'affected  by price, 
frequency of service, damage  to freight and other factors, some 

, , ,  .: 

. .  int-p,gible, " I 'It. '.'Ga's' r'e'a'l:is&d " "' ea?jiy ' in '.the ' inve'stigation that , ,' 

there  was 1 ,insufficient data" ava.ilable to develop continuous 
models of modal choice, so an approach restricted  to resource 
costing of  .d.isc>*ete steps 'in  ,modai'  share' was the'refore  adopted. 
Because of the .number. of' possible  alternaiive combinations, 'this 
approacH was possible  only 'by'  res so-rt ',to mas.s'ive'  us'e of digital 

. .  . .  , ( ,  I '  ', . .  

,;. - , , , " , '  

' <  , I ,  

, , , m  . I . ,  

In Case 1, 20% of  goods  would  be  carried to the  Pilbara 
by land  and 80% by sea, 80% would be carried to the 
Kimberley by sea and 25% to Darwin by  sea. 

Cases 2 to 5 ranged through increments of 10% in the 
land  freight -share to the Pilbara. 
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. Case 6 reduced the sea component to Pilbara to EOthi;lg 
but  the  Kimberley and Darwin shares remained at 80% ar;d 
25% respectively. 

Case 7 was restricted  to  land transport only. 

3.1 LEAST  RESOURCE  COST  CRITERION 

The resource cost include2 all  the  operating, 
maintenance, necessary renewal and directly allocable 
administration  costs.  Items  such  as road maintenance tax and 
port fees were ignored  as  merely firiancial transfers and not 
costs to the  community.  On the othm hand, road  and  port 
maintenance  costs  were included. The resource costs spread over 
time were discounted at 7% and 10% to the base year and summed, 
giving a total  present  value resource cost.  This was the 
criterion by which alternative transport systems were comparedi. 
1972 was taken as the base year,  to be consistent with costs 
which  were  calculated  at 1972 values.  The  transport facilities 
north of Geraldton and Mullewa are predominantly  used by Pilbara 
and  Kimberley  destined  freight.  The road and rail usage cosxs 
south of these locations were allocated  on incremental basss 
provided by the  Commonwealth  Bureau of Roads and WAGR 
respectively.  Ships do not call south of Dampier, other than to 
load in Perth, so their  costs  could be charged fully to  the 
Pilbara, Kimberley  and  Darwin  freights. 

3.1.1 Other  Modal  Choice  Factors 

It  would  be  extremely difficult to cost a number 2f 
factors  that make one  mode  more or less attractive to a user khan 
another, for example, frequency of service and damage in transit. 
Interviews with a wide range of users in the Pilbara and 
Kimberley  indicated an equally  wide range of judgments on such 
factors.  While it  may be possible to synthesise . quantitative 
values for frequency, in -terms of inventory costs,  this would  not 
necessarily conform with the user’s valuation. It  was therefore 
decided to ignore  these factors initially, and to postulate that 



i all transport systems  providing a service frequency of weekly or 
better, would  be of equal value. However, in Chapter 6- 
Evaluation of Resulfs, the  cost implications of longer door-to- 
door transit times and  lower frequency of  shipping  are discv,ssed 
in  relation to those of land  tbankport. 

~ 3.1.2 Pricing  Policy 

, 
~ This repcrt does not deal with the issue of  pricing 
l policy which would  be  essential  to  any application of the results. 

There  would  be two steps in putting  the least cost system into 
effect, The first would be to  provide the. links and services in- 
dicated by the least cost solution.  To some extent this would 
restrict the choices. The second step would be to adopt a set of 
freight rates that  would  lead  users  to assign their goods in the 
optimal way. This procedure  would be feasible because rate setting 

i on  the publicly  owned modes, together with road taxes,  are 

l 

l 

l 

available as pol-icy instruments to secure the socially  best system, 
i.e. the least resource cost system. 

I I 

l 

3.2 RESOURCE COSTS 

3.2 .l Capital and Operating  Costs 

In  the discounted cash  flow calculations applied in this 
study, past or 'sunk' capital costs were ignored, even though the 
capital resources so acquired remain in use during the time frame 
of the  study.  Only new capital outlays were considered; for 
convenience, the'se capital outlays were  assumed to occur at  the 
beginning  of the  year concerned. In' the case of  asse,ts  jointly 
used, but which were created  specifically Cor one type  of 
traffic, e.g. ore railways, the entire capital cost was charged 
to that traffic.  Only those additional costs attributable 
directly to  other traffic were charged  to it, e.g. rail terminal 
works and rail operating costs on mining company railways. 
Operating costs, which included  not  only items such as fuel and 
operators'  wages  but  also repair and maintenance  (e.g.  periodic 

~ 



road  resealing)  were timed, again for computational  convenience, 
at the  end of the  year  concerned. 

In determining  present  values,  all  costs were based on 
constant 1972 figures and were  discounted to the  beginning  of 
that  year. 

3.2.2 Residual  Value 

Since  many of the major  capital  investments  had  lives 
extending  beyond  the  end of the  study  period,  the  residual  value 
of such  assets  had  to  be  determined.  Residual  value  was  taken  to 
be  the  difference  between  the  discounted  capital  strears 
corresponding  to  continued  renewal  into  the  indefinite  future of 
existing  assets  as  they  wear out, and  those  corresponding  to 
renewal of the  assets  in  the  first  year after the  termination of 
the  study  period,  with  sQbsequent  continued  renewal as they wear 
out.  Thus,  the  residual  value is the  value  of  the  remaining life 
of an asset  at  the  end  of  the  study  period.  Discount rates G_F 7% 
and 10% were used to  obtain  present  values. 

3.2.3 DeDreciation 

Because  commercial  vehicles  (trucks 1 have relativelv 
short  lives  compared  with  ships  and  railway  rolling stock, it was 
convenient to take  account cf  the capital  costs of trucks thnoszh 
a  conventional  depreciation  cost. 

.~ 

3.3 PROCEDURE FOR COPIPUTATION 

For  each of the  Pilbara/Kimberley  sea  transport  tasks, 
minimum  cost  fleets  of  the  four  ship  tvpes  in  -4nr.e~ E were 
derived  by  methods  described  in  Annex F. This  calculation 
included  a  timetable of ship  procurement and disccunted  tctal  sea 
transport  costs. Cargo handling  materials for the  alternative 
ship  types  are  determined  in  Annex G and  costs  associated  with 
materials  handling  are  in  Annex H. 
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For land transport, the frei,ght flows were allocated 
through the land network of road  and railway lines in such a way 
as to minimise present  value of the  total cost. Present planned 
development of the road system is shown in Annex I to ,be adequate 
to meet the  truck traffic projected  during the time frame, even 
for an all -land system. Passenger car traffic was  ignored, 
Corresponding investment strategies concerning railway 
development ranged from present WAGR plans, through further 
upgrading of  the  existing  line to  Meekatharrae up to construction 
of  a new standard  gauge line from Geraldton and Perth .- see Annex 
J. 

A$ explained in Annex K, the calculations leading to 
identification of a  minimum  cost  land transport system utilised a 
bivalent integer linear programming technique,  thus enabling many 
options to be evaluated over a range of forecasts and modal 
splits. 

The minimum total transport cost for each option was 
then obtained simply  by adding the costs of the complementary 
discrete modal shares of sea and  land  in the objective function 
of the bivalent integer linear programming model. For selected 
railway upgrading options and ranges of modal shares to sea  and 
land, a matrix of near -minimal discounted total transport 
resource costs was obtained for each discount rate. Figure 3.1 
illustrates the BTE approach to a  least resource cost comparison 
of alternative  transport  systems. By programming this 
mathematical  procedure for a computer, it  was possible to examine 
a wide range of investment  alternatives. .In all, some 1,200 
separate combinations of  ships  and rail/road alternatives were 
considered. 

Furthermore, as  the  programs have been retained, it will 
be possible to re-examine quickly and accurately future 
alternatives as forecasts  are  updated and new alternatives 
present themselves. A probable application is an evaluation of 
transport alternatives associated with the  proposed Pilbaraa 
Industrial Complex.  This is particularly relevant if future 
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development of the Pilbara arising out of the availability of 
offshore gas and mineral concentrates of the  Murchison is to be 
studied in depth. 
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FIGURE 3.1 - BTE APPROACH: LEAST  RESOURCE COST COMI"I*ISON OF 

ALTERNATIVE  TRAXSPORT  SYSTEMS 
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CHAPTER 4. COMMODITY PROJECTIONS 

For projection  purposes,  north--west  Australia was broken 
down into  three  demand areas, the Pilbara, the  Kimberley  and 
Darwin.  The  differing  characteristics of each area and the 
quality of available  data led to different  approaches  for  the 
three  demand  areas. 

4.1 PILBARA DEMAND AREA 

The  main  projection was based on extracts from the 
'Pilbara  Regional  Study'  by  Maunsell  and  Partners,  dated  May 
1971. Further  projections  correspoEding to enhanced  development 
resulting from availability  of  North  West  Shelf  gas were based or, 
'The  Pilbara - A Development  Concept'  by  the WA State  Government 
Department of Development and Decentralisation, 1972 (summarised 
in Annex A). Maunsell used ore  production  and  processing as the 
primary  independent  variable from which  could  be  calculated the 
corresponding work force  according to derived  relationships, 
raking  assumptions  concerning  hours  worked  and labour efficiency. 
This figure, plus  other  adjustrnents,was  then  translated in-:so a 
population  figure  according  to  projections of the propo~tion of 
marrled  workers and of family size. Results  are  shown ir? Anzex 
B. High and low projections were also made  corresponding -L2 

retarded or accelerated  deveiopnent, in consultation  with the WA 
Department of DexJelopment ar:d Decentralisation.  The  production 
and processing  projections  are  summarised  in  Table 4.1. 

The  projection of population for Danpier/Wickham. 
associated  with  the  Pilbara  Industrial  Complex  was  necessarily 
more  approximate. 

On  the  basis of these  development and population 
projections,  the  corresponding  freight  requirements were broken 
down  into  categories.  Explosives  were  included as a separate 
category  because WASSS would  not  normally  carry  explosives  in 
large  quantities. Thus transport of explosives  was  restricted  to 
the land  modes;  some  direct import from overseas  through the 



TABLE 4.1 - PROJECTED F IVE-YEAilLY IR3N ORE PRKIUCTION PATTERNS A T  PILBARA MINES AN0 
ASSOCIATED SECONDARY IRON  ORE PROCESSING A T  THE PILMRA PORTS 

(Millions of tons per annum) 

Mine torn  Reduction in production  below  medium level Medium  projection of production  levels  Increase in producti-on above medium level 
or  for low projection  for hiq'l projection 

PO rt Year  Year Year 

1975 1980 1985  1990  1975  19%  1985  1990  1975  1980  1985  1990 
IRON ORE PROOUCT l ON 

Mt Tom Price 0 0 0 0 25  25 30 35 
Paraburdoo 0 0 0 0 15 21 30  35 
Mt  Brockman 0 0 0 5 0 0 0 5 
Koodaideri 0 14 11 0 0 14 25  25 
Mt Goldsrorthy/ 
Shay/Kennedy  Gap 0 0 0 0 8 8 8 8 
Packsaddle 0 5 0 5 0 5 5 10 NO CHANGE  FROM MEDiUhl F'RGUUCTIONS 
Mt  Nerman 0 0 0 0 33  33  35 40 
Ophthalmia 0 15 10 0 0 15 25 25 
Rhodes  Ridge 0 5 0 0 0 5 5 5 
HcCarey's 0 2 8 7 0 2 10  17 
Wittenoon 0 0 0 0 3 3 5 8 
Pannawnica 0 5 5 5 12 17 22  32 

I 
li, 
F- 
I 

SECONDARY PROCESSlNG PRDDUCTION 

Oampier,  Karratha, 
Legendre 
(Hamersley) 
Pellets + Agglomerates 0 5 4 2 6 11 15 l8 0 8 9 11 

lickham, Cape Lambert 
(Robe  River) 
Pellets + Agglomerates 0 2 4 3 5 7 11 16 0 0 0 2 



Pilbara  ports has occurred,  but ' was ignored in the studgy . 
Because  the  bulk  of fuel is carried in oil taiIkers to the ~ G Y ~ S  

and then distributed to the  mines on company raj-;. tankers,  fuel 
oil  was  not  cons-idered as a cate.gory in'the freight  requirements. 

Annex C and D document  the  bases of the assumed  freight 
requirement  factors for each  of  these  categories, as follows : 

'support of. population .: 2 tons  per head per year 

housing  and  infrastructure  construction : 51! tons per 
house  constructed 

number, .of. .houses constructed: based on papulation 
increase,  proportion  married  and  family  size 

plant  maintenance,  on  the  basis of ore  production, in 
million  tons of ore  production  per annan (14TPA): 

explosive  at  the  mine - 800 tons per MTPA, each  yea- 
maintenance  at  the mine.- 300 tons  per MTPA, each year 
maintenance  at  the  port - 200 tons  per MTPA, each  year 
plant  construction : 

port - 10 ,OOC tens per MTPA, spread over  five years 
mine -, 5,000 tons per MTPA, spread over five years 

Table 4.2 summarises the gilbara freight  tonnage  requirements for 
all the  principal  towns and p o ~ t s  by the  above  categories. 
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TABLE 4.2 - PR3JECTION OF FREIGHT  OEMANOS BY COMMODITY RANGE FRG# PlLB\RA h l l F I E  TWNS: FIVE-YEARLY BASlS,MEDIUM RANGE 

Mine  Year of projection 
town 

1975 -F380 1985 1990 

Coanodity  range Commodity range  Connodity.  range CornEodi ty  range 

L M E C H  L M  E C  H L M E  C H L !i: E C H 

Toa Price 
Paraburdoo 
Koodaideri 
Goldsrorthy 
Shay Gap 
Packsaddle 
IAt W e w a n  
Ophthalnia 
Rhodes  Ridge 
McC  aae $S 
Yi ttenoom 
Pannaroni  ca 
It  Brockman 

6.2 7.5 ~ 20.0 0.0 0.9 6.2 7.5 20.0 5.0 0.0 7.2 9.0 24.0 5.0 0.6 8.0 10.5 28.0 5.0 0.5 
4.1 4.5  12.0 6.0 14.0 5.5 6.3 16.8 9.0 0.8 7.2 9.0 24.0 5.0 1.1 8.0 10.5 28.0 5.0 0.5 
0.0 0.0 0.0 14.0 0.0 3.9 4.2  11.2 11.0 1.9 6.2 7.5 20.0 0,0 1.4 6.2 7.5 26.0 0.0 0.0 
l.€ 0.8 0.0 0.0 0.0 1.6 0.8 2.0 0.0 0.0 1.6 0.8 2.0 0.0 0.0 1.6 0-8 2.9 0.0 0.0 
2.1 1.6 4.4 0.0 0.0 2.1 1.6 4.4 0.0 0.0 2.1 1.6 4.4 0,O 0.0 2.1 1.6 4.4 0.0 0.0 
0.0 0.0 0.0 5.0 0.0 2.0 1.5 .4.0 0.0 0.6 2.0 4.5 4.0' 5.0 0.0 2.9 3-0 8.0 5.0 0.4 
76 9.9 26.4 0.0 2.1 7.6 9.9 26.4 2.0 0.0 9.0 f0.5 28.0 - 5.0 0.3 8.8 12.0 32.0 5,0 0.5 
0.0 0.0 0.0 15.0 0.0 4.1 4.5 ~ 12.0 10.0 2.0 6.2 7.5 20.0 0.0 1.3 5.2 7.5 20.0 0.C 0.0 

0.0 0.0 0.0 2.0 0.0 1.5 0.6 1.6 8.0 0.4 2.9 3.0 8.0 7.0 0-6 4.6 4.6 13.6 7,O 0.9 
1.8 0.9 2.4 0.0~ 0.0 1-5 0.9 2.4 , 2.0 0.0 2.0 1.5 4.0 3.0 0.1 2.5 2.4 6.4 3.0 0.2 
3.4 3.6 9.6 0.0 0.0 4.6 5.1 13.6 2.0 0.6 5.6 6.6 17.6 8.0 0.6 7.5 ' 9.6 22.5 9.0 1.2 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0; 0.0 0.0 0.0 0.0 0.0 5.0 0.0 2.0 1.5 4'0 5.0 0.6 

0.0 0.0 0.0 5.0 0.0 2.0 1.5 4.0 0.0 0.5 2.0 '1:'5 4.0 0.0 0.0 2.0 1.5 4.0 0.0 0.0 

- NOTE: The letters L, M, E, C, H refer to rsnges of comodities  associated  respectively with foqistic suppart of the  population,  mintenarrce Sapport of 
industry,  explosives  requirements  at  the  nines,  construction  material  during  establishment  or  expansion of the mine, and  houssng  construction. 



4.2 KIMBERLEY DEMAND AREA 

The population  projections were based on the 'Report of 
Capital  Expenditure  Evaluation for the W A Coastal  Shipping 
CommissionP P A Management  ,Consultants, 1970. The projections 
were  updated as necessary by the  Commonwealth  Department of 
National  Development.  The  factors  used for support of population 
and housing/infrastructure  ccnstruction  tonnages  were the same as 
those  used for the. Pilbara. 

Table .4.3 summarises the freight  tonnage  requibementr. 
for the  Kimberley. 

4.3 DARWIN  DEMAND AF.EA 

Population  projections for Darwin  and , its area of 
influence  were  obtained from the  Department of the  Interior  (the 
relevant  branch is now in, the  Departxent of the NortheTR 
Territory).  Usi,ng  the  sane  approach as for the Pilbara, the 
pcpul.ation projections  were  translated  into  support  and 
housing/infrasturcture  tonnages  (Annex C>. 

4.4 TQTAL  TONNAGES 

Usink  the  above broad comnodity  classifications,  annual 
requirements by commodi.ty for  the Pi-lbars., Kimberley,  and  Pilba-a 
plus  Kimberley  are  shown  in  Table 4.4 together  with 25% of  the 
Darwin  requirements  and  the  g-2nd total tonn8ges used in the 
study.  Exclusive of zdditior?al requirements ;..rising frnm the 

Pilbara  Industrial  Complex,  the  study was cgncerned with the 
mcvem-ent of some 426,000 tons i.2 1975, increasing to some 933,000 
tons in 1990. The distribution of this  freight by towns  and by 

percentages of the  grand  total to each  demand are&. is shown in 
Table 4.5. 



IN THF PI 

Port Year of projection 
t o m s  
and 1975 1 MO 1985  1990 
inland  Lomaodlty  range  Lomaodlty  range  Loianodlty  range  Lommodtty  range 
centres 1 M E C W L- E C H L M E C H L M E C H  

_L- 

Dampier 
Wickhar 
Port Hed 1 and 
Broome 
Yampi  Sound 
Derby 
Admiralty Guif 
Wyndham 
O a n i  n 
Urani U Prov. 
N T Rural 
Aborigines 
Katherine 
Fi tzroyY est Kim 
East  Kimberley 
Ha1 1 s Creek 
Kununurra 

21.3 
13.1 
24.8 
9.5 
1.5 
6.3 
1.7 
5.7 

119.7 
8.5 
4.2 
7.3 
18.1 
7.3 
3.5 
4.4 
5.3 

8.6 
2.4 
8.2 
1.7 
2.0 
1 .l 
1 .l 
1 .o 
21.2 
1.5 
0.8 
1.3 
3.2 
l .3 
0.6 
0.8 
l .8 

0.0 
0.0 
0.0 
0.0 
0.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0-0 
0.0 
0.0 
0.0 
0.0 
0.0 

8.1 %5 43.2 14.0 
2.2 7.9 18.9 3.6 
9.2 7.1 44.6 12.0 
5.0 3.4 13.2 2.5 
0.0 0.3 1.5 2.0 
0.0 0.5 6.9 1,3 
0.0 4.0 6.3 5.6 
0.0 1.3 7.1 1.3 
0.0 81.1 186.5 35.3 
0.0 2.3 12.4 2.4 
0-0 0.9 5.a 1.1 
0.0 0.7 8.4 1.6 
0.0 1.6 19.9 3.8 
0.0 0.7 8.8 1.7 
0.0 0.4 3.9 0.7 
0.0 0.3 4.9 0.9 
0.0 6.1 11.1 4.2 

0.0 11.2  15.5  54.3  19.6 Q.0 “10.8  7.8  59.3 25.0 0,O 10,8 3.5 
0.0 7.6 4.1 25.0 7.4 0.0 9.2 4.3 33.5 12.0 0.0 9.2 6.0 
0.0 2.0 14.0 51.4 13.0 0.0 0.0 4,R 51.2 12.0 0.0 0.0 0.7 

0.5 0.0 0.1 3.0 4.0 1.0 13-0 I.? 4.5 6.0 2.0 0-0 ?,7 
0.0 0.0 0.6 7.4 1.5 0.0 0.0 0.6, 7.9 1.7 0.0 0,O 6:6 
6.0 0.0 0.4 6.7 8.7 0.0 15.0 0.4 7.0 16,4 0.0 5.0 0.4 
0.0 0.0 1.4 8.5 1.7 0.0 0,o 1.5 9.8 2,l 0,O 0.0 1.5 

0.0 12.0  3.61  16.9  3.4 0.0 12.0  4.0 20.6 4.3 0,O ?B,0 4,3 

0.0 0.0 109.1 m , o  54.7 0-0 0.0 1 4 w  378.4 80.5 0.0 0.0181.3 
o,o 0.0 3.0 17.1 3.4 0.0 0.0 4.2 22.6  4.8 0.0 c,o 5.5 
0.0 0.0’ .3.6 9.7 2.0 0.0 0.0 6.9 ‘75.4 ’ 3.3 0.F 0.G 9.5 
0.0 0.0 1.4 10.4 2.j 0.0 0.0 1.6 10.4 2.2 0.0 0.0 0,O 
0.0 0.0 7.9 21.9 4.4 0.0 0.0 2.2 24.0 5.1 0.0 0,O 2,5 
0.0 0.0 3.6 12.7 2.6 0.0 0.0 3.5 14.3 3.0 0.0 0;O 0.0 
0.0 0.0 0.4 4.2 0.9 CI,O 0.0 0.4 5.7 1.2 0.0 0.0 
0.0 0.0 0-3 5.3 1.0 0.0 0.0 0.3 5.7  1.2 0.0 0.0 0.4 
0.0 0.0 6.5 16:9 6.8 0.0 0.0 7,O 22.7 9.5 0.0 0.0 3.2 

(a)  Excludes  mine t o m s  covered i n  Table 4.2. 
NOTE: The  letters L, M, E, C, H refer  to  ranges of commodities  associated  respectively  with  logistic 

support of the  population,  raintmance  support of industry, cxplosives requirements  at :he 
Rines, c m t r u c t i m  naterial  during  establishment  or  expansion of the mine, and  housing 
c o n s h c t i o n .  

- 



TABLE 4.4 - PROJECTION OF FHEIGI-IT DEMANDS BY COMMODITY R,\NGE FROM REGIONS I N  THE PILEARA A N D  KIMBFRLEY A N D  D M V I N :  YEARLY BASIS, blEDIUM R A N G E  (a) 

( '000 tons) 

Year ' Regional  grouping  Total 
freight 

P i  I bara  Kimberley Pi 1 bara plus Kiaberley  Darwin  (b) 
Conodi t y  range C o m d i t y  range  Conmodi  ty  range  (C) 

L M E C H L M - - E  C H L M E C H Total 
(b) - 

1975 86.0 43.0 76.8 
1976 102.2 50.4 77.9 
1977 117.2 5k.9 78.P 
1975 1N.8 60.3 79.8 
1979 143.1 67.1 90.4 
1990 152.0 74.0 118.4 
1981 160.4 78.2 119.4 
1982 167.0 83.R 120.5 
1993 173.0 91 .S 1k9.0 
1984 179.4 9fl.O 154.5 
1985 183.7 103.0 160.0 
1986 138.5 107.1 166.0 
1987 193 4 111.9 169.5 
1988 199.4 114.9 1R2.4 
1989 203.0 119.A 163,7 
1990 206.4 122.5 167.7 

Commodity 

totals 2,504.5  !,3?5.4  ?,074.7 

53.6 
k k  .l 
73.6 
77.9 
69.5 
69.8 
70.9 
74 .O 
65.3 
69.5 
63.0 
63.0 
63.0 

63.0 
63.0 

63.0 

1,046.3 

27.5 45.2 
03.2 47.9 
76.2 50.1 
69.4 53.0 
61 .l 59.9 
40.5 63.7 
42.9 67.5 
37.:i 70.3 
33.9 74.4 
28.6 78.2 
22.9 91.6 
24.4 05.4 
25.9 89.0 
26.9 92.7 
27.3 96.2 
14.4 99.1 

643.0 1 ,:5~7 

11.4 
12.2 
10.5 
13.3 
14.9 
20.2 
16.4 
23.6 
25.9 
28.2 
3.6 
35.0 
39.2 
42.5 
43.8 
46.P 

4!4.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.7 
0.9 
1 .c 
5.2 
5.2 
5.6 
5.8 
5.0 

34.5 

5.Q 
5.4 
7.4 
9.4 
19.9 
12.4 
12.4 
13.5 
14.7 
14.8 
31 .5 
34.3 
42.0 
27.0 
l'.? 
2~.n 

282.5 

17.0 131 .2  59.4  77.3  58.6  44.5  371 .O 
13.5 150.1 52.6 78.3 50.5 96.7 438.2 
14.5 167.3 65.4 79.3 81.0 93.7 483.7 
15.3 183.8 73.6 80.3 87.3 84.7 509.7 
16.3 203.0 82.0 90.0 80.4 77.4 533.7 
16.9 215.7 94.2 118.9 82.2 57.4 568.4 
17.6 227.9 !14.6 119.9 .33.3 60.5 3d6.2 
18.2 237.8 107.4 121.0 87.5 56.1 609 * 8 
18.7 247.4 117.4 149.7 80.1 5Z.6 54'1.2 
19.1 257.6 126.2 155.4 04.4 47.7 671.3 
19.4 265.3 133.6 161.0 94.5 42.3 696.7 

19.3 282.4 151.1 ,174.': 105.0 45.2 '158.4 
20.;' 391.1 15'1.4 188.2 90.0 47.6 774.3 
20.3 299.2 163.6 169.5 76.7 47.6 756.E 
1'7.1 305.5 169.3 173.': 91.0 31.5 7'1'1  .0 

21.e 273.9  142.1 171.2 97.3  46.2  730.7 

2135.'1 3,739.2 l , ~ ~ . ~  2,1C9.3 1,329.8 .128.7 ~.y!106..3 

55.5 
60.4 
65.5 
70.9 
76.7 
82.7 
89.1 
95.9 
103.0 
110.4 
118.2 
126.4 
134.9 
143.8 
153,O 
162.2 

426.5 
498.6 
549.2 
580.6 
61  3.4 
651 .l 
675.7. 
705.7 
750.2 N 
781 -7 
81  4.9 
857.1 
893.3 
91 B.. 
Q@. 6 
933.2 

I 

iD 
I 

Pi 1 bara: 7,733.Y Yimberley: 2,173.0 Darvin: 1,646.5  11,555.5 



-30- 

TAB L E  4.5 - PROJECTION OF TOTAL I NYIAROS F R E I G H T  (a) DEMANDS FOR POWI~!~ A N D  TOWN$ 
EXPRESSED AS PbRCENTAGES OF TOTAL R E G I O N A L  DEMANDS FOR THE PERIOI! 
1975-1 9 9 0 ~ ~ ~ A L  RANGE 

Total  Demand 
~ 

’000 z of B X of % of Pilb 
Grouping  tons  Pilbara  Kimberley  Pilb + Kimb + Kimb 

t’ Dar (b) 
-“ 

T o m s  

Dampier 

Wickhan 

Pt Hedland 

Tom Price 

Paraburdoo 

Koodaideri 

Goldsvorthy 

Shay  Gap 

Packsaddle 

Mt Neraan 

Ophthalmia 

Rhodes  Ridge 

McCaaey’s 

Wittenoorn 

Pannawonica 

Mt BrockMan 

Broome 

Derby 

Yanpi 

Balance W. K i M  (Fitzroy) 

Wyndham 

Kununurra 

Admiralty  Gulf 

Baiiance E. Kia 

Halls Creek 

Reqions 

Total Pi1 bara Towns 
Total  Kimberley Towns 

Total  Kimb + Pi Ib 
TOTAL(Pi 1 6  + Kim + ,oar) 

l 

1,403.3 
695.9 

1 ?l 00.7 
681.5 
623.3 
473.0 
70.4 
129.6 
191 .? 
794.4 
443.1 
124.2 
267.0 
143.6 
51 6.7 
75.5 
521 .5 
144.9 
151.2 
242.7 
171.8 
41  8.8 
260.4 
84.5 

101.7 

7,733.9 
2,173.0 
9,906.9 
11,555.5 

18.1 
9.0 
14.2 
8.8 
8.1 
6.1 
0.9 
1 .? 
2.5 
10.3 
5.7 
1.6 
3.5 
1.9 
6.7 
1 .o 

24.0 

6.7 
7.0 
11.2 
7.9 
19.3 
12.0 
3.9 
4.7 

100.0 I 

.. 100.0 
- - 
- - 

14.2 
7.0 

11 “1 
6.9 
6.3 
4.8 
0.7 

1.3 
1.9 
8.0 
4.5 
1.3 

2.7 
1.4 
5.2 
0.8 
5.3 

1.5 
1.5 
2.4 
1.7 
4.2 
2.6 
0.9 
1 .o 

78.1 
21.9 
100.0 
- 

12.1 
6 .O 
9.5 
5.9 
5.4 
4.1 
0.6 
1 .l 
1.7 
6.9 
3.8 
1 .l 
2.3 
1.2 
4.5 
0.7 
4.5 
1.3 

1.3 
2.1 
1.5 

3.6 
2.3 
0.7 
0.9 

66.9 

18.8 
05.7 
100.0 

(a)  Excluding  overseas  and  eastern  states  sea cargo. (b) 25% only of the  requirements 
for  Danin. The Darmin  area of influence  is  not included. 
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CHAPTER 5. FREIGHT  DISTRIBUTION - ALTERNATIVES  CONSIDERED 
The  demand  centres  identified  separately Fa this ~ t ~ ~ - y  LY 

are  schematically  presented in Figure 5.1, in  which  are  shown the 
transport  links  that  exist at present or will exist when -the 
associated  projects  commence.  This  network  was  the  basis of tie 

computer  model. 

