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List of Figures 
 
Title Page The USS Theodore Roosevelt was launched on 27 October 1984 and has a displacement of 
104,000 tons full load. Its length is 333 metres and its beam is 66.8 metres. It is powered by two 
Westinghouse A4W nuclear reactors, 4 steam turbines and 4 shafts. It can travel at 56+ km/h. It is armed 
with 2 x Mk29 Sea Sparrow, 2 x RIM-116 Rolling Airframe Missile and 3 x Phalanx CIWS. The ships 
company is 3200 personnel and the air wing is 2480 personnel. 
 
Figure 1 The US Navy’s second nuclear powered aircraft carrier, the USS Nimitz, was commissioned in 
1975. It carries 100 aircraft and 4 steam catapults and has attack and antisubmarine capabilities. It has visited 
Australia on a number of occasions. This photograph was taken in Victoria, Canada. 
 
Figure 2 USS Greeneville was launched on 17 September 1994, commissioned on 16 February 1996. She 
displaces 6927 tons full, is 110.3 metre long, has a 10 metre beam and 9.4 metre draft. She has four 21 inch 
torpedo tubes and 12 vertical launch tomahawk misiles. The photograph was taken of the coast of Honolulu, 
Hawaii. 
 
Figure 3 This figure diagrammatically shows the basis for the three zones described above. Strict criteria are 
used to determine the suitability of anchorages and berths using the population figures and this zoning.  
 
 
Notes:  
 

1. The Title Page, Figure 1 and Figure 2 pictures were obtained from “WIKIPEDIA The Free 
Encyclopedia” at http://en.wikipedia.org. 

2. Figure 3 was obtained from a public pamphlet titled “NUCLEAR POWERED WARSHIP VISITS 
to the PORT of BRISBANE” that has been produced by the Queensland Government Department 
of Emergency Services. For further information view the Port Safety Plan at www.disaster.qld.gov.au/publications or 
contact the Executive Officer NPWVC on (07) 32478463. 
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1. Introduction 
 
Australia has an obligation to its allies to provide rest and recreation for the crews of their 
naval ships. These allies ships include vessels that use nuclear reactors to produce steam for 
powering their propulsion systems. This obligation is briefly outlined in the Department of 
Defence leaflet The facts about visits by Nuclear Powered Warships, (May 1990) [4], which 
states: 
 

The visits made to Australian ports by the naval ships of our allies and friends, and 
the calls made by Royal Australian Navy warships to ports overseas, are one of the 
most visible aspects of the defence co-operation that takes place between Australia 
and other countries in peacetime. They are a normal part of an alliance relationship. 
The Government’s policy is to welcome these visits. 
 

 

 
Figure 1 The US Navy’s second nuclear powered aircraft carrier, the USS Nimitz, was commissioned in 
1975. It carries 100 aircraft and 4 steam catapults and has attack and antisubmarine capabilities. It has visited 
Australia on a number of occasions. This photograph was taken in Victoria, Canada. 
 
The visits by nuclear powered warships (NPW) are accepted only to berths and anchorages 
that have been assessed against radiological criteria and approved by the Visiting Ships Panel 
(Nuclear) (VSPN). Visits must comply with the current Conditions of Entry [Ref. 1]. 
 
The Australian Radiation and Protection Agency (ARPANSA) hold a seat on the VSPN and 
are responsible for assessing port suitability for these visits in respect to radiation safety to the 
public and the environment. These assessments are carried out by estimating “the individual 
and collective radiation doses to the public in the event of a Reference Accident to the reactor 
plant on the visiting ship, and compares them with radiation dose criteria”[2]. 
 
The objective of this presentation is to outline the use of ABS CDATA and MapInfo software 
to aid in the assessment of population distributions around the proposed berths and 
anchorages. These assessments provide important information to be used both for an initial 
acceptance of an anchorage and to aid in the development and evaluation of emergency 
evacuation plans and arrangements. 
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2. Conditions of Entry 
 
Conditions of Entry are specified in the Department of Defence document OPSMAN 1 [3], 
and are as follows: 
 
(a) Visits will be for the purposes such as crew rest and recreation, and not for fuel 

handling or repairs to reactor plant necessitating breach of reactor containment. 
 
(b) Visits will be subject to satisfactory arrangements concerning liability indemnity, and 

to provision of assurances relating to the operation and safety of the warships while 
they are in Australian waters. 

 
(c) Movement of vessels must take place during daylight hours under conditions where 

visibility is not less than three-quarters of a nautical mile. 
 
(d) Navigational controls on other shipping will be applied during the time that the 

nuclear powered ships are entering or leaving port. 
 
(e) There must be a capability to remove the vessel, either under its own power or under 

tow, to a designated safe anchorage or a designated distance to sea, as soon as 
possible within the time frame specified for the particular berth or anchorage, and in 
any case within 24 hours, if an incident should occur. 

 
(f) An operating safety organisation, competent to conduct a suitable radiation 

monitoring program and able to initiate actions and provide services necessary to 
safeguard the public in the event of a release of radioactivity following an accident, 
must be in the port being visited. 

 

3. Brief look at the basis of Port Assessment 
 
The port assessments