5 .l SEA 

Shipbuilding  Division  of the Department of Transpor-.: 
estimated  ship  construction  costs  for  all types, container, roll 
on-roll  off,  unit load, and LASH, over a range of siie  and speed, 
using  standard  procedures  (Annex E). They  incladed  an  optimising 
procedure  whereby the total  cost of each  type/size/speed 
combination  was a minimum  within  port  draught  constraints, if 
applicable  (Annex E). 

For each  modal  split  (Cases 1 to 6 described  in Chapter 
3), a fleet  development  programme for each  type/size/speed 
combination over the  study  period was derived and the present 
values of the  total  shipping  cost,  including  port  and car:go 
handling  costs,  were  calculated.  This  was  done for both the 'bus 
stop'  and  the  'shuttle'  schedules - see  Figure 5.2. The  analysis 
was  done  twice - first  with  some  approximations  to  identify  the 
most  economical  type/size/speed  combination  and sesond, a 
detailed  analysis  of  ship  procurement,  scheduling  and other 
factors for that  comb.ination. 

The  first  analysis  clearly  identified  the  unit load type 
as  economically  preferred. The optimum  size  and  speed were 
6,000 tons  deadweight  (approx)  and 14 knots respectively. 

The  second  analysis was then  performed in greater  detail 
for the unit  load type for both 'bus stop' and  'shuttle' 
schedules  and  for  each  modal  split.  'Shuttle'  scheeules would be 
preferred for almost all years and nodal shares.  Table 5 .l shows 
the  resulting  fleet composition and ship usage  pattern for each 
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FIGURE 5.2 - WEST AUSTRALIAN STATE SHIPPING smvrm:: ROUTES 
OF THREE PROPQSED,SERVICE PATTERNS { R ,  R, C) TO PORTS 
IN THE PILBARA  AND  DARWIN -! 

l 

WESTERN AUSTRALIA - SEA 
A- PROPDSED  EUSTDP ALL PORTS B PROPOSED  WUTTLE  PILBARA c PROPOSEOSWUTTLE  KIMBERLEY AND  DAYWIN 



(Yumher of vessels) 

Specification  for  Fleet  turnover and composition 
alternative shares 
to Pilbara  freight  Year 1 9  - 
demat d 

- 

75 76  77  78  79 80 81 82 83 84 85 86 87 88 89 90 

Case 1 (80% Pilbara) 
Vessel acquisitions 
Vessel sales 
Fleet composition 

- A  
- 0  
- c  

Vessels in fleet 

Case 2 (70% Pilbara) 
Vessel acquisitions 
Vessel s3ies 
Fleet  composition 

- A  
- B  
- L  

Vessels in fleet 

Case 3 (602 P i l b 3 )  
Vessel acquisitions 
Vessel sales 
rleet  composition 

- A  
- e  
- c  

Vessels in fleet 

Case 4 (505 Pi Ibara) 
Vessel acquisitions 
Vessel sales 
Fleet  composition 

- A  
- B  
- L  

Vessels in fleet 

Case 5 (40% Pilbara) 
Vessel acquisitions 
Vessel sales 
Fieet composition 

- A  
- B  
- c  

Vesyels in fleet 

Case 6 (0% Pilbara) 
Vessel acquisitions 
Vessel sales 
Fleet composition 

- c  
Vessels  in fleet 

- 

1 1   1 1 1 1  
1 1 1 1  

1 

5 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 , 3 3 3 3 4 4 4 4 4 4 4  

5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7  

1 1 1 1 1 1  
1 1 1 1  

1 

5 5  
3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 4 4 4 4 4 4 4  

5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7  

1 1 1 1 1 1  
1 1 1 1  

1 

5 5  
3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 , 3 3 4 4 4 k 4 4 4  

5 5 6 6 6 6 6 6 6 7 1 7 7 7 7 7  

1 1 1 1 1  
1 1 1 1  

1 

4 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  

4 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6  

4 4  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

3 3 3 3 3 3 3 4 4 4 4 4 4 4  
4 4 5 5 5 5 5 5 5 6 6 6 6 6 6 6  

1 
1 1 1  
1 1 1  

1 

3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  
3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  

- NOTE: Fleet  composition  gives t t l e  number of vessels  employed in e x h  of the voyage types A, B and C, w i ; w  A is 
bustop a l l  ports, B is stultle to the Pilbara, and C is shuttle to  the Kimberley and Darwin. 



year in the  project  period.  The  cost  ppofiles  associated  with 
these  results  are  contained in Annex F. Methods and data used. 
for- estimating  costs . of  cargo  handling  and  port  facilitiEs  are 
described in Annexes G and 3. The  results  are  presented in Annex 
H as  total  cargo  handling  and  port  costs  per  ton  for  all  ports 
and  ship  types. 

.. 

5.2 ~ O A D  

As  shown  in  Annex I, ' the  .road  upgrading  evaluatisn 
procedure  used  by  the WA Main  Roads  Department  would  only  justify 
sealing  the  links  Meekatharra-Mt  Newman  and  Nanutarra-Port 
Hedland for the  freight  flows  within  the  time  frame  of  the  study. 
Both of these  improvements are planned  for  completion  by 1977, so 
they  were  included in the present  study  as  given. '.Taking iRto 
account  projected  tonnages, no other  major  road'  approaches  this 
justification for sealing  on  freight flow grounds.  Consequently, 
all  other  roads - see  Figure 5.3 - are  assumed to remain in their 
present  state. 

BYE accepted  the  WA  Main  Roads  Department  proposal that 
'The  Australian  Roads  Survey - 1969-74 - Specification', 
Commonwealth  Bureau  of  Roads  and  The  National  Associa+ion of 
Austmlian State  Road  Authorities, 1971, be  used as a  source 

5.3 RAIL 

The  existing  narrow  gauge  system from Psrth to 
Meekatharra  through  Mullewa has restrictions on axle load, speed, 
and  train  length.  However,  WAGR  has  indicated that, dekpite low 
freight  levels to st3tions en route, the  BTE  should  assume  that 
the  Mullewa  to  Meekatharra  line  would  remain  open  throughout t.he 
period  1975  to  1990  provided that, at,the present  freight level, 
upgrading  is  not  necessary.  On  other  sections  there are existing 
WAGR  plans for rerailing  which  would  be  implemented  regardless of 
traffic  moving  north of the 26th parallel.  These  plans have been 



WESTERN AUSTRALIA =ROAD 

(a) Development of road8 in the  Northern  Territory has not  been 
considered in  the ptudy. ~ 
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included in those  cases w&ch require continued use of t5.e 
re:railed  sections. 

Five  major rail alternatives wel'e developed in 
c:on:unction with WAGR for comparison  with  other  modes  (see Table 
5.2). To examine  the  effects of deferring  the  start of projects, 
all  rail  options  were  evaluated for four  starting  tines  with 
construction  commencing in 1975, 1976, l977 or 1978.  These 
starting  years  are  identified by the  addition  of a final n:;lmeral 
(1 to 4). Thus, A14 is  the  sub-option in which  project A1 is 
commenced in year 4 (i.e. 1978). 

The first  alternative was the  present WAGR plan  for 
upgrading  the 'Mullewa  to Meekatharra  line  to  permit  higher axle. 
loads,  rerailing  the  Midland  Railway  and  the  Northern  Railway 
lines as necessary,  augmenting  the  rolling  stock  and  improving 
the  terminal  works  to  permit  movement  of  increased  freight  on  the 
existing  narrow  gauge  line. Two options  were  considered  within 
this program, one to accommoda-ce 250,OO Cl net  tons of freight and 
the  other  to  acconmodate 5OCl,OOO net tons  (options A1 and A2). 
One  sub-option, A14 would follow very  cl.3sely the present  planned 
timing. 

The  second  alternative  concentrates the upgrading 
measures  on  the  the  Midland  Railway  only.  These  upgradings w a ~ l d  
be  more  consistent  than  the A options  with  a new standard  gauge 
line  through  Geraldton.  Terminal  works and rolling  stock were 
also  to  be  augmented  to  permit  movement of 500,000 or 750,000 
tons  (options B1 and B2). 

Rail  options C and D were  to  upgrade  the  Midland or 
Northern  Railways,  as  appropriate,  to  provide for 18.75  tons  axle 
loads  and  to  construct  new  standard  gauge  to  Mt  Newman  from 
Meekatharra and Geraldton  respectively.  Rolling  stcck  and 
terminal  works  were  provided to permit  carriage  and  handling of 
three  annual  tonnage  levels.  The  latter  would be constrained  by 
terminal  works  and  rolling  stock  rather  than by track capacity, 



TABLE 5.2 - PROPOSE0 R 7 L  ALTERNATIVES 

” 

A I  ternati ve Description Level  Net freight (‘WO tons)  Arle 1 oadi ngs (tons ) Assumed split (‘000 tons) 
” 

Midland  Jorthern Total Midland  Northern Section via Meekatharra via Utakarra 

MULLEWA - 
MEEKATHARRA 

A Existing pattern 1 145  105 250 16.0  16.0  18.75  105 
(Upgrading  Rillera-Meekatharra) 
(Rerailing  Midland aad Northern 
as necessary 2 290 210  500  16.0  16.0  18.75  21 0 

E Existicc :iignments z p d  g-gges UTAKARRA - 
Upgrad: Mullera-Meekatharra MEEKATHARRA 

Midland 1 500 - 500 18.75  16.0  18.75 21 0 
Utakarra-Mu1 1 ewa 

2 750 - 750  18.75  16.0  18.75  31 5 
””___. 

C MULLEWA - 
Existing  alignment 6 gauges PORT HEDLAbD 
plus new standard  gauge  line 
Maekatharra to Nerman 1 - 250 250 16.0  18.75  18.75 50 
Upgrading  Ijllewa-Meekatharra 2 500  500 lG.O 18.75  15.75  75 

Gauge tr3rsfer at Yeekatharra 2 750  750  16.0  18.75  1E.75  100 
Goomalling-Hullera 

~ - _ I -  ~- ” ~” ” 

D UTAKARPA- 
Assumes  Weld  Range 9ailZ:ay POET HE3L4LD 
constructed ~y others and 1 256 - 250  18.75  16.0  18.75 5G 
standard gauge connection 
leld Range to Nerman 2 500 - 500  18.75  16.0  1e.75 
Upgrading Midlmd 
;losure  lulltwa-hleekatharra 3 750 - 750  18.75 15.0 23.5 100 
Gauge  transfer at Utakm-2 

nr 
13 

h i 1  LLE!!DGtL irll LLEkOON- 
E Assumes  Weld  Range  rziluay UTAKARRA PORT HEDLAhO 

constrded b y  o2i.ers  and standard 
gauge  connection Weld-Range to 

. Herm-an 1 500 - 500 18.75, 75 
New standard gauge railway 
M i  i iendon-Utakarra 2 750 - 750 18.75 1 GO 
Closure Mullesa-Meekatharra 

WOTE: ?ail reiqhtlyd in lbs = 4 X axle lo*ld  in tons 
Moora4-ii.lendon - ” .~ 

W 
I 
a3 
I 



Just  as  was  done  for  options A and B, provislor, wa:; m d e  
in C and D to  defer  construction for up  to foEr years. i /j & 
construction for D included  ccnFletion of 'eke nex stan&;r<  c;.i;ge 
line  from  Meekatharra to Mt iLTexr:ar? before  starting on t:n~ ;?e~ 
line  from  Geraldton  to  MeekathaT-,a, 

.- 

Agreements  with  the s?.ir:inE companies  make  provision for 
WAGR use of company  standard  gauge  lines for haulLng  general 
freight.  The  companies tkexelves make use of the ore railways 
for haulage  of  freight  and fuel from  the  ports.  While  only 
single  track  is  available,  there will be constraints cn the 
number of freight  trains  ?er xeek. However,  to  meet  present 
contracts,  both  Hamersley  and Mt Newman  railways  must  have  double 
tracks by 1980. When  the d c ~ b l e  track  systems  are  complete  therk 
should be no  traffic constr;air,t OP. general  freight  trains. 

By 1980 the  Fortescue Valley link  will  be a single  track 
serving  Koodaideri. By 1993 all trunk  routes from the  mining 
towns  to  the  ports  are  planned  to be laid  in  double  track cird 
critical  secticns in triple  track. 

These  projected  developments  are  based  upon  Maunsell a d  
Partners'  Filbara  forecast and are  summarised in Figure 5.4. 

Examination of work schedules for rail construction 
indicates that, following an initiai two year  planning  period, 
standard  gauge  links  could  be  constructed  in  the  following 
sequence: 

Link  ConstL-uction period years 
Meekatharra - Mt  Kewnzn 3 

Geraldton - Meekatharra 
Perth - Geraldton 

3 

3 

Operating  casts for the D opTion  were  taken  as 
equivalent  to A o p - t ~ , o ~  to Meekatharra  until  the  Meekatharra-Mt 
Newman  link  was  completed  and  then  full  option C costs  until  the 
Geraldton - Meekatharra  link was finished.  From  the  latter  point 
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FIGURE 5.4 - WEST AUSTRALIAN GOVERNMENT RAILW-$:i3 A.ND MINING 
COMPANY RAILWAYS : R O U T E S 2  FIVE PROPOSED RAYL DEVELOP&= 
PATTERNS TO SERVE TKE PILB ARA 

I 

(a)  The  letters A,B,C,D,E indicate  that the particular  sections of' 
line  to  which  they  are  tagged  are used for the  rail  option  designated 
by that  letter. A slash  through  the  letter  indicates  the  line 
section  is  closed  for  that  option. 



full D option  operation  costs were considered to apply for 
freight  to  Mt  Newman and Pt Hedland/Dampier. 

Similar  assumptions  were  made for the E option to cover 
the  phased  building of a standard  gauge  line from Perth to Mt 
Newnan over  three  consecutive periods of three years. 

A summary of the  proposed rail alternatives is provided 
in Table 5.2 while more detail on costs of the  various rail 
options is in Annex J. Figure 5.5 illustrates how the r7ail 
Qptions have been phased  into  the  study. 

The  extra  train  services  and  transit  times for the 
various  rail options are at Table 5.3. 



FIGURE 5.5- !VEST AUSTRALIAN GOVERNMENT RAILWAYS: A 
SUGGESTED CONSTRUCTION PATTERN FOR R A 1  L O P T l E  

, Option Capacity 
1 symbol ex 

A I  1 
A I 2  
AI 3 
31 4 
A21 
A22 
A23 
"" 
A24 
B1 1 

250 1 L 1  

II 

II ,-*-L 
11 - Upgrading of MULLEWA-MEEKATHARRA 
500 
11 c 

n 

Ref'ailinb of Midland  Railway  and 
Northern  Railway 
as necessary. 

. W ,"""""""" ............................. 
500 

E1 2 
B1 3 
B1 4 
R21 

W 

11 

750 
Upgrading of MULLEWA-MEEKATHARRA 
Upgrading of Midland Railray and  UTAKARRA-MULLEWA 

B22 
B23 
524 
c1 1 250 
C1 2 

n 
11 

* .............................. 
n 

Cl 3 
Cl 4 
c21 
c22 
C2 3 

n 
n 

500 
n 
n 

Upgrading of MULLEWA-MEEKATHARM 

Gauge transfer at MEEKATMRRA 
Standard  gauge MEEKATHARRA-MT NEWMAN 

GOOMALLI  NG-MULLEWA 

C24 
C 31 750 
c 32 
c 33 
c 34 

01 2 

n 

n 
II _"_"_ I ,_"""" ............................. "- 

D1 l 250 
n 

D1 3 
01 4 
021 
022 
D23 
024 
O 31 
D 32 
n 7 2  

N 

t! 

500 
n 
n 
n 

750 
N 

n 

0% 
El l 500 
El 2 
El 3 

E21 750 

11 """""- 
n 
n 

El  4' N 

C77 n 

Upgrading of Midland Railway 
Glosure of 1IIULLEWA-MEEKATHAkRA 
Gauge  transfer at  UTAKARRA 
Standard  gauge  GERALDTON-MEEKATHARRA 

MEEKATHARRA-MT NEWMAN 

~""~""~"""""""""""""~""-""~"""" 
Closure  MULLEWA-LiMiHARRA 
100RA-h1 l LLERGON 
Standard gauge 

dP€RTH-GERALDTON 
GERALOTON-LEEKATHARRA 
MEEKATHARRA-MT NEWMAN LLL 

E23 
E24 

n 

n 

- NOTE: Prior  to start of upgrading on construction  projects the rail system is assumed to operate at costs equivalent to 
a'do nothing'case with  a  capacity  constraint of 160,000 tons p.a on  freight  for north of Geraldton  and Meekatharra. 



TABLE 5.3 - EXTRA  lRAlN SERVICES AN0 TRANSIT TIMES FOR RAIL OPTIONS 

A 1  5 990 78 3 R50 24 2 11 20  36 
A 2  10 9'iO ?H 6 850 24 5 1120  36 
B 1  2 600 70 9 1500 24 5 1500  36 

B 2  2 600 20 13 780 24 U 1 1  50 36 

c 1  - - - 8 1070  24 4 1500  36 3 3300 69 3 3300 7 B 
c 2  3 1070  28 15 1070  24 10 I ?no 36 6 3300 

c 3  3 1070 28 22  1070  24 15 1500  36 6 6600 

13 1070  20 

21 1070 20 

69 6 3300  78 

ES 6 6600 78 
2 600  20 
5 1070 20 

D 2  2 bU0 20 
14 1070 20 

D 3  2 600 20 
21 1070 20 

E l  6 2080 20 
E 2  E 4200 20 

6 1950 62 6 1950 71 

3 1950 62 3 1 g50 71 
7 3 300 62 3 3300 71 
1 2460 62 1 2460 'i 1 
5 492@ 62 5 4920 71 

6 2080 36 6 2000 45 

6 4%00 36 E 4286 45 

c- l 

W 
I 
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CFAPTER 6. EVALUjlTION "__I_ OF RESULTS 

6 .l SUMMARY OF METHOD 

The criterion for comparing  the  alternative  transport 
systems was present  value  of  total  resource  cost. By separating 
-the calculation  of  sea  transport  costs  from  those  for  land, it 
was  possible to survey  a iqange of sea/land  modal  shares in such a 
way that  the  most  economic  split  could  be  identified. 

On  the  basis of standard  road  usage  criteria,  it  turned 
out  that  no  major  road  upgrading was justified  beyond  that 
presently  planned or being  planned.  Investment  in  land  transport 
therefore  centred  on  rail.  The  present  capacitv  of  the rail 
links to the  North  West,  the  Midland  Railway  to  Geraldton and  the 
Northern  Railway to Meekatharra via Mu.llewa,  is 160,000 net tons 
per  annum.  Two  upgrading  levels  considered  were for throughputs 
of 250,000 and 500,000 tons p.a. Three  other  upgrading  measures, 
with  capacity  up  to 750,000 tons  per  annum  were considerecl (see 
Table 5.2). 

RTE produced low, medium  and  high  freight  forecasts, 
corresponding tLs retarded and  accelerated  mininp and secondary 
production.  However,  the  range  of  these  forecasts  was  trivial  by 
comparison  with  the  range  between  the,mediurn  projection and that 
corresponding to the  proposed  Pilbara  Industrial  Complex, 
referred to here  simply as the  'super-forecast' . The. 
presentation of results is therefore  restricted  to  the  medium 
forecast  and  the  'super-forecast'. 

It was  clearly  established  that  the  optimum  type of ship 
for  the WASSS would  be  unit  load,  of 6,000 tons  deadweieht  and 14 
kr,otS  speed. As four  present  imported  unit  loaders  will be  in 
the WASSS fleet in 1975, it was clear  that  these  ships will 
provide  the  least  cost  sea  solution  until  re-export of the 
vessels  becomes  necessary.  Expansion or contraction of the  fleet 
depends  upon cargo to be  moved  and  this  was  taken  into  account in 
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the  programming of ship procurement. Similarly,  rail options had 
interlocking  aspects  in  permanent  way constr~ction arid in rolling 
stock  acquisition and replacement. Scheduling  was  also  varied 
so that  construction of each option could  start  in any year  from 
1975 to 1978. 

6.2 RESULTS 

Present  values of the total  costs  discounted  at 7% are 
shown in Table 6 .l. The  main deductions drawn from Table 6 .l art: 
as follows: 

(a) The  total  transport resource costs  associated with 
lower  capacity rail option A1 are insensitive tr; 
the  degree of sea  participation. 

(b) The higher capacity rail upgrading (without new 
construciton) option B2, shows somewhat lower  costs 
with no ship participation.  This  is  because  it  is 
clearly more economic to utilise a given  rail 
investment fully before introducing new ships. 

(c) Total transport  resource  costs  associated with 
closing the Meekatharra-Mt  Newran  ggp by new 
standard gauge rail, option C, are not- 
significantly  higher than thcse associated with 
rail upgrading  investments A and B. In  fact, 
option C24 with  no sea participation, a 500,000 ton 
per annum  capacity  line with construction starting 
in 1978 has a total cost within 1% of the 
combination  of the best  ship option, 80% by sea, 
concurrent with a minimum rail upgrading option, 
A14. 

(d) The  major  standard  gauge options, D and E, show 
total  transport resource costs  only  slightly higher 
(3-10%), than the  lower capital investment options. 
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TABLE 6.1 - PRESENT VALUE OF TOTAL TRANSPORT RESOURCE COSTS,OISCOUNTED AT 1% 

Rai 1 A 1  1 Sea  participation 
option  land 
(a) Sea  share  of  Kimberley  traffic  (held  constant  at 80%) plus sea  share of Pilbara 

0% 409 50% 60%  70% 80% 

traffic at: 

A01 (b) 
A1 1 
AI 4 
A 21 

B1 1 
B1 4 
B21 
B24 

c 21 
c22 
c23 
C24 
C 31 
C 32 
c33 
c 34 
D21 
022 
024 
D 31 

El 1 
El 4 
E21 

~ 

I 

169 
165 
1 66 
1 62 

168 
166 
168 
165 

165 
164 
168 
163 
17j 
169 
172 
167 

173 
171 
168 
175 

177 
170 
183 

168 
166 
165 
163 

169 
166 
1 71 
167 

170 
168 
170 
166 
178 
175 
177 
171 

177 
174 
1 71 
182 

1 81 
173 
190 

169  165 
168  164 
167  163 
168  166 

174  172 
170  167 
177  175 
112  169 

184  183 
181 180 
181  180 
177  175 
193  193 
nc 189 
nc . 187 
nc 182 

192 191 
188  187 
1 81 1 80 
198  198 

197  196 
104 1 E3 
206  206 

171 
171 
169 
173 

1 80 
175 
183 
177 

194 
nc 
nc 
1 84 
203 
nc 
nc 
nc 

nc 
nc 
1 89 
208 

nc 
192 
21 7 

168 
168 
1 66 
1 71 

171 
nc 
180 
174 

193 
nc 
nc 
nc 
nc 
nc 
nc 
nc 

nc 
nc 
nc 
nc 

nc 
nc 
nc 

163 
1 64 
1 62 
167 

173 
nc 
176 
1 70 

192 
nc 
nc 
nc 
nc 
nc 
nc 
nc 

nc 
nc 
nc 
nc 

nc 
nc 
nc 

(a) In each  option  code  the  initial  letter  refers to the rail  option, the  first  numeral to a  subdivision 
of  the  major  option  and  the  second  nuleral to the  year  in  which  uork  rohld  commence  (year 1 being 1975). 
The  options  are  explained  In  Table 5.2. (b) As in All, except  that  capacity  is  unchanged  from  present 
capacity  of 160,000 tons p.a. 

NOTE: nc = not  calculated. - 
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The  present  values of the  capital  components of these 
total  costs  are  tabulated  in  Table 6.2. The  table covers cspital 
costs  associated  with  ship  procurement  and  with  permanent way 
upgrading,  construction and rolling  stock  for the specified 
capacity of the  railway  lines.  The  apparent  discontinuity of the 
costs in traversing  through  a range of sea participation in the 
Pilbara  arises from the  'lumpiness' of ship  investment.  This  is 
due  to the following  increments in ship  investment as sea 
participation is  increased: 

.. 

Pilbara  sea  share 0% 40% 50% 60% 70% 80% 

Present  value of 
ship  investment 
attributable  to 
Pilbara $m 0.0 10.0 10.4 16.1 16.6 113.6 

Thus, the  increase  in  sea  share from 60% to 80% can be 
accommodated  with  only a small  increase  in  ship  investment. 

Table 6.2 gives an indication of the  relative  magnitude 
of investment  as  between  predominantly  ship  options  and majoz. 
railway  construction  options, C, D and E. Generally,  there  would 
be little  to  choose  between  several  of  the  lower  cost sea and 
rail  options  in  terms of either  total  cost  (Table 6.11 0x7 

capital. 

Table 6.3 presents  the  total transpoxlt resource cost 
(discounted  at 7%) arising  from  the  'super-forecast' for a 
limited, but representative,  range of options.  These results 
indicate  a  clear  advantage for the higher  capacity C options  over 
the A or B options  (upgrading  existing lines). Some of the  major 
standard  gauge options, D and E, also  have  lower  costs. 
Reference to Table 6.1 shows  that  ship  participation to the 
Pilbara  at  these  higher  levels  of  railway  investment  leads to 
higher  costs.  Thus  ships to the  Pilbara  were  omitted  from  the 
options  considered in this  preliminary  examination of the  'super- 
forecast'. 
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TABLE 6.3 - PRESENT VALUE OF TOTAL TRANSPORT RESOURCE COST ARISING FROM ENHANCED  REQUIREMENT GENERATED BY 
PROPOSE2 PILBARA INDUSTRIAL COMPLEX, DISCOUNTED A T  78 

AD1 (c) 
AI 1 
AI 4 

B1 4 
B 21 
B24 

c22 
C2 3 
c24 
c 31 
C 32 
c 33 
C 34 

D22 
023 
024 
D 31 

263 
259 
260 

258 
255 
255 

249 
255 
2 51 
2 37 
nc 
nc 
nc 

255 
261 
256 
240 

262 
259 
260 

25: 
25: 
256 

249 
255 
251 
2 36 
2 39 
249 
243 

E56 
2 El 
256 
241 

NOTE: nc = not  calculated - 
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Furthermore,  the  evaluation  model  postulated a range of 

railway  capacities up to 750,000 tons  per annum, consistent wi-?-h 
the  maximum  tonnages  anticipated for the  medium forecast. 
However,  the  Pilhara  Industrial'  Complex  proposals  increase  annual 
freight by 400,000 tons.  The model, in  keeping  to  the  rail 
capacity  constraint,  allocates  excess  tonnage to road, at higher 

i cost.  However,  the  postulated rail capacities  are  well bel.ow the 
ultimate  carrying  capacity of the  track.  Thus,  addi-tional 
tonnages  could  be  handled  by  merely  acq,uiring.  additional rolling 
stock  and  terminal  facilieies.  The  costs  shown  in  Table 6.3 are 

~ therefore  overstated for the  higher  capacity rail options. Thus, 
differences  between  the  'all  land' and 'ships  to the Kimberley' 
cases  are  understated. 

l The  analysis  was  repeated  for a higher  discount rate of 
10%. The  present  value of total  costs  are  shown in Tables 6.4 
and 6.6, using the same  nomenclature  as  before.  The  general 
comments  relating  to 7% discount  apply  here  also.  The 
corresponding  present'  values of the  capital  investments  are 
listed in Table 6.5. The  relativitv  of  the  present  values of 

I ship  and  railway  capital  costs  is  little  changed  from  those 
corresponding to the  lower 7% discount  rate. 

l 

6.3 CONCLUSIONS 

A major  finding  of  the  study  is  that in terms  of  total 
community  cost  the  construction  of a standard  gauge  railway to 
the  north  west  is a no  more  expensive  way of meeting  the 
transport  needs of this region than  using ships or land  transport 
based on lower  levels  of  railwav  development. @ne  should he 

~ clear on what  this  means.  First, it means  that  the  higher 

capital  outlays in building  higher  capacity  standard  gauze 
railway  are  almost  exactly  offset by the  higher  recurrent  costs 
of ship arid road  transport. 

Second, it means that, for virtually  the  same price, the 
community  can  have a major rail transport facility, providing 
good service and offering  ample  capacity for expanded  needs. The 



merit  cf  the  standard  gauge  railway  solutior,, if theFe is a 

substantial  increase in the  transport task, is readilv seer! in 
Tables  6.3  and  6.6  where  standard  gauge  railwav  options C31 and 
D31 show  up  as  the  least cost ways of coping  with  the  projected 
needs of a  greatly  expanded  industrial  complex  in  the  Pilbara. 

Other  possibi1,ities  associated  with  the ‘super-forecast’ 
(but  not  dealt  with)  would be jackloadin?? of products  such as 

caustic  soda  and  ethylene  aichloride  to  southern  markets  and 
forward  loading  of  raw  materials  from  the .“iurchison such 3s 
copper/zinc  concentrates, nickel, yellow-cake and magnetite foz~ 
processing  at  Dampier.  These  forward  loadings  could amourit to 
more  than 2 million  tons  per  year  and  the  backloadings  to  about 3. 
million  tons  per  year. 

However,  the  two  options C and D still rema_i.n 
relatively  favouraSle  alternatives  if  the  transport  task tc. the 
Pilbara  does  not  exceed  the medim projections.  Table 6.1 ShOb7S 
that, under  these  circumstances,  cptions C31 and D31 are on117 Srl; 
and 8% respectively  higher in cost, than the  least cost 
alternative, at a discount  rate ~f 7%. Furthermore,  there 1.:; 
another  Meekatharra-Mt  Newman  alternative, C24, which  costs less 
than 1%’ more. 

To some  extent it  is  possible  to  further  discriainate 
between  these  alternatives by a consideration  of  other  costs  and 
benefits.  One has already  been  mentioned,  capacity  to  perform  a 
greater  transport  task.  Others are associated  with  the  fact  that 
the  study  has  been  carried  out  on the assumption  that  there is a 
fixed  transport  task  and  that  one  way  of  performing  this is as 
good as  another. For instance,  a  daily  service by road or rail 
and a weekly service by ship were assumed  to  be of equal  merit. 
Thus, we have  the  following  factors to consider: 

capacity  for a greater  transport task 
frequency  of  service 
door  to  door  transit  time. 



An infrequent service entails higher inventory costs 
because  merchants in the Pilbara would have to keep larger stocks 
if the service were weekly, fo?? example, instead of daily. There 
is also  an  added benefit from the ability to obtain spare parts 
or replacements at short notice when there is a'frequent service. 
Obviously sea transp-ort  would  be  less favourable in this respect, 
bEt there  would  be  little or no difference between service by 
road and service by rail. In fact, only a little weight can  be 
given to difference in service frequency for urgent consignments 
because there would  be  some  road service to the Pilbara in any 
case e 

It is a combination of higher door-to-door transit time 
and lower  frequency that is unfavourable to sea transport, 
Average  elapsed time by this  mode to the Pilbara is estimated to 
be 7 days  against 4 days by road or rail.  Assuming a weekly 
service for sea and 2 day frequency for land, and  an average 
value of $1,000 per ton for general cargo and  an inventory 
carrying  cost of, say, 15% p.a., leads to an increased present 
value  cost of about $3 million over the study period, discounted 
at 7%) for  a 50% sea modal  share. 

If one  accepts that, on balance, a  standard gauge link 
is the best choice, then a sea service to the Pilbara becomes 
redundant. Maintenance of shipping to  the Kimberley is not so 
clear cut. For simplicity, the study  assumed that stopping the 
service would  lead to immediate sale of the present fleet for 
$4.5 million and instantaneous saving of the whole WASSS payroll. 
If these  could  not  be  attained  in practice, retention of the 
service to the  Kimberley  would then be  clearly  justified. 

Although  a  wide range of rail options has been covered 
in this report, other options exist which may  be serious 
contenders, particularly  if  examined  in conjunction with mineral 
prospects of adjacent  areas. For example, a  standard  gauge 
extension from Leonora to Mt Keith  (nickel) may create conditions 
which are more favourable to a further extension of the standard 
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gauge to Mt Newman than to closing the Meekatharra - Mt Newman 
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TABLE 6.4 - PRESENT V A L U E  OF TOTAL TRANSPORT RES~URCE COSTS, DISCOUNTED AT 10% 
(t million) 

Rai 1 A 1  1 Sea  participation 
option land 
(a) Sea  share  of  Kimberley  traffic  (held  constant  at 80%) @sea share  of  Pilbara 

0% 410%  50% 60%  70% 00% 

traffic at: , ” 

AOl(b) 130 1 32 1 34 1 31 1 37  134 1 30 
A1 1 128 1 37 133 1 31 1 37 1 35 1 32 
A1 4 126  129 1 31 128 1 35 1 32  129 

B1 4 129 1 31 1 35 1 33 140 nc  nc 
B21 1 33 1 37 143 142 149 147 144 
B24  129 133 1 37 135 142 140 1 37 

c 22 
C23 
C24 
C 31 
C 32 
c33 
c 34 
D22 
D24 
D 31 

El 4 
E21 

1 34 1 3 9  
1 35 140 
1 31 1 35 
143 1 51 
140  147 
141  147 
1 35  141 

140  146 
1 35 140 
147 155 

1 31 142 
155  163 

1 50 
149 
144 
163 
nc 
nc 
nc 

157 
149 
168 

1 51 
176 

1 50 
148 
143 
163’ 
158 
155 
149 

1 56 
148 
168 

1 51 
176 

nc 
nc 
1 51 
172 
nc 
nc 
tlC 

nc 
1 56 
177 

1 59 
186 

nc 
nc 
nc 
nc 
nc 
nc 
nc 

nc 
nc 
nc 

nc 
nc 

nc 
nc 
nc 
nc 
nc 
nc 
nc 

nc 
nc 
nc 

nc 
nc 

(a) In each  option  code  the  initial  letter  refers  to  the  rail  option,  the  first  numeral  to  a  subdivision 
of the  major  option  and  the  second  numeral  to  the  year  in  which  work  would  commence  (year 1 being 1975). 
The  options  are  explained  in  Table 5.2. (b) As in All, except  that  capacity  is  unchanged  from  present 
capacity  of 160,000 tons p.a. 

5 nc = not  calculated. 
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CAPITAL INVESTMENT I N  TRANSPORT FACILITIES, DISCOUNTED AT,m 
!$ million; 

Rai l A l l  Sea  participation 
opt i on 1 and 
ia)  Sea  share of Kimberley  traffic  (held  constant  at 80%) plus sea  share of  Pilbara 

traffic at: 

S% 401 50%  60% 7 0% 80% 

A01 (b) 
A1 1 
A1 4 

E1 4 
B21 
B24 

c22 
C23 
C24 
C31 
C32 
c 33 
C 34 

D22 
D24 
D31 

E l  4 
E21 

6 
8 
5 

12 
22 
14 

37 
32 
28 
53 
46 
40 
35 

44 
33 
58 

36 
68 

19 
21 
18 

25 
35 
27 

50 
45 
41 
65 
59 
53 
47 

57 
46 
71 

49 
80 

28 
30 
27 

34 
43 
36 

59 
54 
50 
74 
nc 
nc 
nc 

66 
55 
80 

58 
89 

2: 
31 
27 

34 
44 
36 

60 
55 
50 
75 

62 
57 

67 
5: 
60 

59 
90 

sa 

34 
36 
33 

40 
49 
42 

nc 
nc 
56 
80 
nc 
nc 
nc 

nc 
61 
86 

64 
95 

34 
37 
33 

nc 
50 
42 

QC 
nc 
nc 
nc 
nc 
nc 
nc 

nc 
nc 
nc 

nc 
nc 

34 
37 
33 

nc 
50 
42 

nc 
nc 
nc 
rlG 
nc 
nc 
nc 

nc 
nc 
nc 

nc 
nc 

(a) In each  option  code  the  initial  letter  refers  to  the  rail  option,  the  first  numeral to a  subdivision 
of the  major  option  and  the  second  numeral  to  the  year  in  which  work  would  commence  (year 1 being 1975). 
The  options  are  explained in Table 5.2; (b) As in All, except  that  capacity  is  unchanged  from  present 
capacity of 160,000 tons p.a. 

- NOTE: nc = not  calculated 
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TA~L'': 6 6 - PRESENT v N J E  OF TOTAL TRANSPORT RESOURCE  COST ARISING FROM ENHANCED REQUIREMENT GENERATED B Y  
PROPOSED PiLBAhA IN3ilSTRIAL COMPLEX, DISCOUNTED AT 10% 
-I- 

Rai 1 A ?  1 
opt i on 1 and 
(, " I 

Sea  participation 

Kimberley  traffic  only  (held  constant  at 80%) (b) 

B1 4 
R21 
824 

c22 
C23 
C24 
C31 
C 32 
c 33 
c 34 
022 
D23 
D24 
D 31 

El 4 
E 21 

204 
2 01 
2 00 

201 
201 
199 

200 
204 
200 
195 
nc 
nc 
nc 

207 
21 0 
204 
198 

207 
205 

206 
204 
203 

204 
205 
203 

2 04 
207 
203 
198 
198 
204 
199 

21 0 
21 3 
207 
202 

21 0 
209 

(a) In each  option  code  the  initial  letter  refers  to  the  rail  option,  the  first  numeral  to  a  subdivision 
of  the  major  option  and  the  second  numeral  to  the  year in which work would commence  (year 1 being 1975). 
The  options  are  explained  in  Table 5.2. (b) No sea  participation to Pllbara.  (c) As in A l l ,  except 
that  capacity is unchanged  fro#  present  capacity of 160,000 tons p.a. 

- NOTE: nc = not calculated 



THE PILBARA DEVELOPMENT CONCEPT 

The WA Government's proposal for the  development of the 
Uilbara Industrial  Complex  gives  rise  to  projected  natural  gas 
production  and  industries  in  the  Dampier/Wickham  area  which  are 
summarised in the  following  paragraphs. 

A. 1 NATURAL GAS 

The lynch  pin of s5e Conplex is  the  North  West  Shelf 
natural gas. It  would  be used for : 

power  generation 
. process  heat 
. feedstock  (ethane) for ethylene  dichloride  production. 

Developers  of  North  West Shelf gas have announced  tentative  plans 
to establish a 1,000 million  cubic  feet  per  day  project.  This 
would involve  offshore  production  platforms,  one or mere under:s.-a 
pipelines and an onshore  processing  plant  to  yield liquefied 
natural gas, liquefied  ethane  and  condensate.  The  venture is 
expected to proceed  regardless of whether  the  Pilbara  Ind,,Lstrial 
Complex  goes  ahead. 

Onshore gas sales to the  Complex would require  an 
increase in  production, lifticg daily  through2ut  to  about 1,600 
million  cubic  feet. For; a 25 year project  life, total proven 
reserves would have  to exceed 15 trillion  cubic  feet. There are 
very  encouraging  indications  that  econonically  recoverable 
reserves, considerably in excess of this level, will be 

established  in  the  near fGxre. 
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A. 2 INDUSTRIES 

H.2.i Aluminium 

To achieve  low-cost  power at the initial development 
stage it will be necessary to introduce a large,  high load factor 
electricity  user. An aluminium smelter is  assumed to fill this 
role. 

A.2.2 Steel 

Both low-cost power arid a stable work force earning 
wages comparable to those elsewhere in Australia are  essential 
elements in the development  concept.  The aluminium smelter  does 
much to bring about low-cost power but a  viable new town 
development with a  population  exceeding 100,000 is required to 
achieve a stable work force. 

To sustain a new town development of this magnitude a 
large employment base  is ,required. A 'jumbo' steel plant  would 
provide the greater part of this  base. 

A, 2.3 Caustic Soda 

The  annual production of alumina in Australia is 
expected to be greater than 13 million tons by 1980, requiring 
for its processjlng more than a million  tons of caustic soda 
annually, Virtually all of Australia's supplies are  now 
imported. Bulk salt is already manufactured at Dampier by solar 
evaporation of sea water and caustic soda is obtained by 
electrolysis of salt, so the  only requirement to make Australia 
self-sufficient in caustic soda is low-cost  electricity. 
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A.2.4 Ethylene Dichl.or:ide 

The  two  essential raw materials  for  ethylene  dichloride 
manufacture  will  be  available at the  Complex,  namely,  co-product 
chlorine  from  caustic  soda  manufacture and by-product  ethane from 
liquefied natulqal gas  production.  Ethane  would  be  'cracked'  to 
form  ethylene  which  would  then  be  reacted  with  chlorine to 
produce  ethylene  dic3loride (EDC), a basic  requirement  in  the 
plastics  industry. 

A.2.5 Uranium  Enrichment 

World  uranium  enrichment  capacity  is now in surplus but 
a substantial  shortfall is expected  in  the  near  future.  This 
will  require a massive  investment  to  keep  pace  with  the 
accelerated  global  demand  anticipated  during  the 1980's. Low- 
cost  power  is  usually  the  Ehief  site  choice  criterion. The 
uranium  'yellow-cake' raw material for enrichment  is  available in 
Western  Australia  and in the  Northern  Territory. 

A.2.6 Iron Ore  Pellets 

Natural  gas is expected to benefit  iron  ore  pellet 
producers  because it is an  ideal  fuel  for  the  indurating, or 
hardening,  step.  Roughly 1,000 cubic  feet  of gas would be 
required  to  indurate  each  ton of pellets.  In  addition, 
pelletising is a moderately  heavy  power  user.  Pellets  are 
manufactured from fines or limonite and have  an  iron  content of 
about 64% as  shipped,  thus  raising  the  export  value of the 
product.  Metalgised  agglomerates  result  from  another  secondary 
processing of iron  ore  which  yields  material  containing  about 94% 
iron for  feed  in  the  electric  furnace  production  of  steel. 

A.2.7 Special  Alloy  Steels  (Ferro-Manganese) 

Two additional  concomitants of the  steel  industry are 

proposed for inclusion in  the  Complex.  Manganese  ore  exports 
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are planned  from  the Pilbara and extensive manganiferous iron ore 
' exists  in the Region, The  availability of these ores coupled 

i with low-cost power should enable competitively priced  ferro- i manganese to be produced and a 200,000 tons per year plant is 

i 

assumed. 

A.2.8 Service Industries 

The Pilbara Industrial Complex  would  inevitably  caus,e a 
wide  variety of service industries to be set up in the Region. A 
few of the 

. 

. 
* 

more noteworthy examples are: 

machine shops 
foundries 
refractory brick production 
carbon anode production 
process controls and instrumentation 
ship  repair and servicing, 

l The  steel industry alone would generate a great  many 

supporting servi,.ce  industr15es  in addition to those  hi.ghligkted 
here. 



POPULATI'ON 'PROJECTIONS 

Population  projections  were  required for tFie Pilbara, 
Kimberley,  Darwin  and  the  area  of  influence of the  Darwin port. 
Primary  sources for these  projections  were : 

'Pilbara  Regional  Development  Study'  May 1971 'by 

Maunsell  and  Partners  Pty Ltd. 

'Report on Development of Port and Harbour 
Facilities  Darwin'  January 1969 by the  same 
consultants. 

'Development of Capital  Expenditure  Evaluation for 
the WA Coastal  Shipping  Commission' 1970 by PA 
Management  Consultants. 

'The  Pilbara - A Development  Concept'  Department of 
Sevelopment  and  Decentralization - WA 1972. 

Substantial  modifications  were  based on infornation 
provided  by the Department of National  Development, the 
Department of Interior and the WA Department  of  Development and 
Decentralization. 

B.l THE PILBARA 

In making  their  Pilbara  populaticn  projection,  Naunsell 
and Partners  assumed  specific  data  and  applied it to the port 
towns and to the  mining  towns.  Basic  factors  included  the  hours 
worked,  efficiencv,  the  percentage of married  workers  and the 
number of temporary  workers. For each  Dort  town  assumptions  were 
also made  concerning the total  ore  handled  per  year as a result 
of ore  production at the  mines,  and of production of pellets  and 
metallised  agglomerates,  other  primary  workers, and a  populati:>n 
adjustment.  These  assumptions were also modified by a  delay of 



production  in 1980 together with ,a corresponding  shift in 
secondary  processing. A further  assumption was the  doubling of 
the rate of  the  highly  labour-intensive  metallized  agglomerates 
production  at  ports  from 1980. The  alternative  production 
schedules  corresponding  to  these  assumptions  are  shown in Table 
4.1 of the  study. 

Using  these  assumptions  the BTE calculated,  in  the  first 
instance,  five  yedr  population  projections on a low,  medium, 
and high  basis  for  centres in the  Pilbara.  These  figures  were 
also  adjusted to examine  the  effect of long  term  development 
centred on Port  Hedland or Dampier/  Wickham.  In  the  event,  the 
latter  adjustment  proved to have  relatively  minor  effect and was 
subsequently  dropped  from  the  study.  'The  Pilbara - A Development 
Concept',,which favoured the Darnpier area, introduced  factors 
which were.much more  significant  (see  Annex A). 

A  paper on the  application of Maunsell  and  Partners' 
methods  to  the  changed  assumptions  was  circulated to the 
Department  of  National  Development  and to the  Department of 
Development  and  Decentralization WA. Following  discussion on 
this  paper,  agreement  was  reached  that  the  population  projections 
in Table B.l for the  Pilbara  would be a  suitable  basis for the 
study. 

B.2 THE KIMBERLEY 

We  consulted  with  the WA Department of Development  and 
Decentralization and agreed  that  population  figures  which  they 
had  provided  to  the  PA  Management  Consultarits fob the  years 1975 
and 1985 for the  Kimberley  would  serve as a  basis far the BTE 
projection.  To  establish low, medium and high  figures 
comparable to Pilbara  projections  it was agreed  that the 
relationships  between PA's total  figures for optimistic, 
realistic  and  pessimistic  would  stand.  Some  minor  changes were 
also incorporat,ed.  The  adjusted  projection as at  July 1972 is 



lABLE B.l - PILBARA POPULATION PROJECTIONS 

(Number) 

Year  Projections 
~ ~ ~~ 

Low Medium Low Medium Lou itedi um 

Dampier,  Karratha,  Wickham,Cape  Lambert  Fort  Hedland 
Legendre l sland 

1975  10,650  10,650 6,550 5,550 12,400 12,400 
1980  14,100 21 , EO0 R, 350 9,450 14,100 22,300 
1985  22,050 27,150 l1 ,l 50 12,500 21,300 25,700 
1390 25,200 2S,E50 14,300 16,750 22,800 25,600 

Mt Tom Price  Paraburdoo  Koodaideri 

1975 3,100 00 2,050 2,050 

1990  4,000 4,000 4,000 4,003 3,100 2,! 00 

1980  3,100  ?,l 00 2,750  2,750 1,350 
1985 3,600 3,600  3,600 3,600 1,950 3,100 

Goldsvorthy  Shay  Gap  Packsaddle 

197:.  800 8OC 1,050 1,050 
1980 900 800 1,050 1,050 1,000 

1930  800 800 1,050 1,050 1,000 1,450 
1985  800 800 1,050 1,050 1,000 1 ,COG 

Mt Newman  Ophthalmia  Ahodes Ridge 

1975 3,800 3,300 
1980  3,800 3,900 2,050 1 , m  

4,000 4,000 2,100 3,100  1,000  1,000 
1990  4,400 4,400 3,100 3,100 1,000 1 ,occ 
1985 

McCamey's Monster  Wittenoom  Fannaronica 

1975  900 900 1,700 1 ,700 
1980 250 900 300 1,700 
1985 

2,300 
750  1,450  1,000  1,000 2,300 2,900 

1990  1,450  2,300  1,250  1,250  3,300  3,750 
~ ~~~ " 

- NOTE: Mt BrockRan  projection is for  a popula?ior;  of 1,000 persons in 1990 at  the  medium  range. 



- 
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l 
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~ shown  in  Table B.2, toge'kher with  the  scaling factors used to 
obtain  low,  nominal  and  high. 

~ 

l Subseq.uent discussion  with  the  Department of Development 

and Decentralization  in  August 1972 confirmed  that  the  Admiraltv 
Gulf project  should be deferred by ten  years. 
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TABLE B. 2 - KIMBERLEY POPULA’?I@Y PROJECTIONS AND SCALII 

(Nurrber 1 

Area  Projection 

1975  1985 

Yampi/Derby 
Balance  West  Kimberley 
Wyndham 
Kununurra 
Admiralty  Gulf 
Halls  Creek 
Baj.ance East  Kimberley 

3,000 5,500 

4,400 6,000 
2,700 4,000 
2,500 8,000 
3,000 3,300 
2 ;l00 2,500 
1,650 2,000 

Total 22,900 37,300 

- 
Scaling factclrs (a> 

- pessimistic (low) 0.796 S. 711 
- realistic ( rr.edium 1 1.000 1.0CJ 
- optimistic (high) 1.489 1.957 

(a)  Based on PA  totals. 

E. 3 DARWIN 

In  consultation  with the  Department of National 
Development  and  the  Department  of Interior we  agreed to use 
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projections as defined  in  the  Maunsell  Report with modifications 
provided  by the  Department of National  Development.  These 
modif'ications  took  into  account  the 1971 preliminary  census 

~ figures for Darwin. 

TABLE ~ . 3  - DARWIN AND AREA OF INFLUENCE POPULATIOPJ-PROJECTIONS 
(Number) 

Year  Darwin  Area of influence  (a) 

Medium  Low 

19 75 58,900 54 , 300 
19 80 96,600 79 , 800 
1985 145,300 111,900 
19 90 208,600 .149,700 

18,030 
22,090 
27,500 
34,280 

(a)  Katherine,  Uranium  Province,  Rural,  Aborigines. (b) Medium 
and low projections  coincide. 

B.4 INTERPOLATION  AND EXTRAPOLATION 

From  the  above  five-yearly  projections , annual 
population  projections for the  Pilbara,  Kimberley,  Darwin and 
Darwin's  area of influence  were  made for each of the intermediate 
years 1975 to  1990 by means of a four point  Lagrange 
interpolation,  Using  these  population  figures,  detailed 
forecasts of freight  demands and, consequently,  of  freight 
distribution could be computed,  These  annual  demands  formed the 
basis of the subsequent  evaluation of the options of both  the 
land  and  the  sea  modes. 



ANNEX C 
" 

PClPULATION-EASED FREIGHT 

C.l HOUSING 

In the  whole of Western  Australia,  the  average number of 
persons  per  dwelling is 3.52. Using  occupancy  figures from PA 
Management  Consultants' report, 'Development of Capital 
Expenditure  Evaluation for the WA Coastal  Shipping  ConnissLon' 
1970, the  number of residents per house for various port and 
mining  towns  was  derived.  These  are in Table C. 1. 

From  the  population  growth  per  year for each  centre (see 
Annex B), the  number of houses-Pequired per year was calculated 
by difference  methods. 

The  freight  component of new  houses  was  obtained f r m  
figcures supplied by building  contractoFs who had  been  er,gaged ir. 
major  contracts  in  both  the  Pilbara  and  Kimberley. Inclusive of 
storm  shutters,  slab and strLctura1  changes  necessary tc? 

withstand  cyclones , and  proportions  of  materials  necessiry for 
town  development,  the  weights of material  required  are  shown  in 
Table C. 2. 

One  experienced  builder  in  the  Kimberley  area  estimated 
that  the  freight for a four  bedroom  brick  house in !<unun3rra, 
built  to  best  metropolitan  building  standards,was about 63 tons. 
However,  he  stated  that  only 16 tons of materials go into a 
normal  house in the  Kimberley. In the  Pilbara %e building 
standards  adopted by the  mining  companies  are  high  and  structural 
changes  to  withstand  cyclones  are  necessary, so the BTE adopted 
50 tons  per house, inclusive of an allowance for conmcnitv 
facilities.  Use of this figure for the  Kimberley  could resillt in 
an  overestimate  in  terms of present  housing  standards. Flowever, 
the introduction of higher  building  standards  in  the Pilbara and 
Darwin  may  well  result in a  similar  demand  in  the  Kimberley, so 
50 tons  per  house has been  adopted to calculate the housin2 
tonnages for all  towns in Tables 5.3 and 5.4 of Chapter 5. 
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TA B L E  C.1 I PROJECTION OF AVERAGE NUMBER OF RESIDENTS PER HOUSE FOR CENTRES I N  T H E NORTH OF WESTERN  ALSTRALIA 

(Number) 

Centre  Year 

1975  1980  1905 1990 
_ _ _ ~ ~  ~ 

Damplsr,  Wlckhan,  Kunnunurra 4.5  4.3 4.0 3.7 

Fort  Hedland,  Darwln 3.5 3.4 3.2 3.0 

B r o o m  5.2 4.9 4.5 4 .l 

Derby,  Yampl 4.7 4.5 4.2 4.1 

Adalralty Gulf, Pannawonlca,  Mt  Brockman 4.0 3.0 3.5 3.4 

Ton  Price,  Paraburdoo,  Goldsworthy, 
Shay Gap, Koodalderl,  Packsaddle, 
Mt kwlan,  Ophthalnla,  Rhodes  Ridge, 
McCamey's 4.5 

W! t t  enoon 5.5 

4.0 

5.0 

3.5 

4.5 

3.2 

3.7 

Fitzroy  Crossing,  Wyndhan,  Other 
Kimberley 5.0 4.8 4.5 4.2 

Halls Creek 8.0 7.0 6.0 5.0 



TABLE C.2 - WEIGHT OF MATERIALS IN HOUSES AND ASSOC?P.TED SEAR%: OF 
COMMUNITY FACILITIES PER HOUSE 

"̂"_ 

Comp3nent  House  type 

Steel  frame  Timber  frame 

Common  materials 
Supply  and  fix  items 
Frame 
Slab 
Community  facilities 
Storm  fittings 

TOTAL 

13 
3 

3.9 
8 

2 
1 

13 
3 

26 
8 
2 
1 

46 53 
"" 

(a)  Frine  cost  items  and  air  conditioning. 

C.2 FURNITURE  AND  EFFECTS 

Carriage of furniture is  based  upon  volurnetric loadings 
expressed  at 40 cubic  feet Fer cubic  ton. .h interstate 
furniture  van  would  have a volume  capacity of about 40 c?LCic tons 
or two  complete  households of furniture.  However,  the  actual 
weight  of  fGrniture  carried by  the van  would  usually  be  less  than 
six  tons. 

Mining  companies  usually  supply  furnished cr partly 
furnished  houses.  Representative  data  in  Table C.3 on furniture 
and  on household goods which are moved with the average  itinerant 
working  family of two  adults  and  two  children  were prcvided by 
the  Department of Supply. 
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'TABLE C.3 - WEIGHT OF FURNITURE AND  EFFECTS OF AVERAGE  WORKING 
FAM I LY 

(Tons) 

- 
Item' Weight 

Robes  and  lounge suites 0.5 
Refrigerator, washing machine, 

i TV, mattresses 0.5 

Tea chests  of personal  effects 0.5 

~ 

Mining  companies  provided inventories of furniture which 
they  supplied in company  homes. Furniture life in  the climate of 
the area was stated to be about 10 years. With labour turnover 
at  less than twelve months for the initial phase of development 
of mining towns and assuming an average family of four the annual 
inwards  movement  of furniture and effects, exclusive of new 
furniture supplied  in  new company homes, is shown in  Table C.4. 



TABLE C.4 - FLJRNITURE AND EFFECTS  REQUIRED ANNUALLY 

Item 
Weight Weight 
per  family per  person 

Furniture  (replacement) 0.1 
Effects 0.5 

0.025 
0.125 

TOTAL 0.5 0.150 

C. 3 PERSONAL CONSUMPTION 

Earlier  studies of the logistic  support  for  the nor-th 
west  have  taken 5.3 to 5.5 tons  per  person  as a basis  for 
determining the freight  requirements of the Pilbara. 
Unfortunately, the analysts  have  not  defined  either  the 
commodity  range or the  units  (weight or cubic).  Because nuc:? of 
the subsequent  study  would  depend  upon it, BTE sczght to 

establish a consumption  figure.  It was observed that, if the 
original  estimate of 5.3 to 5.6 tons per capita  is  based on 40 
cubic  feet  per ton and  the  actual  density of logistic  support  is 
100 cubic  feet  per ton, then the per  person  per  annum  consumption 
reduces  to 2.1 to 2.2 tons  weight. 

BTE  field  work  included 3. survey of retail cutlets in 
the  Pilbara  and  Kimberley,  discussions  with major s'dp21iers of 

perishables,  beverages  and  dry  goods,  and  examination of 
manifests  of  some  major  freight  forwarders. !.le also established 
that the average der,sity  of logistic  suppopt for the  population 
was loci cubic  feet  per ton and that  domestic  consynptlcn 
including  consumption  of  beverages  varied  from  about  one gallcn 

per  person  per  week  to 2 gallons  per  person  per  week  in the north 
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west  dkpending  upon  whether  the  area  was  settled or still  in  the 
construction  phase. In the  latter  case  the  ratio of men to women 
was  high. 

Substituting  these  higher  beverage  consumption  rates for 
those in the  Bureau of Census  and  Statistics  Estimated  Quantity 
of  Foodstuffs and  Beverages  for  Consumption:  Australia 1967-68, 
and allowing 20-25% by  weight for packaging of food  and  groceries 
and 25% for beverages  (Table C.5)  and including  furniture  and 
effects  from  Table C.4, tha  annual  freight  requirement  per  person 
became 1.04 to 1.33 tons  weight.  These  figures  bracketed the 
figure of 1.2 tons  per  person  obtained by the  BTE  from  analysis 
of freight  manifests  and  population  for  mining  towns. 

In the  report  'Development of Port  and  Harbour 
Facilities - Darwin'  by  Maunsell and Partners, 1969, the  per 
person  consumption of food, beverages and  domestic  general  cargo 
including  medicines was shown to be 1.22 tons  per  annum. The 
reFort  also  allowed a per  person  consumption of 0,275 tons of 
building  materials ' and 0.5 tons of hardware  per  annum.  The BTE 
accepted 0.775 tons  per  annum for household  maintenance. 

Accordingly,  a  figure  of 2.0 tons  per  capita  per  annum 
was  adopted  for  forecasting  the  logistic  support of populations 
in the  Pilbara,  Kimberley  and  Darwin.  Steel,  machinery  and  motor 
vehicles  forecast  consumption  ranged  from 1.2 to 1.25 tons  per 
capita  per  annum  for  the  period 1975 - 1990. However,  these 
figures  were  included in the  Kimberley and Darwin  forecast as 
maintenance  tonnage  for  established  industry. 

(2.4 POPULATION-BASED  TONNAGES FOR PILBARA  INDUSTRIAL  COMPLEX 

As only  the  start  and  finish  estimates  of  population  were 
available, we assumed  a  logistic  S-shaped  growth  of  population 
and from  this  an  annual  differential  requirement for house 
construction. From the  population  projection  and  the  housing 
requirement  we  derived an estimate of 350,000 tons  freight 
required  per  vear  from  intrastate  sources. 



Commodi ty Quantity 

Food and Groceries (a) 

Milk and  milk products 
Meat (carcass equiv. weight) 
Poultry 
Eggs and egg products 
Fats and oils 
Sugar  syrups 
Pulse and nuts 
Fruit (fresh fruit equiv.) 
Vegetables 
Grain products 
Tea 
Coffee 
Packaging 

56.9 
211.4 
24.2 
27.9 
31  .2 

11 4.2 
1 1  .o 
186.7 
262.9 
190.0 

5 .l 
2.6 

21 0.0 

Total food and groceries and packaging 1,340.1 

Beveraqes( b) 

Wine, spirits and  beer 
Packaging 

Total beverages and packaging 

TOTAL FOOD, GROCERIES, BEVERAGES 

North West Australia 
Settled Developing 

520 1,040 
1 30 260 

650 1,300 

1,990 2, 640 

Sources: ( a )  Official Year Book of the Commonwealth of Australia, 1969. (Estimated Quantity of Foodstuffs 
and Beverages  Available  for  Consumption : Australia 1967-68) 

(b) BTE survey  of personal consumption of beverages in the Pilbara 



INDUSTRY-BASED  FREIGHT 

D. 1 CONSTRUCTION  REQUIREMENTS 

Net of housing.  and  logistic  tonnages,  the  tonnage 
associated  with  the  construction of mine and  port  facilitizs 
varies  with  the  mine  output,  the  extent  of  refining  of  ores  at 
the  port  and  the  length of the  interconnecting  rail.  The  tonnage 
generated  can  be  delivered  direct from overseas  to  the port, 
direct from interstate  ports,  by  intrastate  shipping  and by land. 
Mine  output is expressed  in  millions  of  tons of ore  per  annum 
(MTPA) . 

Discussions  with  project  officers  at  construction 
companies and supply  officers  with  the  mining  companies  indicated 
that  about 60% of  the  freight for construction  is  delivered by 
land  and  intrastate  shipping.  It  is  this  component  only  which  is 
the  concern  of  the  study. 

Further  analysis of construction  tonnage for several 
mines  resulted in an estimate  of 5,000 tons  of  construction per 
million  tons of production  per  annum.  While  the  construction 
period  for a mine  may  spread  over  three years, the major 
deliveries  from  overseas  usually  take  place  within a period of 
about  one  year.  Accordingly,  we  spread  the  remaining 60% of 
construction  freight  over  the  three  year  construction  psriod. 
Also, in view  of  the  uncertainty  as  to  the  actual  start date for 
a sequence of new  mine  construction  projects,  we  further  assumed 
that  the  intrastate  construction  tonnage for each  project  should 
be  spread  over a five year period. Thus, while  the  aggyegate 
over  several  years  would be representative,  in any  one year. our 
estimate  may  fall  somewhat  short  of  the  intrastate  peak  for  that 
year. 

On  the  basis  of the above  assumptions,  the  intrastate 
component  of  construction  freight  requirement  of 3,000 tons  per 
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MTPA of ore  was  assumed  and, this'was apportioned  in  the  ratio of 
2: 1 between  the  port and mine  giving : 

Port: 2,000 tons  per  MTPA 

Mine: 1,000 tons  per  MTPA. 

D.2 EXPLOSIVES AND MAINTENANCE  STORES 

Mining  companies  confirmed  that  the  annual  consumption 
of ammonium  nitrate  was : 

~ Mine.: 800 tons per  MTPA. 

Maintenance  records  were  made  available and from these 
we assessed  that  the  annual  requirements for maintenance  stores 

l were at the  rates of: 

Port: 200 tons  per MTPA 

Mine: 300 tons  per MTPA. 

D. 3 CONSTRUCTION  TONNAGES:  PILBARA  INDUSTRIAL COMPLEX 

At  this  early  stage of the  proposal it was  not  possible 
to obtain  substantive  estimates of the  construction  tonnage to 
develcp ' the  above  industries  at  Dampier/Wickham.  On  the 
assumptions  that  each  industry  would  absorb 150,000 tons of 
construction  materials  and  that  construction  would  proceed  at a 
reasonably uniform  rate  throughout  the  period, we adopted a 
construction  tonnage  demand of 100,000 tons  per  annum  for  thB 
area.  Of  this 50,000 tons  was  assumed to come from overseas 
sources. 



ANMEX E 

E.l 

SHIPS FOR THE WES? AUSTRALIAN COASTAL TRADE - 
INTRODUCTIqN 

This  Annex is a summary of an investigation  undertaken 
by the  Shipbuilding  Division of the  Department of Transport of a 
variety of ship  types,  covering a range of sizes  and  speeds,  to 
meet the future  requirements of trading  on  the  West  Australian 
coast. 

In  order  to  determine  the  most  effective  type and size 
of ships  which mig?*t  be employed on the  West  Australian coastal 
trade, it has  been  necessary to develop  special  techniques  to 
drovide  indicative cost estimates  and  outline  technical  data for 
a wide range of possible  solutions. 

The  range of alternative  proposals  considered is set cut 
in the  following  specification : 

Ship  types : 

- unit  load 
- container 
- roll on/roll off 
- LASH. 

Size range for each type: 

- 5,000 to 8,000 tons  deadweight. 

Speed range for each  type: 

- 16 to 22 knots. 
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E. 1.1 Cargo Density 

The stowage rate break-point in the present WASSS scale 
of changes at which cubic ddtermines the  charge is 40 cubic feet 
per ton.  Most of the cargo has a stowage rate in the  range 80- 

100 cubic  feet  per ton. A range of stowage rat'es was therefore 
examined. A 'rate  of 80 cubic feet per ton was found to be the 
maximum possible, compatible  with  ship stability criteria. 

E. 1.2 Operating Sc.heGule 

, '  

The ships would  be  required to operate from Fremantle to 
the  following  ports : 

Dampier 
Port Hedland 
Broome 
Wyndham 

. Darwin. 

E.1.3 Dimensions 

Standard naval architecture procedures  provide for 
interdependence between the  main parameters: 

length/beam ratio 
depth 
draught 

. hull form. 

The only restriction imposed  was  a draught restriction of 23 

feet, dictated by.harbour depths at Dampier and Wyndham. 

E. 1.4 Range 

The proposals developed allow for a round trip, 
Fremantle -Darwin - Fremantle.  Assessment  of oil fuel  has  been 



made  on  this  basis,  with  due  allowances for 'in POP'C' opej?at?'.CjrlS. 
It  has  been  assumed  that  fresh  water  distillers will be ft.::-l-ed, 
and  only  limited  fresh  water  capacity  is , therefore, provided. 

E. 1.5 Cargo  Gear 

fill F;roposals incorpcrate  what  hzs  been  assessed to be 
an adequate and comprehensive range of cargo  handling 'equipment 
to facilitate rz-pid haxdling of cargo and turn-round  in  ports. 
No allowance  has  been  made for handling  cargo by shore 
facilities. 

E. 1.6 Machinery  and  Auxiliaries 

For the  current  investigation  the  main  machinery 
installation  has  been  based  on  the  use of medium-speed ciiesels 
throughout.  Single  screw  propulsion  has  been  asscme? for all 
ship types, except  the roll on/roll. off for which, due to the 
nature  of  their  operations,  twin-screw  machinery is ccnsidered 
more  feasible. 

Adequate  electrical  generating  plant is provided-, a.iso 
bow  thrusters to facilitate  manoeuvring in port, for all. 
alternatives. 

E. 1.7 Technical 

The  investigation  mad2  allowances for preliminary 
consideration  of  all  main  technical  aspects,  such as freeboard, 
weight  ectimation,  cubic  capacity and  stability. 

E. 1.8 Manning 

The  manning  for  each  alternative has been  assessed  on 
current  practices  operating  on the Australian  coast.  Allowance 
has  been  made for such  aspects  as  unmanned  engine room, 
automation  of  cargo  gear and mooring  equipment. 
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E.1.9 Gross Tonnage 

On  the  basis  that  this  is  intended to provide d 

comparative  measure of size, the gross tonnage  figures have been 
assessed on a  uniform  basis,  essentially  related to the  enclosed 
cubic  capacity of .Ithe various  proposals. 

E. 2 GENERAL APPROACH 

, For each of tge  specifieb ship types  enumerated in 
section E.1 , a  computer  program  was developed  such  that  an 

~ estimate of the  construction  cost  and of those  operating  costs 
directly  related to the ship  cculd be provided. The computer 
programme  provided for the  followirig  essential  alternatives for. 
each  ship  type : 

? cargo  weight 
cargo  stowage rate 

9 service  speed. 

The basic  technique  employed was based on that  developed 
by Fisher  and  Benford,  related to computer-aided  ship  design. 
Some 05 their  relationshi,ps  had to be revised to take  account of 
recent  Australian  shipbuilding  experl 1 errce. 

ConstrucTion  cost  estimates  were  based  on  lnformation 
available for ships  recently  built or at pr7esent being  built  in 
Australian  shipyards. 

Operating  cost  estimates  werk  based  on  data  supplied  by 
the  West  Australian  State  Shipping  Service  and the Australian 
!Yational  Line. 

The next four sections  summarise  the  main  results of the 
analyses of the four ship  types. 



E.3 UNIT LOAD SHIPS 

These can be  descrlibed  as modern, g3ne~al px-pose 
vessels,  with  s2ecial consideration being  given tc the  p-ovision 
of large  hatchways and comprehensive  range of cargo  handling geap 
(cranes) to facilitate  loading m d  discharge of cargo. 

Their  advantage  lies i.n their  ability to handle a wide 
range of cargoes,  including  packaged,  palletised or containerised 
forms, 3ut not -restricted to these. The  ships can also, by 
operation of two dr more  cranes in unison, handle larger  units 
such as IS0 containers.  This  2rovides for a wide range in size 
of units  which  can be readily handled, 

Disadvantages  include  less rjapid turn-round 2.n port as 
corr.pared with  other  ship types, also  additional  labour i;l stowage 
of cargoes  and  the  additional  upkeep of a larger  number of items 
of cargo handling  gear. 

Table  E.1  summarises  the  principal  characteristics and 
indicative  costs 9f alternative sizes of unit load ships, L3n,:j 
Fi,gure E.l illustrates a typical  layout of the  type of cesse; 

considered. 
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TABLE E.1 - _ U N I T  LOAD SIiIPS - SINGLE SCREW OIFSEL 

- 
Cargo weigtt (tons) "- - 

4920  6396 'ld72 

Service speed (knots) Service speed (knots) Service speed (knots) 

14 17 20 14 17 20 14  17  20 

" 

" 

Dimensions 

- length (BP) ft 327 360 376 353 386 425 376 409 441 
- breadth, MLD ft 58 62 65 62 65 65 65 69 72 - depth, MLD ft 31 33 36 34 36 36 36 39 41 - draught ft 19 21 23 20 22 23 21 23 23 

Cargo 
- stowage rate cu.ft/ton 80 80 80 80 60 80  80  80 80 
- no. of 124 ton  cranes 4 4 4 5' 5 5 5 5 5 

Power hp 4,960  9,000  15,010  5,490  10,050  16,480  6,160  10,990  18,360 

Fuel Rates 
- main engine tons/day 16.7 29.5 49.2 18.7 32.5 54.1 20.7 36.4 60.0 
- auxiliaries (a)  (at sea) t o d d a y  3.8 4.3 4.9 3.9 4.4 5.1 4.0 4.5 5.3 

(in port) tonsjday 6.4 6.4 6.4 6.4 6.4 6.4 '6.4 6.4 6.4 

Gross tonnage 5,904  5,904  5,904  7,380  7,380  7,380  8,856  8,856  8,856 

Construction cost (variable as 
at end of 1972) Sm 6.6  7.4  8.4  7.2  8.2  9.6  7.9 8.8 10.3 

Compl ement 30 31  32  30  31  32 31 32  33 

(a) Auxiliaries consumption rates above are on basis of independent alternators (i.e. no engine  driven  alternators) 
and include an allowance for carriage of aboJt 100 - 20 ft Is0 refrig. containers. This is equivalent to 
auxi 1 iaries consunptions of about 1 ton/day at sea and 3 tons/day in  port. 

- 
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E.4 CONTAINER SHIPS 

A cellular container ship is designed essentially for 
the special purpose of carrying cmgo pre2acked i.n containers of 
utiform dirnensions. In the curlrent  desi,gn study the IS0 20ft X 
8ft X 8ft size of container has been taken as the modular unit. 
For1 structural and hydrodynamic reasons,  the best cargo 
utilisation is  achieved at or about amidships, and decreases at 
both  ends of the  ship. For this reason, No. 1 hold  at the fore 
end of the ship is  not suitable for stowage of containers and is 
therefore available for. carriage of a  limited amount of general 
cargo. To facilitate rapid loading  and disch-lrge of containeyb 
cargoes, the  design provides for two gantry cranes of about 22 
tons lifting  capacity. The forward crane is provided with an 
overhead travelling crane of up to 10 'tons capacity. to handle 
general cargoes  in No. 1 hold. 

The principal advantage of the cellular  container ship 
is it5  ability to rapidly handle a restricted number of uniform 
container units, leading to fast 'turn-round times in  port. 
ensure  best utilisation of such  ships it  is necessary to obtain 
the best possible stowage of container units and also to provide 
rapid transportation facilities ashore. An additional advantage 
is, of course, the  reduced personnel required for cargo  handling 
cperations as far as the ship is concerned. 

m 
1 0  

 the main disadvantages are the restriction in cargo unit 
to essentially one size and the ,increased first cost of ship 
(including provision of containers). 

Table E.2 surrmarises the principal chamcteristics and 
irzdicati.ve costs of alternative sizes of cellular container 
ships, and Figure E.2 illustrates a typical layout of the type of 

~ 

~ 

i 
l 
l vessel considered. 

Although the  ship type described above  had some capacity 
for non-containerised cargo (in No. 1 hold - Figure F.21, it 



trlanspired that this would be insufficient foi? the estimated 
mount of this izargo over the  time  frane  of  the  study (Anrzex !:I). 
A ’hybrid’ containe?  shi? was therefore  postulstei haxling the 
same gener7al characteristics as the  cellular  container  ships 
specified .in Table E. 2 except  that  about  one-third of the carzc 
capacity  would be available for genera.1 cargo ar,d that add.iti13nal 
cTanes  would  be  provided -0 handle. this cargo.  It was assuned 
that  these  changes wo1.11d ~ e s u l t  in an additioncjl. constnucticn 
cost of $0.2 million per ship. 
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TABLE E.2 -CELLULAH  CONTAINER SHIPS - SINGLE  SCREW DIESEL 

Cargo  weight  (tons) 

4920 6 396  7872 

Service  spend  (knots)  Service  speed  (knots)  Service  speed  (knots) 

14  17  20 14 17 20  14  17 20 

Dimensions 

- length (BP) - breadth, MLD - depth, MLD - draught 

Cargo 

- No. of 20' IS0 
containers - Cubic  stowage in c 

ft 425 438 454 
ft 72 72 75 
ft 43 43 43 
ft 22 23 23 

418  418  418 
ontai  ners 

(72 tons/container)  cu  ftlton 85  85  85 

Power  hp 4,960  9,510  16,080 

Fuel  Rates 

- Main  engines  tons/day 16.7  31.5  53.1 - Auxiliaries (a) (at  sea)  tons/day 3.8  4.4 ' 5 1 
(in  port)  tondday 6.9  6.9  6.9 

Gross tonnage 10,eop 10,800  10,800 

Containbr  Stowage 

- No, of  rows  across - No. of tiers  high  (deck) 
(hold) 

6 6 6 
2 2 2 
5 5 5 

Construction  cost  (variable 
as at  end 1972) $m 9.1 9.8  10.9 

Coaplenknt 31  32 33 

441 458 477 481 504 526 
77 77 77 82 83 83 
43 43 43 51 51 51 
23 23 23 23 23 25 

542  542  542  668  668  668 

85  85  85  85  85  85 

6,030  11,120  19,030  7,100  13,000  21,980 

19.7 36.4 
3.9 4.5 
6.9 6.9 

12;300  12,300 

7 7 
2 2 
5 5 

9.7 10.6 

31 32 

63.0 23.6 42.3 72.8 
5.4 4.1 4.1 5.7 
6.9 6.9 6.9 6.9 

12,300  17,700  17,700  17,700 

7 , l  7 7 
2 2 2 2 
5 6 6 6 

11.8 11.2 12.1 13.4 

33 32 33 3 

(a) Auxiliaries  consumption  rates  above  are  on  basis  of  independent  alternators (i.e. - no,  engine 
driven  alternators),  and  include  an  allowance  for  carriage of about 100 - 20 ft IS0 refrig. 
containers.  This is  equivalent  to  auxiliaries  consunptions of about 1 ton/day  at  sea  and 3 tons/day 
in port. 
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E.5 ROLL ON/ROLL OFF SHIFS 

Roll on/roll off ships  are  designed for a hor'izontal 
movement of cargo and, as  the  name  implies,  were ol7iginally 
developed to operate in: association  with  road  transport (2al-s , 
truck6  and  semi-trailers) . However), with  the  advent of  for>k- 
lift  and  'straddle'  trucks , such  ships have also proved  ideally 
suited for the  rapid  transportation of containerised,  as well 2s 
pac'kaged  and  palletised  cargoes. 

Advantages  include  the  ability to rapidly  handle a wide 
variety  of  all  types of cargoes,  generally in packaged, 
pal-letised OF containerised form, as well as on r o d  transport. 
No inbuilt  cargo  handling  facilities  are requirled,~ whIch  leads  to 
savir!gs in mintsnance. A large  stern dbor: is  provided  for 
loading  and  discharge of the  vehicle  deck.  More recently, large 
capacity  hoists  connecting  the  vehicle  deck  and  spaces  under  have 
been prlovided to  enable  these  spaces  to be atilised for the 
carriage of cargo.  However,  this  constitutes an interruption to 
the  horizontal  cargo  flow  pattern  and  is therefcrle a restriction 
-to rapid  loading and discharge of cargo. 

Dizadvantages  are  the  relatively POOP use of  cubic 
capacity and, when a hoist is provided,  some  restriction of 
loading  and  discharge of the I.:old space.  Terminal  facilities 
must  be  arranged to match  the  stern  loading requ<rements, and 
adequate  shore  transportation  facilities  must  he  providcd. 

Ta5le E.3 summarises  the  principal  characteristics and 
indicative  costs of alternative sizes of roll on/roll  off ships, 
and  Figure E.3 il1:lstrates a typical.  l;*yout  of the  type  of  vessel 
considered. 



TABLE ~ . 3  - ROLL ON/ROLL OFF SHIPS. - T W I N  SCREN 0 1  ESFL " 

~ 

Cargo  weight  (tons) 

39 36 541 2 6396 

Service  speed  (knots)  Service  speed  (knots) Service  speed  (knots) 

14  17 20 14  17  20 14 17 20 

Dimensions 

- length,(EP)  ft 
- breadth, MLO ft - depth of upper  deck MLD ft 
- depth to V'cle deck, MLD ft 
- draught ft 

Cargo 
- NO. of 20' IS0 

containers 
- Cubic  stowage in 

containers  cu  ft/ton 

Power  hp 

Fuel  Rates 
- Main engines - Auxiliaries  (a) (at sea)  tons/day 

(in port)  tons/day 

Gross  tonnage 

Construction  cost  (variable  as 
at end 1972) 19 

Conplenent 

399 409 435 
75 75 78 
49 49 49 
27 27 27 
22 22 23 

340  340 340 

95 a5 a5 

6,030  10,990  20,100 

19.7 36.4 '55.0 
3.9 4.5 5.4 
5.9 5.9 5.9 

11,800  11,800  11,800 

10.8 11.6 12.8 

31 32 33 

4 34 
80 
49 
27 
22 

460 

35 

6,970 

22.6 
4 .l 
5.9 

14,800 

12.4 

32 

491 497 540 556 579 
02 83 95 85 87 
49 49 54 54 54 
27 27 29 29 29 
22 23 23 23 23 

460 460 540 540 540 

65 85 85 85 85 ' 

12,460 22,110  7,500 14,070 24,1215 

41.3 
4.7 
5.9 

14,800 

13.0 

33 

72.8 24.6 46.2 
5.7 4.2 4.9 
5.9 5.9 5.9 

14,800  16,700 13,100 

14.7 13.7 14.4 

34 33 34 

78.7 
5.9 
5.5 

13,700 

16.3 

35 
~ 

(a) Auxiliaries  consumption  rates  above  are on basis of independent  aliercaiors !i.e. - no  engin?  driven 
alternators), and include an  allowance  for  carriage of about 100 - 20 ft 1 %  refrig. containers.  This  is 
equivalent  to  auxiliaries  consurptions  of  about 1 ton/day  at  sea  and 3 tons/day i n  port. 
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E. 6 BARGE-CARRYING SHIPS (LASII) 

This is a  highly  specialtsed and high-priced nodern 
concept  of sea trmsportation, developed to suit  trading  patterns 
which  involved river and coastal  barge  operations at each or' 
either  end.  The  LASH  ship  constitutes  the  "trade  link' over' the 
long  ocean-going  voyage. 

The  coxcept is described by the name LASH ilighter- 
Aboard-Ship)  and  it  is  just  that in simple  terms. 

The nain advantage  is fairly high discharge rate of 
heavy  units  (barges)  enabling  rapid  turn-round at ports. 
However, it  is a highly  sophisticated  unit  requiring a ver-7y large 
capacity  gantry  crane  to  handle  the  loaded  barges  to  and frorn the 
ship, and also a pusher  tug to  Fe.my the  barges when afloat. 

By  its  very  natulle, the  system  involves 'double 
handling'  of sea cargoes  at  either  end.  It  requires  the barges 
to be loaded  (with  general,  unitised or containerised cargoes) 
and  subsequently  the  barges  as  units  to  be  loaded oz the L.4Si:' 
ship. While this  may  be a disadvantage in co~nparison  with or:Qer 
concepts in normal coa.stal or tyans-oceanic  transportation, ~1.er2 
are obvicus  advantages in the special  trades  referred  to abovel, 

However,  the  intricacies  of the concept, invalvhg the 
provision of a  large  capacity  gantry  crane and pusher. tug, 
associated  with  the  high c0ris-t:-ucticn costs  and  rather. lov 
utilisation  of  cubic capacity, genera.Ily  tend to show this type 
of ship at  disadvante.ge  in co-n?arison wit11 other  types or; a 
conventional  coastal tr~ade. 
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TABL E  E.4 - L4SH CONCEPT - SINGLE SCREW D I ESEL, 

Cargo  weight  (tons) 

3444  4920  6396 
~ 

Service  speed  (knots)  Service  speed  (knots) Service ,speed (knots) 

14  1'7  20  14  17  20 14  17  20 

Dimensions 

- length (BP) ft - breadth, MLO ft - depth, MLD ft - draught  ft 

Cargo  (excl.  lighters) 

- no. of  lighters - cargo/l  ighter  tons 

Power  hp 

Fuel  Rates 
- Main  engines  tons/day - Auxiliaries  (a)  (at  sea)  tons/day 

(in  port)  tons/day 

Gross  tonnage 

Construction  cost  (variable 
as at end  of 1972) $m 

Complement 

435 438 458 
74 74 78 
46 46 46 
22 23 23 

28 28 28 
123 123 123 

6,030 10,050 20,100 

20.7 33.5 65.9 
4.0 4.4 5.4 
11.8 11.8 11.8 

12,800  12,800  12,800 

16.6 16.5 17.3 

31 32 33 

560 
18 
49 
23 

40 
124 

6,970 

22.6 
4.1 
11.8 

1 5,300 

18.0 

32 

507 523 523 540 556 
70 82 85 85 85 
49 49 51 51 51 
23 23 23 23 23 

12,460  22,110 

41.3 72.8 
4.7 5.7 
11.8 11.8 

15,300  15,300 

19.0 20.0 

33 34 

7,500 14,070  24,120 

24.6 46.2 80.7 
4.2 4.9 4.9 
11.8 11.8 11.8 

18,200  18,200  18,200 

20.5  21.5  22.5 

33  34  35 

(a)  Auxiliaries  consumption  rates  above  are  on  basis  of  independent  alternators (i.e. - no  engine  driven 
alternators),  and  include  an  allowance  for  carriage of about  100-20ft Is0 refrig.  containers.  This  is 
equivalent to auxiliaries  consunptions  of  about 1 ton/day  at  sea  and 3 tons/day  in port. Also, 'in port' 
consumption  includes 6 tons/day for 250 ton  Gantry  crane,  only  used  intermittently. 
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EVALUATION OF SHIPPING  ALTERNATIVES 

F.l THE SHIPPING  PROBLEM 

The  shipping  problem is one of determining  the  optimal 
development  strategy for W-4SSS during  the  period 1975-1990 under 
various  modal  split  assunptions,  involvixg  selection  of  the 
optimum  vessel  type  (and  its  parameters) to be  introduced intc? 
the  fleet as replacements or acquisition.s,  and  also  the  timing of 
such  changes  in  fleet  composition. 

Four vessel types were considered  to Se appropriate for 
introduction  into  the WASSS fleet.  These  were roli on/roli off? 
unit load, LASH, and a hybrid  container  vessel.  These vessel 
types  are  described in detail  in  Annex E. 

In  the  analysis -f the  total  transport system, mocilal. 
split  is  one of the  variables to be determinsd. in this  part of 
the  analysis, a range of modal  split  is  examined.  This is t-L-!c'n 

used in the  analysis of the tctal system to  determine  the s~:ixm! 
modal  split.  The  six cases examined  are  presented in Ta3ls ?,la 
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TABLE F.l - ALTERNATIVE  MODAL  SPLIT ASSUMPTIONS 
(% of  predicted  tonnage  accruing  to  sea) 

Darwin 

1 80 80 ' 25 
70 
60 
50 
40 
0 

80 
80 
80 
80 
80 

25 
25 
25 
25 
25 

For each  modal  split,  the  optimum  speed  and  size for 
each  ship  type  was  selected so as to  minimise  the  present  value 
of  the  cost of operating  a  fleet  composed of that  type  over  the 
study  period. 

Having  determined  the  optimum  ship  size  and  speed  for 
each  ship type, the  ship  type  having the lowest  cost  is  selected 
as the sea mode  contender in  the overall  evaluation. 

The next  section  outlines  the  ship  costing  information 
used;  the  last  two  sections  summarise  the  analysis  and  results, 

F.2 SHIPPING COSTS 
~ 

The  costs  used in this  study  are  resource  costs  and as 
such  reflect  the  actual  total  cost of the resources  used. The 
costs  are  net  of  any form of tax or subsidy,'  and transfer 
payments  are  excluded. 

In the  case of those  assets  which  are  used  jointly  but 
which  are  created  specifically for only  one  user,  the  entire  cost 
of establishment  and  maintenance is  charged  against  that user, 
Only those  additional  costs  attributable  directly to other users 
are  charged to those users. 



-F-3- 

Capital costs are  included  as  capital  injections  at  the 
time of creation of the asset,  not as annual  charges. 

Total  shipping  costs for purposes of aKalysi$,  are 
categorized  into  vessel,  cargo  handling,  administration arid 
capital.  These  are  considered ir, detail  below for alternative 
ship  types  ov~er  various  size  and  speed  ranges. 

F.2.1 Vessel Costs 

F.2.1.1  Maintenance  and repair; 

Maintenance  and  repair  cost  estimates  were  based  on data 
for various  ship  types  supplied  by  Australian  shipping  companies. 
The  derived  cost  functions,  assumed to apply to all ship types, 
are  summarised in Table F.S. 

TABLE F.2 - ANNUAL MAINTENANCE AZD REPAIR COST FUNCTIONS 

Cost  category  Function 

Hull and superstructure (4 + ,00144GRT) (1.03It+l (3) 

Engines (14.5 + ,00195SHP) (1.03) t+i (l,) 
Docking  and  surveys 
Equipment and other 

(13.5 + .00140GST) (1.03) t+l 
(13.5 + .00528GRT) (1.C3) t+? 

TOTAL (45.5 f .00812GRT + .00195SHP) (1.03f" 

((.I) GRT = gross registered tons, and t is the age of t\e vessel, 
counting  the  first  year  as  one. (b) SHP = installed shaft 
horsepower. 

~ ~ 

Maintenance  and  repair  costs for containers and lighters 
have not been  included  in  Table F.2. The  cost per annum is 55 
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and  7%  of capital  cost for dry  and  reefer  containers 
respectively, and 2.5% of capital  cost for lighters. 

F.2.1.2 Insurance 

Insurance  costs  are  broken  into  two  classes,  hull/war 
r.isk policy  costs,  and  protection/indemnity  club  costs. Hull and 
war  risk  policies  vary  with  replacement  costs  of  the  vessel  and 
tend  to  remain  relatively  constant  in  terms of real costs  over 
time.  Protection  and indefinity club  costs  tend  to  vary over 

, time. In both  cases, the insurance  rates  charged  depend on the 

operators'  experience  and  history.  Average  rates  applicable to 
WASSS were  used to estimate  cost functions; these  are  given in 
Table F.3. 

- TABLE F.3 - ANNUAL  INSURANCE COST FUNCTIONS 
($'OOO) 

Cost. category  Function 

, Hull and war  risk  .0136 P (a) 
Protection  and  indemnity  .001796GRT  (b) 

TOTAL .Cl136 P t ,001796GRT 

(a) P = construction  cost of vessel.  (b)  GRT gross 
registered  tons. 

~ F. 2.1.3 Crew  and  Associated  Costs 

Crew  and  associated  costs were analysed under the 
following  headings : 

l 
~ (a)  salaries  and  wages  less  keep  deductions, 
~ (b)  welfare  payments,  and 

(c) other  items  comprising  victualling, laundry, dry docking, 
voyage costs, and  miscellaneous. 
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WASSS  supplied  data  which  were  used to establish a 
general  cost  function for crew and associated  costs for crew 
sizes  varying  between 30 and 36. This  function  is  given  below. 

ANNUAL C R m  AND ASSOCIATED  COSTS ($l000 1 = 467.291t28.09 (N-30) 
where  N crew  size,  over  the  range 30 to 36. 

F.2.1.4  Other  Vessel  Overheads 

Other  vessel  overheads  comprise  wireless costs, deck 
stores , engine stores, and  stewards'  stores. The  cost  function 
estimated  from  data  supplied by WASSS is given  below. 

OTHER  VESSEL  OVERHEAD  COSTS ($'OOO 19.3 + .0069GRT 
where  GRT = gross  registered  tons. 

F.2.1.5 Fuel and  Lubricants 

Fuel and  lubricant  costs  depend  on  the  breakdown of 
total  ship  operating  time  into  steaming time, in-port time, and 
idle  time  (for  docking,  surveys  and major maintenance). Idle 
time  was  taken (on WASSS advice) to  be 20 days, thus 345 days ars 
available  for  scheduled  operations.  The  split betweer, sailing 
time and in-port  time  depends  on  the  voyage  schedule  for  each 
vessel in the  fleet. 

The  cost  function,  which  was  estimated  using  bunker 
charges  applicable  at  Fremantle, is given  below. 

ANNUAL  FUEL AND  LUBRICANT COSTS ($'OOO ) = 21 t 233.62 LbP 
t (205.22H - 233.62(LP - LS)) R 

where LP = tons  of  light  fuel  per  hour  in  port, 
LS = tons of light  fuel per hour  at  sea, 
H = tons of heavy  fuel per hour, and 
R = proportion of effective  operating  time  per 

annum  ship  spends  steaming. 

. 
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F. 2.1.6 Harbour  and  Wharf  Dues 

In most  shipping  operations,  harbour  and  wharf  dues 
comprise a capital  charge  component and a  maintenance  and  repair 
component. In a resource  cost  analysis the capital  charge 
component is included  as a capital  injection  at  the  time of 
creation  of  the  wharf or harbour,  not 8s an  annual  charge. 
Therefore  this  component  is  included  in  the  capital  cost  section. 

The  second  component  is  included  in  the  cargo  handling 
cost  section. 

F. 2.2 Cargo  Handling  Costs 

~ Detailed  estimates of cargo  handling costs, and  the 

methods of estimation used  are given  in  Annex H. 

F.2.3 Administration  Costs 

A detailed  analysis of administrative  costs  under 
alternative  modal  split  assumptions and for various  ship  types 
has  not  been  undertaken  for  the  purposes of this  study.  It  has 
been  assumed  that  the  current  level  of $650,000 per  annum will 
persist  for all alternatives in the  future.  This  assumption  was 
adopted on the  grounds  that  the  relative  magnitude of these  costs 
is such  that  moderate  fluctuations  would have an insignificant 
effect on the  results  of  the  study. 

F.2.4 Capital  Costs 

F. 2.4.1 Ship  Capital  Costs 

Ship  capital  costs have been. estimated  by  the 
Shipbuilding  Division of the  Department  of  Transport.  The  costs 
quoted  pertain  to  construction  costs  in  Australian  shipyards. 



Details of the  estimation  methods  and  the  resultant  vessel 
statistics for alternative ship types  over  various  size and  speed 
ranges  are in Annex E. 

F.2.4.2 Port  Capital  Costs 

The  port  capital  costs  included  in  this  study  are  those 
incurred in providing  additional  wharf  facilities for WASSS 
operations. For example, a new  port is to be constructed in the 
Port  Walcott  area  regardless of WHSSS operations.  None  of  these 
developmental  costs  are  attributable  to WASSS. If special 
facilities  are  required for VkSSS operations, for example, a 
stern  loading  ramp  for roll on/roll  off  operations,  these costs 
must  be  charged  to WASSS. Costs of port  development are outlined 
below for the  alternative  ship  types  under  consideration. 

Unit  load  and  hybrid  container  vessels  incur no 

additional  port  development  costs  over  the  project  period. 

Roll on/roll  off  vessels  require the installation  of 
either a new  berth or a stern  ramp at all  outports.  The  Public 
Works  Department  of  Western  Australia  estimated  requirements  and 
costs for each  of  the  ports of call.  Several  alternative 
development  proposals  were  submitted for each  port.  Table F. 4 
shows  the  costs  of  the  cheapest  alternative  in  each  case. 
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TABLE F.4 - PORT  DEVELOPMENT  COSTS FOR ROLL  ON/ROLL OFF VESSELS 
($'OOO> 

Port  Development  cost 

Port  Walcott  996 
Port  Hedland 1,325 
Broome  680 
Wyndham  1,096 
Port  Warrender 1,334 
Darwin 600 

- 

In a LASH  operation  in  Western  Australia,  barge 
terminals  must  be establislied at all ports. The  costs of 
providing  these  facilities  were  based  on  data  supplied  by  WASSS. 
These  costs  are  shown  in  Table F.5. 

TABLE F.5 - PORT  DEVELOPMENT  COSTS FOR LASH  VESSELS 
($'OOO) 

Port  Development  cost 

Fremantle  1,970 
Port  Walcott 
Port  Hedland 

1,110 
1,210 

Broome 120 
Wyndham 680 
Port  Warrender 120 
Darwin 1,000 



F.2.4.3 Container?,  Pallet and Lighter  Capital  Costs 

The capital  costs of containers  and  pallets  are 
presented in Table F.€. Lighter  capital  costs  are  included in 
the  vessel  capital  costs at h n e x  E. 

The stock  of  containers  and  pallets  requiped  at  any time 
was  assumed to be 1.5 times  the  Actual  requirements,  where this 
is  based  on  the  cargo  deadweight  capacity  of  each  ship in the 
fleet, and  the  load  form assumed, 

Other  items  such  as slings, cages, etc.,  are  minor  cost 
items  and  are  not  considered. 

TABLE F.6 - CAPITAL  COSTS OF CONTAINERS AND PALLETS 
Item cost  Expected  life 

( $ per  unit 1 (years 1 

Dry containers (a> 1,400 7 

Reefer  containers 7,500 7 

Pallets (b) 5 2 

(a)  Container  costs  are  the  cheapest per unit costs. (b) 
Pallets  are of wooden  construction. 

F.3 ASSUMPTIONS, METHODS ANI! RESULTS 

This  section  deals wi-th the  assumptions  made,  and  the 
methods  used  to  determine  the  optimum  fleet  development for WASSS 
for each  of  the  alternative  modal  split  patterns. 

F. 3.1 Assumptions 
In  past operations, WASSS has  serviced a large  number of 

ports.  Recently,  however,  nuch  has  been  done to rationalise the 
service  and  reduce  this  number. We assume  that  this 
rationalisation will continue  with  the  introduction of modern 
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i specialist  ships  and  new  materials  handling  methods  and 
equipment. 

i , '  

. F.3.1.1 Ports of Call 

The ports of call  considered  are  Port  Walcott  (an 
upgraded or new  port  is  to  be  established  in  the  near  future to 
service  the  Dampier/Wickham area), Port  Hedland,  Broome,  Wyndham, 
Port  Warrender  (developments in the  Admiralty  Gulf  region  are 
assumed  to  require  regular  servicing by WASSS  from  1980  onwards) 
and  Darwin.  Regions  currently  serviced  through  other  ports  will 
be  serviced by  a combination of road  and  lightering  operations 
from  the  above  ports. 

1 
l 

F.3.1.2 Cargo  Movements 

, 
The projected  cargo  movements by sea from  Perth to each 

of the ports  above  were  calculated for each  of  the  six  modal 
split  cases  given  in  Table F.l. As an  example,  the  cargo 
novement  corresponding to Case l is  presented  in  Table F.7. 
Other  cargo  movements,  both  interport and  cargoes from the 
outports to Perth,  have  in  WASSS  operations compr)ised about 10% 
of total  cargo  shipped.  These  cargoes are treated  implicitly  in 
the  computation of in-port  time. 

, 
~ 

~ 
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TABLE F .7-:PROJECTION OF , W O  FOR MOVEMENT BY SEA TO THE Nli' PCRTS, C4SE 1 (a) 

( '000 tons 1 

Port  Port  Total iVyn-Jhan Port Total 
Year Walcott Hedland P i  1 bara Eroorne (b) Warrender  Oarrin  Kiabetley 

B Darwin 

1975  89.6  82.5  172.1  32.5 31 .8 55.5 11Y.8 

1976  116.2  107.8  224.0  34 .; 30.6 60.4 125.1 

1977  123.5  134.0  257.5  36.6  30.2  65.5 i32.3 

1978  134.5 136.2 210.7  40.1  33.3  70.9  144.3 

1979 140.6 1 32 .O 272.8 43:; 40.0  76.7 159.3 

1980  142.2  126.8  269.0  46.2  34.2  12.7  82.7 175.6 

1981  153.5  128.4  281  .9  48.6  35.8 8.3 89 .l 16: .8 

1992 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

159.7 130.5 

165.3 125.7 

168.4 132.1 

171.9 126.2 

183.4 123.0 

191 .l 124.2 

198.1 124.5 

198.1 124.5 

198.1 12k.5 

290.2 51 .O 
291 .o 54.E 

300.5 57.3 

298 .l 69.0 

306.4 61.8 

31 5.3 71.6 

322.6 64.9 

322.6 64.9 

322.6 64.9 

37.6 

39,7 

41.7 

43.6 

45.8 

47.0 

49.7 
49.7 

49.7 

15.4 

16.0 

16.6 

17.3 

32.9 

29.9 

29.0 

29.0 

29 .o 

95.9 

1 03.0 

1:0.4 

118.2 

126.4 

134.9 

143.8 

143.8 

143.3 

199.8 

21 2-3 

226.0 

245.1 

'166.9 

284.2 

22'7.4 

297.4 

287.4 
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The  projected  cargo  movements are presented, and 
analysed,  in  aggregate  form  (demand  predictions  were  actually 
made  in a less aggregated  form;  refer to Annexes G and D),. 
However,  cargo  densities  have not been  ignored.  The  mean  stowage 
rate of cargo  to  be  forwarded is about 90 cu ft per  ton. In the 
light of this,  new  vessels  have  been  designed  with  cargo 
deadweight  capacities  based  Qn an average  stowage  rate  of 80 cu 
ft  per  ton,  which,  in  the  opinion  of  the  Shipbuilding  Division, 
is  the  maximum  attainable.  One  ,consequence is that  some  cargoes 
must  be  considered  to  be  captive to other  modes and this is 
reflected  in  the  maximum  modal  Share  to  any  destination'  being 
held  at 80%. 

We have  assumed  that  cargo  demand  may  be  considered to 
be uniformly  distributed  through  the  year.  Past  operations  of 
WASSS would  tend to suggest the. existence af a seasanal. pnttern 
of demand. However,  this  could  be  attributable, to  some  extent 
at least, to  the  vulnerability  of  WASSS  vessels  to  seasonal 
weather  disturbances at that  time.  New  vessels  will not be so 
adversely  affected. 

F.3.1.3 Schedules 

Scheduling  of  vessels  was  studied  in some detail  with 
the aid of  a  simulation  model.  This  indicated  that  fleet 
requirements  could  be  reduced  substantially  from those under  a 
'bus stop' .to  all  ports  schedule by scheduling  each  vessel  with 
varying  numbers of port calls  on  each  voyage.  This also had  the 
effect  of  increasing  the  periodicity  of  calls at each port. 

Unfortunately, it was  impractical to use this  approach 
for  the  large  number  of  alternatives  studied. A comprbmise was 
reached  whereby  fleet  requirements in each  year  were  examined 
under  two  schedule  forms.  The  first  was a 'bus stop' cal1,ing at 
all  ports  listed in Section F.l of this Annex.  The  second 
schedule  was  made up of two  types of voyages,  one  calling 
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exclusively  at the Pilbara  ports  and  the o"her at the kimberiey 
ports  and  Darwin.  This  schedule  is  referred to  as 'shuttle'. 

In  each case, fleet  requirements werz b'xsed on three 
considerations.  Firstly, a uniform fleet in  terms of ship type, 
size and speed was aimed at. Secondly,  the  average  load  factor 
was  taken to  be 90% of cargo  deadweight  capacity.  Thirdly, a 
port call  periodicity of between six and  eight  days  was  required. 

F.3.1.4 Time  in Port 

In-port  times  were  analysed  in  three  parts : port 
delays,  loading and discharging time and in-port  down  time. 

Port  delays  comprise  manoeuvring time, labour  disputes, 
berth  shortages, weather, crew  disputes,  tidal  delays,  mooring 
time and  miscellaneous.  Unit  load,  hybrid  container,  and roll 
on/roll off ships  may be expected to have  similar  total  delay 
times.  Average  delay  times  in  days  per  voyage for these ship 
types  are  given in Table F.8. 
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TABLE F. 8 - AVERAGE  DELAY TIMES: UNIT LOAD, HYBRID CONTAINER A ~ D  
RO/RO VESSELS (a> 

.(~ays per  voyage) 

~~ ~~ ~~ " 

Bus stop, Shuttle 
all ports 

Pilbara Kimberley, Darwin 

Without 
Port  Warrender 1.19 .51 .85 
With 
Port  Warrender 1.36 .51 1.02 

(a3 These  figures are based  upon  average  port delays 
incurred in currknt WASSS operations. 

LASH  vessels will be  subject to different  port  delay 
times. These ape considered  later. 

Loading  and  discharging  times  depend on the vessel type, 
on the percentages of cargo containerised, unitised, and break 
bulk, on  stowage ,rates and on  cargo  handling  equipment  and 
methods. The rates  calculated  assume a labour  force  equivalent 
of 3 gangs  at  Fremantle  and 2 gangs at each outport, with a'level 
of  productivity  per  gang hour based on East  Australian 
standards, Loading  and  dischapge rates for the unit loaders 
currently  employed in WASSS  are  based  on those actually  achieved. 
The rates for the riew ships  applied data developed  in  Annex H, 
The rates calculated  are  presented in Table F.9. Xates applicable 
to LASH vessels will be  considered later, 
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TABLE F.9 - LOADING.AND DISCHARGE RATES FOR ALTERNATIVE SHIP 
TYPES (a) 

R0 / R0 Kybr id Unit  load (b) Unit load (c> 
container 

Fremantle 18 0 16 2 45 60 + 2k (d) 
Outport s 103 6 2  3 6  45 + 2k (d) 

(a) These rat.es allow for the time involved  in  loading  and 
discharging  of  empty containers and cargo for return  to Perth. 
(b) This column applies to unit  load  vessels currently in use. 
(c) This column is for new unit loaders. (d) k = 0,1,,2! ..-., 
15 for  project years 1975, 76, 77, .... 90. 

In-port downtime in coastal shipping  operations 
cor,prises a  significant  proportion of annual effective  operating 
time. It is a function of the voyage schedule and instituional 
labour  arrangements  in  each  port of call. In this  study it is 
assumed  that each gang  can  work  two consecutive shifts of 8 hours 
each with no Sunday or holiday  work.  To allow for in-port 
downtime, the  loading or discharge rates  were multip1ie.d by a 
factor of ,563 to give a rate per hour which reflects these 
institutional  labour arrangements, 

In  the case of LASH vessels, the total in-port time was 
rather more  difficult to compute. As well  as a fixed component 
due to port delays, and, depending on  the  voyage schedule, an  in- 
port  downtime component, there is  a  variable component which 
varies  particularly  with  the number of barges to be discharged 
and  loaded. Our data base was inadequate to derive accurate 
estimates for each  component and  each  port  of call. From the 
available data, an overall  estimate of total in-port time of 3 



l -F-16- 

hours per barge loaded or discharged  was  derived. Preparing 
schedules of the LASH operatioh  using  this figure, and comparing 
them with schedules  prepared by WASSS for a similar LASH 
operation, indicated that a reasonable approximation of in-port 
time had been derived. 

F.3.2 Analysis 

The analysis of alternative development strategies for 
WASSS was carried  out in two  parts.  Phase l of the analysis was 
used to select the optimal ship type and  it.s parameters for use 
in alternative fleet  development strategies, for which four sea 
modal share8 were exami.ned,' Cases 1,3, 5 and 6 (Table F.1). 
Phase 2 consisted of a  detailed  analysis of the selected ship 
type 

F.3.2.1 Phase 1 

TtJo simplifying assumptions were  made in this  part of the 
analysis. Firstly, the total construction cost of a vessel was 
attributed to the year of introduction  of that vessel. Secondly-, 
in the  case of unit  load vessels, the 1md:':ng and discharge rates 
were assuned  not to vary with time. The rates used were the mid- 
range values  of those presented in Table F.9. 

Each ship type was  examined  over its size and  speed 
range a,s given in Annex E: To avoid 'complications in this 
preliminary  phase  arising from analysis of the operation of 
mixed fleets, participation by the WASSS fleet of four unit 
loaders was ignored. Fleet requirements were built up for each 
year  of the project  period for each df the bus stop and shuttle 
schedules.  For each ship size and  speed  present  values  of vessel 
costs were derived  at the discount rates 5, 7 and 10 per  cent. 
It was in this way that a size/speed trade-off could be obtained, 
and the optimum ship parameters selected. 
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Having  obtained  the  optima1  ship  parameters for each 
ship type, and  the  present  value  of  vessel costs, it  was .now 
necessary  to  obtain  the  present  values for containers  and 
pallets,  cargo  handling  costs,  and  port  capital  costs for each of 
the  alternative  ship  types.  These  three cost categories 
w:ere not  included in the  size/speed  trade-off  analysis  because 
they  were  invariant to ship  size  and  speed. It was now possible 
to select  the  optimum  ship  type to be  used in each  alternative 
modal  split  case. In Table F.10 are  the  res-llts of the 
preliminary  analysis for Case 1. Table F.ll presents  a  summary 
of results for the  other  cases  studies  in  this  phase. 

The main  features of these  results  were: 

(i) The unit  load  ship  type  was  clearly to be  preferred over 
the  other  types.  The  next best was  the  hybrid container 
type, costing  about 10% more. 

(ii) The high productivity of LASH and RO/RO was reflected in 
the  smaller  fleets required, but  this  economy was 
nullified  by  the  higher  vessel  construction  costs. 



Vessel statistics RO/RO Hybrid Container - - " " . . _I 

Bustop  Shuttle  Bustop ' ,  Shuttle 

Pilbara  Kimberley Total Pi 1 bara Kimberley Total 
L" 

Cargo capacity rlwt 5,904  5,904  5,904  6,396  4,920  4,920 
Spec d knots 17  17 , 17  14 14 1 4  
Voyage time days 17.06 1 1 .3E 16.60  22.71  13.70  20.00 
lnport tiMe  days 7.29  6.61 6.95 10.84  7.93  8.27 
Trips  annually 22 30 20 15 25 17 

F 1 eet requi rement S 
in year (number) 

1175 3 2 2 4 4 2 2 4 
1376 4 2 2 4 4 2 2 4 
1977 4 2 2 4 5 3 2 5 
1979 4  2 2 4 5 3 2 5 
1779 5 2 2 4 5 3 3 e; 
1990 5 2 2 4 6 3 3 6 
1 9 91 5 2 2 4 6 3 3 6 
1982 5 2 2 4 6 3 3 6 
1983 5 2 2 4 6 3 3  6 
1984 5 '  2 3 5 ' 6  3 3 6 
1985 6  2 3 5 7 3 4 7 
1986 6  2 3 5 7 3 4  7 
I 987 6 2 3 5 7 3 4 .7 
1988 6  2 3 5 7 3 4 7 
1981 6 2 3 5 8 3 4 1 
1990 6  3 3 5 8 3 5 8 

PRESENT VALUE ($m) 

Vessel costs 119.8 
Containers etc. 10.0 
Cargo handling 29.5 
Port capital 1.3 

Total 160.6 

1C5.5 107.4 
9.0  13.0 
29.5  26.0 
1.3 

145.3  146.4 

101.5 
1011 
26.0 

137.6 

Vessel costs 106.0 
Containers etc. 8.2 
Cargo handling 23.9 
Port capital 1 .o 

Total 1 39 .l 

93.6  94.9 
7.5  10.8 
23.9 21 .O 
1 .o 

126.0  126.7 

89.6 
0.4 
21 .o 

119.0 

Vessel costs 89.4 79.5  79.9  75.5 
Containers etc. 6.6 5.8 8.4 6.6 
Carqo handling 17.7 l 17.7  15.6  15.6 
Pnrt cqpltal .l .l 

Jotal 144.0  103.7  103.9  97.7 - 
(a) rile modal split  assumptions represented by Case 1 3re defined in the text at  Table F.1. 

- NOTE: Sim-,le sched~ling has been used with no allowarm for the present fleet. 
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Vessel  statistics , LASH llni t Load 

Bustop  Shuttle  Bustop Shuit 1 % 
"' "- " 

Pilbara Kimberley  Total Pilbara '1imberi.y iota] 
" "- 

Cargo  capacity  dwt 6,396  5,904  5,904  6,588  5,904 5,904. 
Speed h o t s  18 15 15  15 14 14 
Voyage tine days 14.36  10.51 1 5.07 26.10  18.14  24.43 
lnport  tine  days 5.1 3 5.1 3 5.4 3 15.02  12.37  12.71 
Trips  anwall y 24  32 21 13 19 1 4  

Fleet  requirements 
in year  (number) 

1975 3 1 2 3 4 2 2 4 
1976 3 2 2 4 5 3 2 
1977 3 2 2 4 5 3 2 
1978 3 2 2 4 6 3 2 
1979 4 2 2 4 6 3 3 
1980 4 2 2 4 6 3 3 
1981 4 2 2 4 6 3 3 F 

6 

1982 4 2 2 4 7 3 3 G 
1983 4 2 2 4 7 3 3 6 
1984 4 2 2 4 7 3 5 
1985 4 2 3 5 7 3 4 7 
1986 5 2 3 5 7 3 4 
1987 5 2 7 5 0 4 4 a 
1988 5 '  2 3 5 8 4 it 
1989 5 2 1 5 8 4 4 2 

1990 5 2 3 5 8 4 5 0 

5 
3 

3 

rl 

9 

- 
PRESE:IT Vli!!;S ($m) 

at 5% 

Vessel costs 134.5 726.7 96.8 87.7 
Containers etc. 5.2 5.1 9.0 7.5 
Cargo hand1 i ng 25.6 25.6 30.4 
Port capital 

3.4 

Total 166.9  159.0 136.2 125.6 
1.6 1 .€I 

Vessel  costs 120.1 113.5 35.2 "3 

Containers etc. 
/:.l 

4.3 4.3 7.5 
20.7 ; 

6.2 
Cargo hand I i ng 20.7 24.6 
Port  capital 

24.6 
1.3 1.3 

Total 146.4  1?9.5 117.5 107.9 

at 10% 

Vessel  costs 102.6 97.6 7! .4 64.5 
Containers etc. 3.4 3.k 5.5  4.5 
Cargo  handling 15.4  15.4  .18.3 18.3 
Port capital .9  .9 

Total 121 -3 117.3  95.6  87.6 - " 

(a) The modal  split  assumptions  represented b y  Case 1 are  defined in the text at Table F.1. - NOTE: Silnple scheduling  has  been.used with no allowance for the  present  fleet. 
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" TABLE F.ll - PRFLIUIHAI~Y ANALYSIS OF FOUR A L T E R N A T I V E  SHIP TYPES: RESULTS FOR CASES 3, 5 and 6'") 

RO/RO Hybrid  Lash  Unit  Load - "> 

Bustop  Shuttle  Bustop  Shuttle  Bustop Shuttle Bustop  Shuttle 

Case 3 

Vessel Statistics 

Carqo drt tons 5,904  4,428  6,888  6,396  6,396  6,396  6,888  5,904 

SDeed knd:; 17 14 15 15 18  19 15 14 

 present^ Values 

5 9  Sm 138.9 131.2 124.8 119.7 140.1 146.8 115.8 112.7 
74 $m 120.3 113.8 107.9 103.7 124.2 128.3 39.5 96.8 
10% h 98. Y 93.7 88.4 85.3 102.8 104.1 8d.3 79.7 

C d s e  5 ' 

Vessel Statistics 

Cargo drt tons 5,904  5,904  6,888  6,396  6,396  6,346  6,898  5,904 

Speed knots 17 17 15 15 18  19 iJ 14 > r  

Present  Values 
55 tm 122.8 ' 115.9 114.6 i15.7 126.5 ,i25.0 ,103.2 102.2 
7; $m 106.1 87.2 96.2 100.0 1'1O.fi 109.7 88.6 8'1.8 
10% fm 86.1 79.5 73.8 81.9 ')l .9 90.9 71.9 71.2 

C a e  6 

Vessel Statiitics 

C a y o  dat tcos 5,904 6,888  6,396  6, 8R8 

Speed k w l f  S 16 16  19  14 

75.5 
65.4 
53.2 

67.4 R1 .2 59.3 
58.6 76.8 51 .t 
47.9  59.7 41.6 

(a) The modal split assumptions  represented by Cases 3, 5 and 6 are  defined in the  text at Table F.?. 
MOTE: Simple  scheduling  has  been used w i t h  no a l l w a n c e  for the present fleet. 



F.3.2.2 Phase 2 

The  results of the  Fhase l analysis Tear,t that P3aae 2 
involved a detaile?  analysis of alternative de-,Ie1.cpxen.t 
strategies  using  unit  loaders.  This  analysis  differed  in  several 
respects from the  Phase 1 analysi8s. 

Firstly,  the  existence of the  anticipated PJASSS fleet in 
1975  was  recognised.  This  reqxired  additional  analysis to phase 
out  the old unit  .loaders.  These  vessels w'ere imported and are 
subject  to  Government  regulations  concerning  re-exportation an?. 
replacement  by  Australian-built  ships. The lequirement is for 
orders  to be placed  with  Australian  shipyards for the building of 
vessels  to  replace  these v?sssl:s within five years of the irn33-t 
date.  It is estimated  that  the  latest  replacement  dates for 
these  vessels  will  be 19'78, 1979, 1980  and 1981. EconorSc 
analysis  has  indicated  that  these  vessels  should  not  be  replac26 
before  these  dates. 

Secondly,  in  considering  ship  capital costs, it is 
assumed  that 35% of the capital. cost is incurred in the year of 
delive:ry, 40% in the  year  prior to the year zf delivery,  and -i::h..s 

remaining 25% two years prior to the  del<v2~!1  date. This split 
approximates  to  the  normal  resource  use  distribution  in  ship 
construction. 

Thirdly,  loading and discharge  rates  are now allowed  to 
vary over time.  This  change  could  result  in a change in the 
optimal  ship  par&meters, but dc.2,. :.lot lead to a change in the 
optimal ship type.  Howevcr,  the ship pa:-a?:lexe? S determined ir: 
Pllase 1 of the  analysis we.?c< carried Over t2 Phase 2 with  one 
ex.ception.  Tt was Pound  that fox' Case 6, sk1ips to the Kin-herley 
only,  the  optimum  size r?ver-rec' to C#, O O @  tons whcn the more 
detailed  analysis cf PhLi.se 2 was applied. 

The aT.alysis was  again perform::6 for the bus stcp'  and 
'shuttie' schedules ir! each ca;e. As before, the  results  indicated 
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that the 'bus stop' schedule was inferior to a 'shuttle' service, 
except for one or two years at the beginning of the study period; 
at  this time, the fleet size is only four or five ships which are 
better  utilised in a 'bus stop schedule. 

F 3.3 Results 

Table F.12 shows the final phasing of W ithdrawa , 
present WASSS ships from the fleet and the timing ;f new 

l of 
ship 

acquisition, as  estimated from  the Phase 2 analysis, Six cases 
are presented, corresponding to the  ran,ge of sea modal shares 
listed in Table F.l. 

The corresponding  total cost profiles are summarised in 
Table F. 13 



(Number of vessels) 

Case 'I 
Vessel aqoisitions 1 1  1 1  1 l 1 
Vessel sales 1 :  1 1  
Vessels in fleet 5 6 6 6 6  6 6 6  6 7  7 7 7  7 7  7 
rleet  usage - A 5 

- B  3 3 3 3  3 3 3  3 3  3 3 3  3 3  3 
- c  3 3 3 3  3 3 3  3 4  4 4 4  4 4  4 

Case 2 

Vessel aquisitions l 1  1 1  1 1  ? 
Vessel sales 1 1  1 I '  
Vessels in fleet 5 6 6 G 6  E E 6  6 7  7 7 7   7 7  7 
F1ec.t usage - A 5 

- B  3 3 3 3  3 3 3  3 3  3 3 3  3 3  3 
- c  3 3 3 3  3 3 3  3 4  4 4 4  4 4  4 

Case 3 

Vessel aquisitions 1 1 1 1  1 1  1 
Vessel sales 1 1  1 : 
Vessels in fleet 5 5 6 6 6  E 6 6  6 7  7 7 7  7 7  1 
Fleet usage - A 5 5  

- a  3 3 3  3 3 3  3 3  3 3 3  3 3  3 
- c  3 3 3  : 3 3  3 4  4 4 4  4 4  4 

Case 4 
Vessel aquisitions 1 1 1  1 1  1 
Vessel sales 1 1  1 1  
Vessels in fleet 4 5 5 5 5  5 5 5  5 6  6 6 6  6 E  ! 
Fleet usay - A 4 

- e  7 2 2 2  2 2 2  2 2  2 2 2  2 2  : 
- c  3 3 3 3  3 3 3  3 4  4 4 4  4 4  i 

Case 5 

Vessel aquisitions 1 1 1  1 1  1 
'Vessel sales 1 1  1 1  
Vessels in  fleet 4 4 5 5 5  5 5 5  5 5  6 5 6  E 6  E 
Fleet usaqe - A 4 4  

- B  2 2 2  2 2 2  2 2  2 2 2  2 2  2 
- c  3 3 3  1 3 3  3 4  4 4 4  4 4  4 

Case 6 

\'e:sel aquisitions 1 1 1  
Vessel sale: 1 1 1 1  
YI.ssels i n  fleet 2 3 2 3 3  3 3 3  3 4  4 4 4  G 4  4 
Tleet us3y? - c 3 3 1 3 3  3 3 3  3 4  4 4 4  4 4  4 - 
(a) The mocal split assumptions represented by C ~ s e s  1 to 6 are defined i n  Table r.1 

- !iOTE: F l e e t  usage  gives  the  number of vessels emp'ayed in each of the vo,a;)e types A ,  B, 3nd C, where 9 is bustop 
all ports, H is shuttle to the Pilbwa, and C is shuttleto the Kimberley and Dlrvin. 
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[ALILE F.13 - FINAL  ANALYSIS OF U N I T  LOAL) SiiIP: PZESEMT  VALUE OF CA?ITAL A N U  OFiRATlNG COSlS FOR 
" PlL3A2A, . KIMBERLFY, AND DARIJIN C U G O E S  FOR CASES l to 

" - 
B i  scount  Capital  costs  Operating  costs 
rat e - 

Vessel  Containers  Vessel Total ' VeSsel  Gontainers  kdnin-  Cargo lotal 
acquisition  and  sales  associated  istration  handling 

pal lets costs 

" 
Case 1 

7% 25.6 4.2  -1.9 27.8 41,.7 1.2 5.0 24.5 72.5 
10% 23.4 3.3 -1 .6 25.3 31.3 0.9 3.0 18.2 54.2 

Case 2 

76 25.5  4.2 -1.9 27.8  41.7 l .2 5.0 22.7  70.7 
10% 23.6 3.3 -1 .ti 25.3  31.3  0.9 3.8 16.9  52.8 

Case 3 
71 25.1  4.1  -1.9  27.2  40.1  1.2 5.0 20.9  67.9 
10%  23.0 3.2  -1.6  24.6  30.7 0.8 3.8 15.5 50.9 

Case 4 
7 ':, 20.1 3.3 -1.9  21.5  34.9 1 .o 5.0 19.1 60.0 
1 i l $  18.3  2.6  -1.6  19.3  26.1  0.7  3.0  14.1  44.0 

Case 5 

7 a 19.8 2.7 -1.9 20.1 34.2 1 .o 5.0 17.3  57.5 
10% 17.1 2.5 -1 .6 18.7 15.5 0.7 3.8 12.8  42.8 

Case fi 

79  11.7 2.0 -2.5 11.1 22.2  0.6 5.0 10.1  38.0 
10% 10.4  1.5  -2 .l 9.7  16.6  0.4  3.8  7.4 28.3 

(a) The modal  split  assumptions  represented b y  Cases 1 to 6 are  defined  in  Table F.1. 



ANNEX G 
CARGO HANDLING, MATERIALS  HANDLING  AND PCRT FACILITIES 

FOR ALTERNATIVE SHIP TYPES 

G. 1 SUMMARY 

This Annex  examines  the  port  facilities  and  materials 
handling  systems and  equipment  required for a  shipping  service 
between  Fremantle  and NW Australia  ports and Darwin for 1975 to 
1990. 

For each port, the  proportions  are  established of cargo 
which  would  be  carried in large  freight  containers,  unit  loads 
and as miscellaneous  cargo.  The  basic  assumptions were checked 
with  Australian  National  Line. 

Port  facilities  requirements  include  strengthening of 
decks for specialised  materials  handling  equipment  (hybrid 
container, RO/RO, unit  load  ships) , special RO/RO berths and 1,ASil 
barge  unloading  terminals , shore-based  container and 
miscellaneous  cargo  storage facilities, and  covered  areas for 
break-bulk and consolidation. 

Cargo  handling  rates  depend  upon  the  type of cargo, ship 
type, handling  equipment,  gang size, number of cranes or hatches 
being  worked,  and  whether work is at  Fremantle or outportS. 
Rates  for  different  ship  types  were  established  in  conjunction l 

with  Australian  National  Line. 

Materials  handling  systems  comprise  equipment for 
handling  cargo  from  ship's  side or vehicle  deck  and  transfer to 
shore-based  terminal.  Basic  capital  and  operating  costs  are 
specified. 

For  the  unit  load ship  schedules  and  unit  costs of l 

proposed  materials  handling  equipment  requirements  and terminal 
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faci.lities are  presented  for the major sea participation case, 
Case l of Table F.l, corresponding to' 80% modal share to both  the 
Pilbara and Kimberley, and 25% to Darwin, This detail is omitted 
for the  other ship types.  The ccists  a$e then reduced to a rate 
per ton of cargo which are then applied to the range of sea 
modal shares covered by the  study.  For completeness, the rates 
Cor all  the ship types and ports are also tabulated  at the end of 
this Annex. 

I "  

Diagrammatic representations of the layout of a shipping 
terminal and operational materials handling systems for the four 
ship  types  are  attached (Figures G.l to G.6). 

G. 2 LOAD FORMS 

The following  load forms were assumed: 

Unitisable - suitable for palletising, strapping, 
or slinging for handling as a  unit 
(also  pallet cages and containers up 
to 3 tons). Average  weight of unit 
load  is 2 tons. 

Containerisable - suitable for IS0 20 ft container dry 
and reefer types of large 
collapsible container flats. 
Average weight 12 tons. 

Other - large items handled singly. Average 
lift estimated at 4 tons. 

G. 3 CARGO  CHARACTERISTICS 

The cargo densities shown in Table G.l were assumed for 
the main cargo categories. Also  included  in this table are the 
maximum percentages of these categories which are  amenable  to 
movement either as unit loads, or in containers. 

. . " 
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TABLE G. 1 -' PERCENTAGE OF CARGO  CATEGORIES 

~ ~- - ~ 

Logistics  Maintenance  Construction Hwsing 

Density  cu  ft/ton 100 100 60 

Unitisable % 90 20 50 

Containerisable % 100 2 5  40 

To simplify  computing  procedures,  a  fixed bzeakdc?wr 
between  break-bulk  and  through  movement was assumed fcrl sac> 
port.  Through  movement in this  context  implies  direct deli~7e-y. 
to consignee  from  the wharf; break-bulk  requires an  intermedkte 
stage in a covered  terminal.  These  assumptions,  together ~ 5 t h  
those  pertaining  to  the  calculated  percentages  delivered ts the 
port  as  unit  loads or containers  are shown in table G.2 below. 

Port  Port  Broome  Wyndham DarW5i-L 
Walcott  Hedland 

Break-bulk 50 60 60 30 50 
Through  movement 50 40 40 70 50 

Unitisable 63 61 69 72 76 
Containerisable 66 64 71 77 73 

For unit load ships, it was assumed  that  the  percentage cf 

containerised  cargo  increased by  2% per  annum from 25% in 1975 to 
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55% i.n 1.990. At any time all goods suitable for containers are 

assumed to be containerised for hybrid, RO/RO and LASH. 

(2 . 4 BASIC  MATERIALS  HANDLING  EQUIPMENT  REQUIREMENTS 

The  National  Materials Handling Bureau (NMHB) derived 
the basic materials handling equipment requirements and costs 
shown ih Tables G. 3 and 'G. 4. 
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TABLZ 6.3 - NATERIALS HANDLING EQUIPMENT PROPOSALS AN2 COSTS 
" 

Item Proposed 
to handle 

Capital  Operating 
cost  cost 
($1 ($ per  hour) 

50,000 lb fork Full containers at 
lift truck all ports; ships 

side, terminal  area 
ship to terminal 

20,000 lb fork Empty  containers  at 
lift  truck  all  ports 

5,000 lb fork Break-bulk  stowing 
lift  truck and  unstowing of 
(low  mast) IS0 containers 

75,000 

28,000 

12,000 

Tow  tractor Cargo under hook 6,000 

2G tan trailer (a) Cargo  under hook 3,500 

25 ton  mobile  Miscellaneous cargo 115,090 
crane 

5. GO  

1.75 

9.70 

0.30 

0.15 

6.00 

22.5 ton  Miscellaneous  cargo (b) 40,000 
overhead  crane 

(a) pneumatic  tyres (b) including  erection  of steel work. 
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TABLE 6.4 - CONTAINEX  AND PALLET CGSTS 

20 ft IS0 dry containers 
20 ft IS0  reefer  containers 
48 in wooden pallets 

1,400 
7,500 

5 

70 
525 

G.5 STORAGE AREAS 

National  Materials  Handling Bureau derived storlage 
requirements for containerised  and  other  cargo  as  shown in 

- TABLE G. 5 - STORAGE  AREA  REQUIREMENTS 

area 
Table 

Load 

Unit an3 non- Containers 
containerised 

Outdoor 30 sq ft/ton  Outgoing (full) 2 high 
Incoming (empty) 3 high 
Aisle 30-40 ft 

Covered 30 sq ft/ton 400 sq ft/container 
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G.6 SHIP'S GEAR  HANDLING 

The average rates at  which the various ship' S gear cl3uld 
handle cargo were estimated as outlined  in Table G.6. 

TABLE G.6 - SHIP'S GEAR HANDLING RATES 
Unit cargo ,:ontainers/hr/ Other cargo 

~~ ~ ". 

(tons/hr/ crane (tons/hr/crane) 
crane 1 (20  ft conts) 

Frem Out Frem 0 ut Frem out 

(a> (b) (a> (b) (a) (b) 

Hybrid 25 20  (d) 8 (d) 6 50 40 
RO/RO(c> 
Unit 
loader(fl25  20 5 4 50 40 
LASH 30 30 5 5 40 40 

(a> Fremantle.(b)  Outports.(c) All 3 cranes operating at 
Fremantle simultaneously; any 2 cranes operating simultaneously 
at outports. (d) Vehicle  deck and deck  crane operating at all 
ports. (e> This figure includes flats, (f) 3 hatches 
operating simultaneously . at FrerrLant-le; 2 hatches operating 
simultaneously at outports, 

6.7 MATERIALS  HANDLING EQUIPMENT REQUIRED AT  PORTS 

National  Materials Handling Bureau  estimated  the number 
of fork-lift trucks,  tow tractors and trailers required  for each 
type of ship at  all the  ports. As an example, those for the unit 
load ship are given in Table G.7 below, for a typical  year, 1985. 
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TABLE G. 7 SCHEDULE OF MATERIAL  HANDLING EQUIPMENT REQUIREMENTS 
IN 1985, FOR UNIT LOAD SBIP'OPERATING AT SEA MODAL SHARE 

CORRESPONDING  TO CASE 1, TABLE F.l. 
(Number 1 

,-,! - I_ 

Port Fork-lift  trucks Tow 20 ton 
tractor trailer 

50,0001bs 20,0001bs 5,ObOlbs 

Fremantle 
Port  Walcott - wharf (a) - jetty 
Port  Hedland 
Broome 
Wyndham 
Darwin 

1 8 3 

2 
2 

4 
4 8 

(a) If a land-backed  wharf  is constructed, otherwise  jetty. 

G.8 STORAGE  REQUIREMENTS  AT  THE PORTS 

Applying the basic requirements given in Table 6.4, the 
total storage requiremegts at the  ports were calculated for all 

l ship  types.  Those for the unit  load  ship  are given in Table G. 8. 



TABLE G. 8 SCHEDULE OF TERMINAL  FACILITIES FOX VNIT L.G.42 SE";IPS 

Year Fremantle  Port  Walcott Port Hedlana 

- 
Out, Cov. Tot. Out, Ccv. Tot. Out. Cov. Tot. 
(a> (b) ( C )  (a> (b) (c> (a> (b) (c> 

1975 
1980 
198 5 

19 90 

11 3 6 8  181 39 
195 9 2  287 63 

254 104 358 90 

298 106 404 109 

21 60 40 23 63 

31 94 50 24 7ii 
35 125 65 26 91 
37 146 68 23 91 

Year Broome Wyndham Darwin 

Out, Cov. Tot. Out. Cov. Tot. Out. Cov. Tot. 
(a> (b) (c> (a> (b> (c) (a) ( b >  (c> 

1975 
1980 
198 5 
1990 

18 8 .  26 18 7 25 28 13 41 
25 10 35 25 10 35 40 16 SE 
39 14 53 26 8 34 67 22 89 
39 10 49 3 3  9 4 2  100 27 127 

(a)  Outside  storage. (b) Covered storage. (c> Total storage. 
~~ " 



CARGO HANDLING COSTS 

The  actual  cargo  handling  cost  incurred in a specific 
year is a  function  of  the  economies of scale  and the degree of 
labour  and  equipment  resources  utilization.  The  cost  varies 
significantly  over  time  (but  within a decreasing range) as 
capacity can only  be  expanded by large  discrete  units. However, 
for  simplicity,  the  derived costs were ultimately  reduced to S 
per  ton  cargo rate and  applied to all  sea  modal  shape  cases. 

H.l CARGO  HANDLING  COST  CATEGORIES 

H.l.l Port  structure  maintenance  was  estimated by allocating 
existing  costs on. a  ship gross regtstered  tonnage  basis and 

allocating 5% of initial  costs of additional  investment an S. 

tcnnage  handled  basis. 

H.1.f Covered  and  open  storage costs were  estimated i> J 

calculating  a  Unit  cost per unit area, allocating  the  cost pel. 
ton  throughput  over 15 years  with no structure  scrap valEe, and 
including 10% of  initial  cost  per year as a land rent, 

H.1.3 'ferminal infrastructure  costs  were  obtained by taking a 
base  management  cost  and  allocating  additional costs presently 
incurred on a unit  cost  per  ton of cargo  handled. 

H.1.4 Terminal  maintenance  costs  were  assumed to be 5% of the 
initial  capital  costs of the  storage  area  requirements, on a  per 
unit area basis. 

H.1.5 Equipment  capital  charges were estimated  assuming  a six 
year replacement  cycle, 15% scrap value, and  an 8% interest  rate. 
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H.1.6 Equipment  operating costs  were calculated Erwm 
presently  experienced .unit costs ,by estimating the theoretical 
annual utilization of the equipment and adding 15% to allow for 
breakdowns and intraterminal movements. 

H.1.7 Stevedoring  costs  were  calculated from an  hourly labour 
cost of $3.50 plus 50% benefit loading, 3 gangs working 105% of 
ship on berth time in  Fremantle and. 2 gangs working 115% at 
outports.  It was assumed gangs worked 56 manhours per shift. No 
attempt was made to estimate  the  costs of minimum guaranteed 
workirig time.Thus the caliulated  costs are marginally lower than 
those c'urrently  experienced at outports, 

The  unit cargo handling costs for the four ship types, 
by port  are  given in Tables H.1 to H.7. 
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TABLE H.l L: FREMANTLE U N I T  CARGO HANDLING COSTS 

Hybrid RofRo ilni t Lash 
Container  Load 

Port structure  maintenance 
Covered  storage  cozts 
Open  storage  costs 
Terminal  infrastructure 
Terminal  haintenance 
Equipment  capital  charges 
Equi w e n t  operating  costs 
Stevedoring  costs 

TOTAL 

.240 

.l23 

.085 

.l 07 
,086 
,346 
,237 

1.230 

.655 

.l 23 

.085 

.l 07 

.086 

.425 

.221 
1.311 

.240 .095 

.084 .084 
,061 .G61 
.l 07 .l 07 
.M1 .El 
.237 .l 97 
.248 .217 

1.647  1.635 

2,462 3.01 3 2,685  2.457 

TABLE H.2 - PORT WALCOTT U N I T  CARGO HANDLING COSTS 

(t per  ton) 

Hybrid RO/RO Unit  Lash 
Container  Load 

Port structure  maintenance 
Covered  storage  costs 
Open  storage  costs 
Terminal  infrastructure 
Terminal  maintenance 
Equi w e n t  capital  charges 
Equipment  operating  costs 
Stevedoring  costs 

.268 

.l1 8 

.l on 

.l 82 

.091 

.756 
,305 
2.031 

.787 

.l18 

.l 00 

.l 82 

.091 

.760 

.l 64 
1.437 

.268 

.085 

.059 

.l 82 

.060 

.a22 

.678 
2 .540 

.l 02 

.085 

.D59 

.l 82 

.060 

.501 
,502 

1 .613 

TOTAL 
~~ ~~~ 

3.851  3.639 4.694 3 .l 04 
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TABLE H.3 - PORT  HEOLANO U N I T  CARGO HANDLING COSTS 

(8 per  ton) 

Hybrid  Ro/Ro  Unit  Lash 
Container  Load 

Port  structure  maintenance 
Covered  storage  costs 
Open  storage  costs 
Terminal  infrastructure 
Terminal  maintenance 
Equipment  capital  charges 
Equipment  operating  costs 
Stevedoring  costs 

TOTAL 

.278 ,885 .278 .l 05 

.l 34 .l 34 .085 .085 

.l 02 .l 02 061 .061 

.l 81 ,l 81 .l 81 .l 81 

.077 ,077 ,061 ,061 

.549 .549 .451 .646 

.l 82 .D97 .303 .517 
1 .662 1.048 2.1 58 1.608 

3.1 65 3.073 3.578 3.264 
- 

TABLE H.4 - BROOME UNIT CARGO HANOLING COSTS 
(8 per  ton) 

Hybrid  Ro/Ro  Unit ' Lash 
Container  Load 

Port  structure  maintenance 
Covered  storage  costs 
Open  storage  costs 
Terminal  infrastructure 
Terminal  maintenance 
Equiprent  capital  charges 
Equipment  operating  costs 
Stevedoring  costs 

.285 

.l 42 

.l 06 
,238 
.l 03 
.g32 
.238 

1 ,567 

1.044 .285 .l1 5 
.l 42 .083 .083 
.l 06 .on .071 
.238 .238 .238 
,l 03 .064 .064 

1 .M2 -864 1 .S90 
.l 25 .220 -443 

1 .M5 2.289 I 1 .E93 

TOTAL 3.611  3.785  4.114  4.491 

. 



-H-5- 

TABLE H.5 - WYNOHAM U N I T  CARGO HANDLING COSTS 

(J per ton) 

q y b  * i d  30/b Unit Las!. 
I5ontainer  Load 

Port  structure  maintmance ,287 1.325 .278 .l 09 
Covered  storage  costs .033 ,092 .!l93 .083 
Open  storage  costs .:os .l 05 .071 .071 
Terminal  infrastructure .211 .211 .211 .211 
Terminal  maintenance .o?e .078 .064 .: 06 4 
Equipment  capital  charges .92e 1.287 .860 .B60 
Equiplent  operating  costs .238 .l 73 .220 .222 
Stevedoring  costs 1 .?G4 'l .245 2.658 1 .a65 

TOTAL 3.634 4.507 4.454 3.51 5 

TABLE H.6 - PORT WARRENDER U N I T  CARGO HANDLINS CCSTS 

( t  per  ton) 

qybrid ?@/RC Unit  Lash 
Container  Load 

Port  structure  maintenance 
Covered  storage  costs 
Open  storage  costs 
Teninal  infrastructure 
Teninal  maintenance 
Equipment  capital  charges 
Equipment  operating  costs 
Stevedoring  costs 

.2PO 

.i 05 
,205 
.OR5 
-625 
.l 99 

1.675 

. ~ dI , ," 
.830 
.l 28 
.l 05 
.205 
.085 
.625 
.l1 0 

1 .l 92 

.280 .l 05 

.OR4 .0b4 

.M5 .M5 

.205 .205 

.062 .D62 

.511 .738 

.251 -485 
2.310 1 .g21 

TOTAL 3.3: 2 S. 350 3.768 3.665 



TABLE H.7 - D A R W I N  U N I T  CARGO HANDLING COSTS 

Hybrid Bo/Ro Unit  Lash 
Container  Load 

Port  structure  maintenance 
Covered  storage  costs 
Open  storage ccists 
Terminal  infrastructure 
Terminal  maintenance 
Equi  paent  capital  charges 
Equipment  operating  costs 
Stevedoring  costs 

TOTAL 

.250 

.l 22 
,111 
.l 82 
.097 
.586 
.l 28 

1 .h67 

.g21 

.l 22 

.l11 

.l 62 

.097 

.673 

.l 43 
1 .893 

.250 

.078 

.D67 

.l 82 

.060 

.796 

.264 
2,540 

.l 05 

.078 

.067 

.l 82 

.060 

.64 6 

.354 
1.689 

2.943 4.1 42  4.237 3.1 61 



ROAD  TRANSPORT 

1.1 INTRODUCTION 

There  are  two  relatively  recent  studies  which  considered 
the  economics of road  trains  operating to the  north of Westerr, 
Australia. 

The  study  'Report on Road Transport COSTS Perth to the 
Pilbara Area' (M.C.G. Schrader, 1968) concluded  that the 
operation of double-bottom  road  trains to the  Pilbara  would  lower 
truck  operating  costs  from $58.10 per ton to $45.00 per ton (1968 
prices). These  costs  include fuel tax, sales tax and road 
maintenance  tax.  The  study  recommended  that  permissible over5,ll 
semi-trailer  length  be  increased  to  53ft  subject to a traller 
length of 35ft  and  that  double  bottoms  should be permitted or?, t1-s 

, North  West  Coastal  Highway  north of Northampton.  Provided t b t  
safe  operations  could be proved,  operation of triple  bottoms 
'under the  same  conditions as doubk bottoms  was  recommended. 

The  'Report of a Study  Group on Ways  and  Means c?f 
Exploiting  Economies  of  Scale  in  Road  Transport  Vehicles for 
Certain  Tasks  in  WA'  (Salter, 1970) recommended  the  operatior. of 

40ft  tandem  axle  trailers  in  conjunction  with a long  wheel 'rase 
prime  mover  (150in - 200in).  It  was  recommended  that  docble 
bottoms  be  permitted  to  operate  north of Geraldton and 
Meekatharra,  and  triple  bottoms  (maximum  length  145ft)  be 
permitted in areas  where  145ft road trains  (with  rigid prime 
mover and trailers)  already  operate. 

As a  result of the  two  studies  and  previous usage under 
permit,  certain  configurations  are  allowed (by  pernit) to operate 
over  certain  routes in the  north  as follows : 
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Articulated  vehicles  (a  prime  mover and a  semi-trailer) 
with  one  trailer and motor wagons  with  two  trailers,  both  with  a 
maximum  length of 100ft, can operate  north of Geraldton,  Mullewa, 
Wubin, and  Leonora  to  major  towns  in  the  north.  Articulated 
vehicles  with  two  trailers  and  motor  wagons  with  three  trailers, 
both  with an allowable  maximum  length of 132ft, can  only  operate 
north of  Carnarvon  and  Meekatharra  to  major  northern towns, The 
latter  categories  are  not  permitted  to  operate on the  Roebourne- 
Wittenoom- Tom Price-Paraburdoo-Nanutarra Road. 

A further  study,  'Report on Optimum  Axle  Load  Analysis 
for the  Pilbara  Region - September 1971' (Maunsell  and  Partners, 
4971) concluded  that : 

(a)  The  problems  of  tyre  and  vehicle design, and 
regulations  limiting  the  maximum  vehicle  'width 
place  a  probable  upper  limit  of  between 22 and 24 

tons to the  tandem  aAle  load.  Above  this  value 
vehicles  may  become  less  stable  and  a  greater 
hindrance. to other  traffic. 

(b) A tandem  axle load of 19 tons  is  the  minimum 
required  to  economically  justify  bitumen  sealing of 
the  inland  road  system. 

Research on the  economics of axle  load  is  being  undertaken  on 
behalf of the  National  Association of Australian  State Road 
Authorities.  The BTE is represented on the Road  Load Economics 
Steering  Committee  which  is  monitoring  the  axle  load research, 
Pending  the  outcome of that research, we  decided  not to consider 
axle  loads  greater  than 16 tons. 
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I. 2 TRUCK  OPERATING  COSTS 

1.2.1 References 

A questionnaire  was  forwarded  to  major WA trucking 
companies  through  the WA Road  Transport  Association in an attempt 
to  update  some  of  the  figures  derived in the  Schrader report. 

The  replies were interpreted in the  light of reference 
works  such as  'Cost  Functions  and  Optimal  Technology  for  Inter 
City  Highway  Transportation  Systems'  (Armando Lago , Traffic 
Quarterly, 19681, 'Economic  Analysis of Highways'  (Robley 
Winfrey), the Schrader report and  several more recen-5  highway 
ar,alyses. BTE also  used  published  lists of truck  and tyre 
performances  and  prices, fuel costs, etc. 

Taxes  were  deducted  to  enable  resource  costs to be 
identified. For example, road maintenance  costs  themselves woul5 
be  substituted for the road maintenance tax.  Vehicle 
registration,  trip  permits,  etc., have also  been  excluded. 

I. 2.2 AssumDtions 

As the  law  currently  stands, . the  number of trailers 
al.,lowed is  variable  in WA. Because of the  complexity of 
operations a3d the  difficulty of administering  this  arrangement 
in the  future,  we  have  assumed  that  single  bottoms  are  used to 
Geraldton  and Wubir; and double bo-ctons to all  points  north. A 16 
?on tandem axle load is assumed  throughout  although,  since we 
only  assume a 90% utilisation,  the  average  axle  load  comes  down 
to  approximately 14 tons.  Even  this  is  above  the  iegal  limit for 
roads south of Wubin  and  Geraldton,  but  because  overload  permits 
are  readily  available for through  loads to the  north,  it  was 
assumed  that no rearrangement of loads  would  be  necessary.  Given 
the  use of detachable  dollies (or bogies),  a change  from  single 
bottom  operation  south  of  Wubin  and  Geraldton to double  bottoms 
to the north can also be made  without  transfer of loads. 
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Truck utilisation and speed  of delivery is primarily 
determined by the number bf drivers  on the vehicle; although one- 
man operation leads to a lower  delivery cost, the deli-very t.ime 
is correspondingly longer.  It  was  assumed  that 'logistic' 
deliveries, because  of  their  greater  emphasis on cost saving, 
would  use one-man operation , whereas 'development deliveries, 
for which time is important, would use two-man operation. 

1.2.3 Capital  Costs  and Depreciation 

Power requirements were based on wind resistance (a 
vehicle  height of 12 feet was assumed), frictional losses of the 
engine and at the road surface, and average grade (assumed 
varying  between- 0 ~ 1 %  for the total trip to Pilbara). 

Given estimated  power requirements, list prices for 
trucks typical 0.f the types used  in  the north west, and the 
answers to the questionnaire, vehicle prices and average speeds 
were estimated. 

Truck  life  was  based on answers to the questionnaire 
giving an average 600,000 miles on bitumen and an estimated  half 
of this on dirt. In order to simplify  computing procedures, 
truck residual values, as given by the questionnaire, were 
transformed  i,nto  a  proportional increase of total truck  mileage. 
Thus, for example, a  quoted life 'of 450,000 miles with an 
associated residual value of $5,000 and $20,000 initial cost 
would  be  transformed into a  life of 600,000 miles with  zero 
residual value. 

Trailer costs were also  provided.  The life of a  typical 
trailer was  taken as'950,OOO miles on bitumen roads and 475,000 
on dirt. 

Given  initial costs and the lives calculated as above, 
capital costs  are  incorporated into the final linear programming 
procedures (Annex K) as a  variable  cost.  This simplification is 
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possible becaus'e investment in trucks is being  made contizzously 
in relatively  small  increments  compared  with  shi9s or pa:ltA;ay 
construction. 

For  oFerations  ihvolved in transporting  develDpment 
tonnages,  we  assumed  that  extra  trailers  are  available so that 
prime  movers carL go on working  unhampered by terminal  holdups. 
In logistic  operations,  this  cannot be  done  because the driver 
tends  to  stay  with  his  truck  while it is being  unloaded.  This is 
the  reason  for  the  differences  between  the cost-components of the 
logistic  and  development  operations,  shown  at  the  end of this 
Annex. 

The  number of usable  hours per  annum was determinec: by 
drivers'  hours.  This  is  the  reason  why  the  capital cost 
component of one-man  operation  is  higher  than for two-man 
operation. 

Insurance  costs  were take; from  State  Goverrmznt 
Insurance  Office  data  and  allocated  per  mile as indicated  above. 
Assumptions  iAcluded 33 1/3% no claim  bonus  and fire fig>-ting 
equipment  installed as a  necessary  precaution. 

1.2.4 Fuel  Consumption 

Fuel  consumption  depends on the brake  horse  power output 
and  efficiency  of  the  motor.  Estimates  have  been  provided of 
about four pounds of diesel per  brake horse power  hour  which were 
translated to gallons  at 7.2 pounds  per  gallon. 

The  calculations  were  further  based on taking  a  loaded 
and  unloaded rate, and  also  assuming  about 10 miles  per  hour 
speed  reduction on dirt as compared  with  bitumen. 

Comparisons of the calculated  figures with road 
operators'  experience  gave  good  correlation on bitumen  but  the 
dirt  estimate  appeared  too  high. An adjustment of 20% was 
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applied in this case to conform wit5 experience; the fuel 
consumption calculated in this  way  agreed with corresponding 
figures  Csed b51 the  Commonwei,lth  Bureau  of Roads. 

Fuel costs  vary  with  d%stance from port and it  appeared 
reasonable to assume an  average distribution cost of five cents 
per  gallon as an  increment  to  the  Perth  price. 

Bulk  buying  and discount, typically  up  to four Cents per 
gallon, ref  1ect  economies of scale. ‘Two cents  per . gallon was 
assumed. 

‘Tax on all forms of distillate is  approximately 17.5 
cents per  gallon. A typical calculation of resource cost. of fuel 
would  the be of the  form: 

(City Price), (Distribution)  (Discount)  (Tax)  (Resource  Cost) 
45 + 5 ” 2 -17.5 = 30.5 cents/ga.l 

I 2 5 Tyres 

The introduction of radials (steel cord)  over  the  past 
few years has  brought a considerable increase in tyre  life over 
most analysts’ predictions. 

Difficulty in assessing  variations of tyre life  on 
bitumen and dirt is increased because tyre  wear is proportional 
to speed. On the assumption  that  truck  speed  average was 10 mph 
less for dirt than bitumen with  the same load, theoretical 
calculation on a per  mile  basis from Armando  Lago  gave figures 
close to  the average  from all other sources.  The factor employed 
for tyre life on dirt is 60% of tyre life on bitumen. 

The lowest tyre cost given in response to our 
l questionnaire was three cents/mile for a semi-trailer  and the 

highest 9.6 cents for a 16 tyre combination, both on bitumen. A 
major tyre supplier has suggested  about three recaps per tyre and 

l 



60,000 miles  per  tread on bitumen.  This would give an extrercely 
low  cost  per  mile of .l45 cents pe- tyre. Assumkg a :xore 
conservative  single recap and a 15% ciscoun-t on bulk buying of 
new tyres, a  figure of ,183 cents  per  tyre  per  mile  was  derived. 

Operators  suggest  that  drive  wheels  sustain  greater  wear 
and  calculations on their  figures  give a 25% increased cost. 
Schrader has assumed  extra  heavy  duty  tyres  at 10% increased cost 
would  be  used.  The 25% increase  suggested by the  operators was 
used. 

Sales  tax has been  removed  from  the  tabled results which 
are shown later. 
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I. 2.6 Repairs and Maintenance of Trucks and Trai,iers 

for prime movers, oiling and greasing are generally 
taken as directly related to fuel consumption.  Survey of 
available sources of data indicated  that a lubrication cost of 
10% of fuel cost  would be representative. This, together with 
other repair and  maintenance costs derived from operator's data, 
c a m  to 6.25 cents per mile for a  prime mover hauling one trailer 
on bitumen.  This  cost is a function'firstly of road type and 
second,ly of the number of trailers hauled, reflected  mainly as 
power  requirement.  Operators' data suggested a factor of 2 for 
dirt  roads and factors of 1.4 and 1.7 for double and triple 
trailers respectively. These were the factors assumed. 

For trailers, operators' data was again  used. The basic 
costs on bitumen were assumed as 0.8 cents and 1.25 cents  per 
mile for semi-trailers and full trailer respectively, with a 
factor of 1.75 for operations on dirt. 

Because we are looking at resource costs, it was 
lvecessary to get a  breakdown of this figure into oil,  labour and 
component parts in  order to extract  the relevant taxes. 

The average labour  content  indicated by the results of 
the questionnaire was 48.6 per  cent. 3.5% payroll tax was 
subtracted from labour costs, and sales tax removed from the 
parts component. 



I. 2.7 Driver  Hours Pay, and Trwk EOUPLPS 

As mentioned  previously, truck utilisation is ~i fL:.nci.-tion 
of one-man or two-man  operation, This is reflected in t?,s "truck 
hours' column  in  Table 1.1. Overtime  payments  to  drivers are 
paid on a basis of hours  of  driving  in excess of t,he basic daily 
quota,  as  covered by industrial awerds. AlL time sperit  ir. the 
cab  not  driving, for two-man operation, is paid at the normal 
rate. These are the  bases of the estimates of driver  hours shown 
in Table 1.1. 

TABLE I,,1 - TRUCK EOURS DRIVEN P23 XEEK AND 3RIVER PAID HOURS 

Road surface  Truck  hours (a> Driver paid 
hours (b) 

One-man  Two-man One  --man Two-man 

Dirt 61.5 118.0 74.5 259.G 
Bitumen 69.0 133.0 86.0 298.0 

.- 

(a> About 8 %  has been  subtracted for refuelling, tyre checks, 
punctures,etc.  (b)  Equivalent hours at standard rate. 

I. 2,8 Overheads 

Most data  examined  indicated  that  overheads  were 
generally  calculated as a proportion of total  costs  excluding 
overheads.  Presumably  this  covers head office  expenses  such as 
management,  buildings,  pablicity  and  accounting.  It is not 
usually  clear  whether or ,not terminal  distribution is included. 



-1-10- 

A simplifying  assumption  Would  be  to  take  the same 

terminal  distribution  costs  per  ton for all  modes.  The scale of 
trucking  operations in the  north  west  is  such  that  the  line-haul 
vehicle  would  not be used for local  distribution,  and  large 
multi-load  consignments  would  probably be  left  at  a transit  area 
for subsequent  distribution,  just as in  railway or ' sl-iip 
transport.  Final  distribution  costs  within  a  port or mine  town 
were  therefore  neglected  for all modes. For trucks, ove6head.s 
were  costed  as 12% of total  costs  excluding  overheads. 

I. 2.9 Total  Truck  Operating  Costs 

Total  truck operat'ing  costs. are  detailed in Table I. 2. 
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TARLE 1.2 - RESOURCE  COSTS OF TRUCK OPERATION ON DIRT A!!8 ? I T M E N  ROAOS FOR GOODS ASSOClAlEO- 
WITH THE DEVELOPMENT OF A PROJECT ,AND FOR LO61511C SijPPORT -. 

!':en-ts per mile) 

cost Oi rt Ei+c;aer. - 
Development Logistics Oevelopent Logistics - - 

one man  two  men one m m  two men one man two ren one man t w o  men 

Fuel 
Tyres 
Repairs 8 maintenance - Truck 

ci 1 
labour 
parts - Trailer 
1 abour 
parts 

Oriver(s) 
-rages - allorances 
-overtime 

I nsurances 
overhead 

6.78 6.78 
5.35 5.35 

.76 .76 
5.31 3.31 
5.31 5.31 

0.63 0.63 
0.63 0.63 

k.8k k.84 
1.26 1.34. 
0.91 5.11 
0.73 0.38 
3.80 4.1 

6.78 6.76 
5.35 5.25 

.?E - .,,, qr7 

5.31 5.31 
5.31 5.31 

0.63 C.E3 
0.63 0.6: 

1 
) 12.99  117.73 
1 1 
0.95 0.47 
4.4 4.7 

\ 
i 

5.55 5.65 
?.l8 3.18 

.63 .63 
2.54 2.54 
2.54 2.54 

C.36 0.36 
0.35 0.36 

4.46 k.46 
1.06 1.10 
0.97 4.91 
0.50 0.3 
2.2 3.1 

5.65 5.C5 
3.18 3.15 

.63 .65 
2.51 2.54 
2.54 2.54 

0.36 0.35 
0.36 0.3 

Operating  corponent 36.33 40.54 43.11  47.6? 25.1 5 29.1 k 
Capital  component 9.c 9.0 12.9  12.8 4.5 4.5 6.4 6.4 

31.89 3F.2 

TOTAL 45.33  49.54 55 .91 60.47 29.65  33.64  38.29 - L..< c -J 

Fuel 
Tyres 
Repairs g maintenance - Truck 

oi 1 
labour 
parts - Trailer 
labour 
parts 

Driver(s) - rages - a1 lorances - overtire 

9.37 9.31 
9.62 9.62 

1.08 1.08 
7.42 7.42 
7.42 7.42 

1.65 1.65 
1.65 1.65 

6.37 6.37 ) 
1.51 1.57 ) 
1 .21 6.84 \ 

Insurance 1.kO 0.73 
Overhead 5.91  6.25 

9.37 9.37 
9.62 9.62 

I .oa I .05 
7.42 7.42 
7.42 7.;: 

1.65 l .E5 
1.65 1.E5 

1 
18.97 ) 25.46 

1.66 0.80 
6.89  7.19 

\ 

7.05 7.85 7.05 7.85 
5.74 5.74 5.74 5.74 

0.89 0.89 0.89 0.89 
3.55 3.55 3.55 3.55 
3.55 3.55 3.55 3.55 

0.93 0.93 0.93 0.Y3 
0.93 0.93 0.93 0.93 

5.36 5.36 1 1 
1.13 1.17 1 17.84 )23.21 
1.23 5.95 1 1 
1.05 0.54 1 .38 0.64 
4.35 k.64 5.3 5.59 

Operating  component 54.61 59.97 65.73 71.66 35.56 41 .l0 41.96 52.80 
Capital  colponent 14.8 14.8 19.3 19.3 7.4 7.4 9.7 9.7 

TOTAL 69.41  14.17  85.03  90.96  42.96  48.50 57.66 62.58 - 
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1.3 ROAD MAINTENANCE AND RESEAL COSTS 

From thefAustralian Road  Survey 1969-74' (specifications 
for the north west), the costs of maintaining roads per mile have 
b e m  estimated to depend on N, the number of heavy  truck passages 
per day, as  detailed in Table 1.3. In OUT calculations N has 
heen  taken  as  the equivalent number of single bottoms (25 ton) 
per day at 90% utilisation in the forward direction and  empty 
return. 

TABLE I. 3 - ANNUAL ROAD MAINTENANCE COSTS 
~ Surf ace cost 

($/mile) 

Natural l0 + 10N 
Earth formed 50 + 20N 
Gravel 350 + 11N 
Sealed 12 ft 200 + 2.6N 
Sealed 20,24 ft 150 t 2.2N 

Resealing  is  carried out at approximately ten- year 
intervals at the following cost : 

width 12ft 20ft 24ft 
$/mile 2,460 4,100 4,925 

~ This is minimal for  roads north of Geraidton - Meekatharra. 
I. 3.1 Road UDnradine - Cost and Benefits 

A table of construction costs for improving all road 
links in the north  west was  provided by the Main Roads Department 
and included  marginal costs of formation, pavement, bridge 
construction and final sealing to 20 ft and 24 ft widths. 
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The  community  savings  from  improvement  are in -~:,::.PJ: 
costs (see  Table 1.21, road  maintenance,  accident reduction, and 
user  time  savings.  Costs  to be borne  are  initial  capital  cost 
and resealing. 

The  truck  operation is interesting  in that sealing a 
dirt  road  actually  creates  'excess'  capacity  because  greater 
annual  truck  mileage can be  achieved on bitumen. If a road  link 
under  consideration  were  treated in isolation the nornally 
continuous  influx  of  capital  to  replace  worn  vehicles  could cease 
for a  period of time, according to the  following  reasoning. 

Assuming  static demand, N Ld/2 is average 'tori-miles' of 
truck  available at changeover time, where 

N = No. of trucks 
Ld Life of truck in ton-miles  on  dirt. 

At the  change,  average  life is N Lb/2 (Lb = life  on 
bitumen in ton-miles) 
Then  excess  capacity is N X (Lb-Ld)  ton-miles 

2 

This  could  be  used  up  in (Lb - Ld)/2Tb years where Tb is 
ton-miles  per  annum of a  truck on bitumen. Td is ton-miles  per 
annum of a  truck  on dirt, 

Initially,  only N X Td/Tb trucks need  be  used  to carry 
the full load on bitumen. If this  figure  contains  only  the 
newest  trucks the first  will wear out  after (i - Td)Lb/Tb  ton 
miles - this can immediately be replaced by the newest stored 

truck  etc.  The  number of years before  acquisition of the next 
truck  is now : 

2 (1 -Td) Lb X 1 years. 
L 

Tb 
- 
Tb 



l 
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On  figures  for Td, TB, Lb, Ld,  etc, it appears a gap of 

about 2' years in investment  should be allowed for the steady 
state transfer from dirt to bitumen on any one road section. 
This deferment represents a benefit which is to be accounted  for 
in determining  whether a road  should  should be bituminised or 
not . 

1.3.2 Road Improvements - Theory and Timing 
Because the imposition of many conditional changes  are 

inimical to the linear  programming concept, it was necessary  to 
study the possibility of changes in road  surface  during  the time 
scale of the stu'dy. 

l The criteria  used for changing  the  road conditions are 

l of the  road  link  plus  an  annuity  made  up of capital  upgrading and 

that the new  truck  operating  and  road  maintenance costs per inile 

peseal  costs  discounted  at an acceptable rate should be less than 
the  equivalent  current  truck  and road operating costs per year 
per mile. An allowance  must also be made for deferment of  truck 
renewal, as discussed  in the previous  section. 

The following relations are employed:- 

Capital cost of  bituminising  and resealing (Cb) is 
approximately twice that  for  upgnading  to a gravel 
surface (Cg). Thus Cg = 0.5Cb. Truck operating costs 
on gravel (Tg) are midway  between those for bitumen, (Tb) 
and  dirt (Td). Thus 2Tg = Tb + Td. This relation is 
discussed in Winfrey  and  Lago  (see above). With the 
relationships it becomes  possible to study  the relative 
merits of upgrading to  gravel ... 1 and bitumen ... 2 at 
any  given  volume of traffic. 

Cg + Mg + Tg 5 Md + Td . .. .l 
Cb + Mb + Tb g Md + Td .. . .2 
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where C is the capital  annuity for g = gravel and I: 

bitumen, M is the  road  maintenance  cost  per mile per 
Year for g, b  and d (= dirt 1 and T is the truc]c 
operating  cost to carry  the  year's  tonnage  over one Xile 
for g, b  and  d. 

If .,.l is justified,  the  postulated  relationships give 

Cb t 2Mg c 2Md t 2Td - 2Tg and  since 
Mg is greater  than Md (Table 1.3) and 
2Tg = Tb + Td then 
Cb + Mg 6 Md + Td - Tb 
Now  Mb  is everywhere  less  than Mg therefore we can 
restate .. .l , the  condition  that  upgrading  to  gravel .is 
justified, by 

Cb + Mb 6 Md + Td - Tb which, on rearrangement Is 
exactly  the  condition  required to justify  bituminising. 
This  precludes  gravel  improvements  from  our  model. 

The  model  was  exercised on all  dirt roads actual and 
envisaged in the  study  area.  Minimum  annual  tonnages  that wou3.d 
justify  sealing  were  calculated; the major results appear in 
table 1.4. From  this  table  and  a  prior  knowledge of the amounts 
of  freight to be  moved  along  the  various  sections,  it is ap2arent 
that  the  -only  roads  needing  a  seal in the  time  frame to 1990 
would  be  Meekatharra - Mt  Newman  and  Nanutarra - Port  Hedland, 
both of which  are  planned to occur  before or early  in  the  study 
period on present  indications. No  c-ther major  road  approaches 
the  justification  with  indicated  tonnages  available  and  all  are 
assumed  to  remain in their present  state. 
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67 

113 

TABLE 1.4 L- MINIMUM  ANNUAL  TONNAGES ON CERTAIN  ROADLINKS 
TO SUPPORT 'SEALING ON, ECONOMIC GROUNDS 

I, i i-.ik Link Minimum 

length tonnage 

miles '000 tons 
Torn Price 
- Wittenoom 
Wittenoom 
- Mt Newman 
Roebourne 
- Wittenoom 16 3 
Wittenoom - Port  Hedland 171 
Nanutarra - Tom Price 179 
Port  Hedland 
- Mt Newman 221 10 7 
Mt Newman 
- Meekatharra 311 67 
Port  Hedland 
- Goldsworthy 43 13 9 
Goldsworthy - Broome 322 75 

i 112 

l 

103 

71 

77 

94 



J a l- SO ST DATA 

WAGR pricing prac:."_c.: %, i.- general, to  use  the  same 
rates for like cmmodities o-!r=:- ~;f*,-.z~ dlstances  throughout the 

whole  State.  But  where the?-,e is szrong competition  from other 
modes,  as  in  seeking  freight f c ~ r ~ ~ ~ ~ ~ d ~ ~ ~ ~ ~ ~ ~  business  to the Filbarz 
and Kimberley,  special n,or?tract r.a+es may  be  struck ::si-:l=- 3 
incremental  costiKg as E: basis. 

Consistent with the res--.-_.-,~:s cost  approach  adopte2 in 
this report, incremental ??aI-.xs!: cr;ats (corresponding to the 
postulated  capacity cr' the rail lick Imder consideration) w e ~ s  
caLculated  as a linear functicn cf tonnage flow along  each  link. 
The adjustments  nade to both the cc.pitz.l and  inc:l?em:?ntal cost 
components  provided by WAGK are  detailed later in this  Annex. 
For convenience of analysis,  the WAGR upgrading  and  constructj-on 
alternatives were rearranged i n t ~  an  equal  number of self- 
sufficient  and  internally consiste.nt raii options.  Tables J.l to 
J.5 show the ca;Jitsl expendita-<:s for the WAGR alternatives. 
Table J.6 summarises how WAGR alternatives were arranged  into BTE 
rail options.  The  timing  and  nagnitude  of  the  capital  investment 
following from the BTE rail :;>~isns were then  calculated  directly 
from the WAGR data. 

8.. 



TABLE J.1 - CAPITAL  EXPENDITURE FOR WAGR ALTERNATIVE 1 
Expenditure Year  Without project 1 A  - 250.000 tons P.a. 1 B  - 500.000 tons p.a. 

to  to Via M to Geraldton Via NR to  Meekatharra Via MR to Geraldton V i a  NR to Meekatharra 
Geraldton  Meekatharra 145,O"tons p.a. 105,000 tons p.a. 290,OOO tons p.a. 210,004 tons p.a. 

Rolling  stock I'm $'m S'ooo 0'0oo S'OOO S ~MIO - new 1975 .- - 1 ,l 36.0 1,572.0 3,271 .O 4,689.0 - replacement  for  current  capacity 1980 - - 700.0 350.0 700.0 350.0 - replacement  for  current  capacity 1985 - - 245.0 353.0 245.0 353.0 

Total m1 1 ing stock 
Way and rorks (a) 1975  170.0 

1976 170.0 
1977 400.0 
1979 - 
19% 

1981 - 
1982  100.0 
1984 - 
1985 
1986 - 
1987 300.0 
l988 - 
1989 - 

4,Mo.O 
4,200.0 
2,300.0 

1 ,oo[).o 
83.0 

- 

2,081 .o 
340.0 

400.0 

100.0 

- 
- 

2,275.0 

5,830.0 
4,200.0 ....,. 
1'820.0 
1,000.0 
830.0 

- 
550.0 
500.0 

4,216.0 

874 .O 
5,392.Q 

6,146.0 
4,200.0 
2,050.0 
1 ,ooo.o 
830.0 

- - 
550.0 
500.0 

4 
I 

h) 
I 
I 

Total  ray and rorks 1,140.0  12,530.0  1,140.0 14,730.0  1,674.0  15,276.0 
~ 

TOTAL 1,140.0  12,530.0 3,221 .O 17.005.0  5,890.0  20,688.0 

(a) Way and works capital costs  also include an  addition on sleeper  renerals of $30,000 p.a, on the YR and $50,200 p.a. on the MR for the 500,000 ton project. 
- KTE: In this table, Droject costs have not been distributed over  the  construction periods. 



TAbLE J.2 - CAPITAL EXPENDITURE  FOR WAGH  ALTERNATIVE 2 
Erpendi ture  Year 2A - 500,000 tons 28 - 750,000 tons 

Via MR to Geraldton Via NR to  Meekatharra Via htR to Geraldton Via NR to Meekatharra 
290,000 tons p.a. 210,000 tons p.a. 435,000 ions p.a. 315,000 tons p.a. 

Kol ling stock 9 '000 t '000 5' 000 $ ' 000 
- new 1975 3,514.0 5,496.0 5,319.0 8,227.0 
- rep:acenent for  current  capacity I sa5 238.0 360.0 238.0 360.0 

Total roll inn  stock 3,752.0 5,856.0 5,557.0  5,597.0 

Way and works (a) 1975  11,500.0 0,125.0 11 ,r700.u 8,115.0 
1976 - 3,17!1,0 - 3,000.0 
1977 - 1,760.0 - 1,750.0 
1 !l7 H - - - 
1982 - - - - 
1907 - - - - 

Total  ray and works 11,500.0  13,775.D 11,7OO.O  13,775.0 

TOTAL 15,252.0 19,631 .o 1 '7 ,2 5'1 .(l 22,362.0 

(a) P a y  and works  capital  costs  also include 311 addition  for  sleeper  renewals of tb3O,OoO p.a. on the blR and &50,%00 on tile IOullewa-Ii~ekatl~nrra line, for both tonclage 
levels. 

- !!?:E: In this table,  project costs have not been  distributed  over the construction periods. 

W 
I 



TISLE J.3 - C:PITIL E'PEY3ITU8E FOR :!\$R 4LTERNATIVE 3 

Expenditure  Year 3A - 250,000 tons 38 - 500,000 tons X - 750,000 tons 
To Geraldton TO Newman To Port  Hedland To Geraldton To Newman To Port  Hedland To Geraldton To Newman To Port  Hedland 
50,000 tons 20,000 tons 18,OOO tons 75,000 tons 40,000 tons 385,000 tons 100,000 tons 60,000 tons 590,000 tons 
S p000 $'m t'000 $'OM O'OOO S 'ooo $'ON S'OOO S ' 000 

Rolling stock - ne# 1975 . 786.0 588.0 6;771 .o 1,099.0  1,260.0  13,426.0 - replacements 1985 
1,398 .o 1,824 .O 

77.0 
20,346.0 

57.0  658.0  67.0  77.0  817.0 66.0 85.0  954.0 

Total  rolling  stock 863.0 645.0  7,429.0 1 ,l  66.0  1,337.0  14,243.0  1,464.0 1 ,g1 0.0 21,300.0 

(Mullewa- (Kewdale- (Mullera- ' (hrullewa- (Kewdale- (Mullewa- (klullewa- Kewdale- (lullewa- 
Geraldton) Alulleua) Port  Hedland) Geraldton) frlullewa) Port  Hedland) Geraldton). Mullewa) Port  Hedland) 

#ay m d  works (a) 1975  100.0  37,025.0  100.0 200.0 37,095.0  100.0.  4oa.o 
1976 
1977 
1978 

37,315.0 
3,900.0 3,900.0 
2,000.0 2,390.0 2,000.0 

2,390.0 I 
1979  2,390.0 

4 
I 
F 
l 1980 

1981 

1994 
1986  1,450.0 
1987 

1,450.0 

1982  1,450.0 

5,820.0 

T3tal w l y  and horks 100.0 3,840.0 42,925.~ 100.0  9,860.0  42.995.0 100.0 10.060.0 
T3TAL 

5,820.0 

953.0 
43.215.0 

4,485.0  50,354.0  1,266.0  Ti',197.0  57,238.0  1,564.0  11,970.0  64,515.0 

(3) i'3y 2nd w?rks  c31it31 costs also  include  an  addition  for  sleeper  renevals of $23,000 P.a. on  Kewdale-hrullewa  and $27,000 p.a. on  Mullewa-Meekatharra,  at a l l  tonnage levels. 

- 'OTE: 11 ''is tat'e, project costs ' w e  Gat been distributed over the  construction periods. 



TABLE J.4 - CAPITAL EXPENDITURE FOR WAGR A.!.TERNATIVE 4 
.. - 

Expend i t  ure  Year 4A - 250,000 tons 46 - 500,000 tons 4C - 750,000 tons 
TO Geraldton To Mt Newman To Port  Hedland To Geraldton To Mt  Newman To Port  Hedland . To Gerallton To Mt Herman To Port Hedland 
50,000 t c x  20,000 tons 180,000 tons 75,000 tons 40,000 tons 395,000 tons 100,000 tons 60,000 tons 590,000 tons 

Roll ing stock S'OOO S '000 B'OOO t'ooo t'000 t'ooo B'OOO $ '000 t '000 
- new 1975  653.0 573.0 F,103.0 1,051 .O 1,024.0 11,397.0 1,415.0 1,473.0 1 E,759.0 
- reolacements 1985  70.0 62.0 660.0 72.0 70.0 784 .O 76.0 79.0 933.0 

Total  rolling  stock 723.0 635.0 6,763.0 1 ,l 23.0 1,094.0 12,181 .o 1,491 .O 1,552.0 17,662.0 
(Geraldton- Kewda I e- 
Port Iiedland) Geraldton) 

(Gcraldton- (Kesdal e- (Sera1 dton- 
Port Iledland) Geraldtcn) P o d  Heiiland) 

W a y  and norks  (a) 1975  10,580.0 '/I ,345.0  11,050 71,34!i.O 11,250.11 71 35.0 
1976 
1977 
1978 
1982 
1907 

latal w a y  and  works 10.850.0 71.345.0  11,O50.0 
TGTAL - 11,573.0  635.0 78.108.0 12.173.0 l,UY4.0 83,526.0 12.741 .O 1,552.0 ?1.3G'i.0 

" " 

71.345.0  11.250.0  77.345.0 ~ 

(a) Avyidnble u a y  and  works  costs  (capital) of $113,000 per  annum for sleeper  renewals on ~~ullewa-ineekaih:lrra l i n , ?  also  taken into  account i n  costing. I 

!,IOTES: Credit has been allowed in the  costing  for  avoidable  track  costs  arising  from  the  closure of the  Mullera - Meekatharra  line but as an expedient it has  been a s s m e d  that other 
4 
I 
U1 
I financial  effects of the  closure  of  this line would cancel out. Capital  costs of the  connection from Ueld Range to Meekatharra  are all  attribute?.-to  North  lest  Traffic. 

Project  costs  have  not  been  distributed  over  the  construction  periods in this table. 



T I N E  J.5 - CAPITAL EXPE#DITIJRE FOR WAGR  ALTERNATIVE 5 
Expenditure  Year 5A - 500.000 tons 58 - 750.000 tons 

To Geraldton To Mt Newman To Port Hedland To Geraldton To Mt Nevma- To Port  Hedland 
75,000 tons 40,000 tons 385,000 tons 100,000 tons 60,000 tons 590,000 tons 

l'ow S'ooO t'W I'OW t '000 t'000 
Roll i ng stock - new - fiplacenents - replaceneots 

Total rolling  stock 

1975  9,231 .O 13,M4.0 
1985  21  3.0  293.0 
Var. 3,346.0 Cr 3,346.0 Cr - 

6,346.0 9,961 .O 
Kegdale- 
Geraldton 

Seraldtorl- Kewdale- 
Port Hedland Geraldton 

Geraldton- 
Port  Hedlznd 

iay and rcrks !a) 1975  25,700.0  71,365.0 25,900.0 71,365.0 
1 97E 
1977 
1978 
1982 
1987 " _ _ _ _ " _ ~ _ ~  

Total  ray and works 25,700.0  71,365.0  25,900.0  71,365.0 
TOTAL 

25,700.0  6,098.0  71,365.0  25,900.0  9,961 .O 71,365.0 
"P - 
"" " 

fa)  lapital  costs for sleeper renera!s i.e. $113,000 p.a. avoidable  with  closure of tifeekatharra-Mullera line, and $30,000 p.a. to 1990 decrease and $62,OOO p.a. increase 
from 1990 on Millendon - Utakarra section, also taken  into  account in costing. 

tj3TE: The rolling  stock  capital  expenditure  credits  above  are for replzcenents of existing narrow gauge  rolling  stock which were assumed to be avoidable it an average t i m e  - 
of 1935. In this table, project costs have not been distributed  over  the  ccnstruction periods. 



A 1  A2 El 12 C1 c2 c3 01 02 03 El E2 
- 

TO N H G E  LE!'EL ?50,000 500,000 500,000  750,000 250,090 500,000  750,000  250,000  500,000 750,OM 5OC,COO 750,000 

A?DITI@NAL  TRAIN 5x900  1Cx990 2~600 2x600  8xli370 1 5x1 070 22x1 070 5x1 070 14x1 070  21 XI 070  6x2080  6x4200 
LOADS PER  NEEK ("R (MR) 1 3x1 070 21 ~1070 (K-hlu) (K-Mu) ( K-MU) (K-G) (K-6) ( K-G  (.K-f;it Pi) (K-Mt W) 
(TCNS GRCSS) FOR (G via MR)(G via LR) 
PI LBARR 3x850  6x950 4 xl500 3x1070 3x1070 2x600  2x600  2x600 

" 

(K-Mu) (K-MU) 14x1500  13x780 (Mu-M) (Mu-G) (Mu-G) (K-G) (K-G) ( K-G 

2x1 120 5x1 120  3x3300  10x1 500 15x1 500 5x1 950 6x1 350 5x4920 
(Ku-l) (Mu") 8x11 50 (M-Mt M) (MU-[) (Mu-h',) (G-MT N) (G-Mt N) (C"M t i )  

(M via MR)(G-Rh) 

(Mu") 
6x3300 6x6600 1 x2460 
(M-Mt N) (M-Mt N )  (G-hlt N) 

" 

I'ilTHOUT PROJLCF hlH/NK MR/NR MR/MR MR/MR NK/Mu-PH biR/Vu-PH NR/Yu-PH MR/Mu-Pt PR/Mu-PII biR/Mu-PkI MK/Mu-PII Lili/hlu-P!I 
(S!'PT?,\CTES) (1 1 (1 1 (2) (2) ' (:) ( 3) (3) (2, 3) (2, 3) (2, 3! (7, 3) (2, 5) 
R?-RA I L 

I 

I 
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forwarding  agents  would n'rake up wagon lejads 

a  negligible proportion of freight  would be handled as 
less than  wagon  loads 

bogie  wagons would' be used 

average  loads  on  narrow  gauge  would be 2 G  tons per  wagon 
and on  standard gauge, 4 c! tons. 

J. 2 INCREMENTAL  RESOURCE LOSTS 

The  annual  incremental costs provided  by  WAGR were 
transfo:*med into  incremental  resource  costs  using  the  following 
formula: 

MC 1 = TC 1 t 0.843 RS t 0.968 S t SH t 0.978K + 0.95OV 
1.035 1.035 

where 
MC1 = incremental  resource cost on  WAGR  track 
TC1 = train crews (WAGR) 
RS = r.olling  stock  (fuei and maintenance) 
' S  = station (handling,  clerical etc..) 
SI3 = shunting and marshalling 
W =  way and  works  maintenance 
v =  variable  overheads. 

These  adjustments  correspond to removal of taxes from the  various 
components,  consistent with the  approach  adopted 311 ships and 
road  costing. 

For those  routes  using  the M-t liew~nan to Port HedlanZ 
link, there  were  additional  charges. In these  cases the 
following  equation  was  used to determine  the  jncremental  resource 
cost for both WAGR and  mining  company  track (MC2 1: 
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MC2 = MC1 + 0.80 C 

where C is an estimate of the charge nade by  the  mining  company 
on WAGR for the  use of the Elt Xewnan to Port  Hedland  line. 

The. incremental  operating  cost for each route section 
for  a  particular  freight  level was then  divided by the specified 
tonnage  carried for that  route  se’ntion  to  obtain  a resource cost 
per  ton.  This was the  incremental cost used in the linear 
programming  procedure  described  in  Annex K. 

5.3 CAPITAL COSTS 

The  lives of the  various  classes of equipment  making  up 
a  capital  investment were assesed by WAGR as: 

rerailing 30 years 
new track - 40 years 
terminal  works - 30 years 
mlling stock - 25 years 

The .costs of building  new  track were distributed  in time so that 
they  represented  a  feasible  expenditure  profile : 10% was 
allocated  to  the  first  year of the  particular project, 10% to the 
second year, 60% to  the  third  year  and 208 to the fourth and 
final  year.  The  aggregated rail capital injecTions Tor projects 
starting in 1975  are  shown  in  Table 5.7. Similar  calculations 
were  made for 1976, 1977 and  1978  starting  dates. 

In the  options where more than one new rail link  is 
required (D1, D2, D3, El, E2), the  capital  expenditure was 
staggered so that  the  first year’s expenditure on one  major  link 
coincides  with  the  final yeaxi’s expenditure  on the preceding 
link. 
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" TABLE .. J.7 - AGGREGATED A O O l T l O ~ A L  R A I L  CAPITAL_II?JECTIONS  (ABSOLUTE) FCR PROJECTS STARTING I N  1975 

( g  Million) 

Year 
Oi' AI A2 B1 B2 C1 c2 c3 D1 02 03 E l  E2 
Expnrld 

1974 ,000 ,000 .OOO ,000 3.746 4.479 5.227 3.936 4.669 5.417 4.559 5.417 
1975 4.508 10.61J 22.165 26.901 14.916 23.559 32.510 13.491 14.825 16.175 12,175 16.906 

~- v 

- NOTE: Capital  injections  are  additional  to  those  involved in the 'without project' case; negatives (-) 
indicate  expenditure in the  "without project' case  with no expenditure  for  the  relevant rail  option. 



5.3.1 Capital  costs of new rolling stock for new track 

The expenditure on new rolling stock for the new rail 
links was staggered in the same way  as for other capital classes 
(Table 5.8). The capital costs of new r.olling stock in 1975 and 
replacements in 1985 for options Cl, C2, C3, D1, D2 and D3 are, 
in each case, the sum of the capital costs given for new rolling 
stock required for Perth to Mt  Newman  and Perth  to  Port Hedland. 

The capital cost of r,ew rolling stock in 1975 and 
replacements in 1985 for options El and E2 are taken directly 
from the information sheets provided  by WAGR. 

5.3.2 Residual  value of  rail capital injections 

To make due allowance for asset lives extending beyond 
the study period, the capital flows were treated  as follows. The 
particular asset undei- consideration was assuned to be maintained 
i3 perpetuity by replacing it  each time its life ended.  This 
generates  a certain cash flow. A second cash flow  was postulated 
as arising from an initial renewal of the asset in  the 
following the last year of the study period, foll-owed by a 
corresponding set  of cash flows arising from maintenance in 
perpetuity. The difference between the discounted values of 
these two cash  flows is the residual value of the asset at the 
end of the study  period. The residual value is thus determined 
from the following formulae: 

PV = PV1 - PV2 
where PV = Present value (1 Jan 1972) of the residual value of 

the asset  at the end of 1990. 
and PV1 = Present value of  the capital stream if  the asset is 

replaced at the termination cf  its economic life cycle. 
PV2 Present value of the capital stream if the asset is 

replaced immediately following the end of  the 
evaluation period (1990, the 16th year of the  study 
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’I ex- 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1983 

1984 

1985 

1936 

I997 

I988 

I989 

~ 990 

3A 

X 1 

1 X 

6x1 
2x 1 

al 

38 

Rail Options 
” 

3c 

x3 
X 3 

6x 3 

2x3 

a3 

4A 1 48 

I 

l 

x3 
X 3 

6x3 
2X3+Y3 

y3 

6y3 

2y3 

a3 

b3 

l 

x2 

2X*+Y2 
6x2 

X 2 

l 
y2 

6y2 
2y +z 2 2  

2x.+y 

y3 

6y3 
2Y3+Z1 

EZ3 

2z3 

3 3  

23 

33 

0 3 

C 3 

!I1TE: tollowing syrnLols ;re used - - 
X X?, X3, are  each 10% of  the  total  new  rolling  stock  costs  for  the  alternatives 3A, 38, X ,  

respectively,  Meekatharra  to Mt Newman. 

y1 2 3 , y , y , are  each 10% of  the  total  new  rolling  stock  costs  for  the  alternatives 4A, 45, 4C, 
respectively, Mt Newman to Port Hedland. 

z2, z3, are  each l o g  of  the  total  new  rolling  stock  costs  for  the  alternatives 5A, 58, 

respzttively,  Perth  to  Geraldton. 

a b. C., are  rolling  stock  replacement costs. i ’  1 ’  1 



period)  and then at  the termination of its economic 
life cycle. 

Where A = value of the capital injection 
n life of the asset pertaining to the capital injection 
m = year of initial investment under strategy 1 (1973 = 1) 
i discount rate 
k 18, time from base year (1972) to  end of study period 

(1990). 

The present  values of rail capital assets, net of the 
discounted residual values, were calculated for four years of 
initial investment, namely 1975,  1976,  1977 and 1378. These 
figures are in Table J.9. 
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TABLE J.9 - PRESENT V A L U E  OF R A I L  CAPITAL ASSETS 
($ million) 

Discount  Project 
rate Comntenc , 

AI A2 B1 B2 Cl c2 c3 01 02 03 El E2 
ca J ,5 1975 3.110  ,7.185 13.095 16.062 26.470 36.648 46.686 37.932 45.072 52.301 53.055 63.55@ 

1976 2.108  5,813 11.178 13.905 23.323 23.429 41.543 33.465 39.873 46.361 46.630 56.031 
1977 l.l6!j  4.507 9.356 11.851 20.326 28.412 36.643 29.211 34.921 40.705 40.510 48.963 
1378 .284  3.263 7.580 9.894 17.472 24.585 31.977 25.159 30.206 35.317 34.582 42.03F 
" 

Discaunt Project 
rate Commenc 

" 

AI A2 B1 82 c1 c2 c3 01  02 03 El E2 
.rn I ;o 1975 3.110 7.201 13.277 16.291 27.283 37.397 47.424 39.010 46.018 53.114 53.620 63.915 

1976 2.000 5.675 11 .l43 13.847 23.702 32.656 41.649 33.964 40.182 46.479 46.538 55.652 
1977 ,974 4.249 9.148 11.563 20.356 28.225 , 36.251 29.248 34.728 40.278 39.920 47.929 
1978 .061 2.916 7.284 9.429 17.229 24.084 31..207 24.841 29.651 34.483 33.733 40.712 
" 

Discount ?rrrject 
rate Commenc 

'Os 1975  3.049  7.087  13.296  16.272  27.528  37.369  47.197  38.955  45.64E  '52.422  52.167  62.183 
1976 1 .E00 5.358  10.817  13.438  23.583  31.948  40.595  33.207  09.043  44.943  44.553  53.092 

AI A2 E1 B2 Cl c2 c3 01 02  03 El E2 

1977 .674 3.786 8.663 10.861 19.615 27.020 34.593 27.982 33.031 38,145 37.145 46.827 
1975 .340 2.357 6.514 8.518 16.189 22.539 29.137 23.232 27.571 31.965 50.933 37.313 

-" ." 

- NOTE: Present values are  net of residual values. 



When the costs of various transport options and 
strategies have been identified, the problem of finding the least 
cost option may  be formally represented as  an exampie of the 
'warehouse allocation' linear program.. The solution to this type 
of problem has been subject to much theorising and curreritly the 
most readily available computer solution is by the Sinplex 
algorithm. Some insight on this  method will be  obtairied frox 
'Principles of Operations  Research' Wagner, 1969 (paras. 3.3, 
3.4, 4.4, 6.4, 7.2, 7.3, 13.2, 13.3, 13.5). 

K. 1 THE PROBLEM 

In general, the 'warehouse problem' has supply centres 
and  demand centres for variods products. The objective is t.c: 
minimise  delivery costs by judicious selection of supply centres 
and transport links. Furtner complications may be added by 
including fixed set-up costs for possible  new warehouses. This 
takes the problem into the realms of mixed integer programming, 
i.e. the set-up cost is either wholly included or wholly 
excluded. 

L. 

The 'warehouses' are taken as  Perth and Adelaide, and 
the supply  points  are  various nodes (towns and ports)  in the 
north %est  as  described in the text. Transportation of two 
products (described as 'development'  and  'logistic') is provided 
by road, rail and sea links vhich each have an operating m s t  per 
ton of product  carried. The various rail options are Kutually 
exclusive (see Annex J> . A rail option is an  investm~nt of 
capital, discounted to 1972, which provides a prescrib2d level of 
service (cost arid capacity) over the study period.  This gives 
the mixed integer component of the linear program. 

The road options (upgrading and re-routing) have been 
dealt with in Annex I. 
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The sea component has been reduced, by the  ship study 
(Annex F) to one option for each of seven share proportions of 
total cargo assumed captive to sea. A continuous function of 
ship costs over the whole spectrum of  cargo loads would have 
allowed for neater solution but, because each quantity of cargo 
requibed new scheduling ,arrangements, this refinement was 
impracticable. 

K.2 REFINEMENTS TO THE PROBLEM 

An additional complication was the annual capacity on 
each rail link, which gave restriktions over each of  the sixteen 
years of the study.  Running costs were discounted at three 
rates. Another refinement was the provision for a rail link from 
Mt Newman  to Dampier if and  only if a standard gauge upgrading 
was available to Mt  Newman. 

The final aim. was to find  the  best rail options, given 
various  proportions of total freight~to land, but  initially the 
linear program was solved by allowing any fractional combination 
of rail options. The fractions were constrained such that their 
sum was equal to unity, e.g. the 'best ' rail option initially 
computed  might give 0.5 of a standard  gauge upgrading plus 0.5 of 
the status quo.  This  method  gives a lower bound to the cost of 
the final solution and an indicator as to the size of rail option 
that will ultimately  prove to be the most effective but, of 
course, split options such as this are not physically meaningful. 
The logic of changing from a split option to the best  single 
option is transparent to the observer but imposes considerable 
difficulty on the computer. 

A continuation into this phase is known as a mixed 
integer program  (some  variables are constrained to integer 
values, which in this case means one option out of 48 may'be 
selected  but then temporarily  no other is considered).  One 
technique for solving this type of problem is known as the 
'branch  and bound' method. This involves putting, sequentially, 
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each of the, relevant variables to an allowable intcgcr v(31ue, 
minimising the problem  at each step (or node as it is called) and 
keeping a tally of the results. Along this particular branch a 
solution (in which all of the variables are integral) is Einally 
reached, to give  a  bound to the problem. This  bound is feasible 
but not proven to be the best. The nodes are then retraced 
testing to see if by putting the variables to othhr possible 
integers a reduction of the bound is possible. In this way each 
node is tested until either : 

a full integer solution is reached which is better than 
the  old  bound and this becomes the new bound; or 

any further exploration can only result in a solution 
which is infeasible or worse than the current bound. 

Finally, because the mixed integer solution only 
pinpoints  the absolute minimum and to provide greater scope for 
analysis, programming was carried out individually on those 
options indicated as 'possibles' to arrive at a table of 
comparisons around the least cost option. This entailed solving 
the allocation moael with selected options only being forced into 
the solution (as  opposed to the mixed integer program where the 
computer is allowed to choose which options to examine ir, 
detail). 

K.3 DETAILS OF THE PROBLEM FORMULATION 

Forty-eight rail options were available, involving five 
Iossible alternative configurations of narrow and standard gauge 
upgrading. Each c.xf'iguration  had two m three Grders of 
mgnitude and four proj3c.t s:art years, Cargo was split into 
logistiz and. development. Seven levels of tctal freight share to 
the land modes wez'e tested  ovsr t!-.e 1.6 study years at three 
different discount ITates.  'The basic linp,ar criteria usec were as 
follows : - 
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(a> The costs over 16 years , to be MINIMISED were: 

E(proportion of any rail option selected X 'discounted 
capital zost of this  option) 

t 

ton) 

+ 

c (tonnage allocated to each 1-.oad section X discounted 
ccst per  ton) 

(b) One  and  only one r7eal or split option to be chosen, i.e. 
C(pr1oportion of any rail option selected) = 1 

(c) Each rail link had a capacity rlestraint; (proportion of 
any rail option selected X capacity of the complete rail 
option) '. tonnage allocated to this option in any year. 

(J) T:Te dema~~ds must be met at each node, e.g. for each 
year, tonnage allocated to  rail options to Mt  Newman  and 
tonnage allocated to road  links to Mt Newman = demand 
for freight  at  Mt Newmm + tonnage allocated to rail 
options to Pt Hedland + tonnage allocated to road 
options to Pt Hedland. 

(e) The basic requirement of the  linear program, all 
tonnages and rail options 0. 

K.4 IMPLENENTATION OF THE PKOBLEM SOLUTION 

The problem as outlined above was solved on the CDC 6600 
computer with the matrix generator package MAGEN and  the OPHELIE I 

linear  programming  package. 
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braicallv 3s : 

MINIMISE the objective function : 

Subject to : 

d 

d 
n 
da 
1 

da 
1 

YW 
d 

where the sets : 

vPP¶Yw,n 
d,da,l 

(T) are tonnages of freight commodity groups 
(R) are pFoportions of rail options 
(C) are capacities of rail links 
(E) are demands at population centres 
(K) is proportion of freight to land modes 
(SH) are present .Jalues of ship capital and operating costs 
( $ 1  are incrernenta.1 resource costs per ton for road or rail 

link  and  present values of rail capital injections 
(F) are discount factors for each discollnt rate. 

the synbols : 
C is summation v is 'for all'. 



the subscripts 

vw are rail o?tions to Mt Newnan with links n = 1 for Port 
Hedland 

wy are rail opti.ons to Veekatharra on1.y with links g (not 
shown 1 

p p  are, road links and pp = 1 for Fortesc::.le Valley rail link 
d is one of four project  start years 
da are study years 1975 to 1990 
1 is commodity group logistics or development. 

The Simplex tableau, as developed by the matrix  gene- 
x>ator, for solution using the Ophelie package is as follows : 

R0 W - Number of c,olumns in tableau Nunber 
n anie S Rail  Network links Sea RHS Of 

~ for capital Rail Road rows! 
the in 
tableau 16 3 2  3,072  1,024  384 1 9 tableau 

WY ,d wv,g, SH 
da,d,l 

YW,d yw,n ,d 9 PP,da,l 
da,d,l 

PORT, da 

E,da,l 

+I -1 
(n=l) (PP=l) 
-1 t t + -1 -1 

Sea 
option 1 

=l 1 

= O  1,536 

= O  512 

= O  16 

=ExK 288 

= SH l-K l 

Object- Present Costs costs PV'S 
ive values Per per capital 
(F) of rail  ,ton ton and 

capital OP 'ng 3 

?Jfl?'X: It is implicit in the linear program that the 4,538 column 
vectors are also positive. 
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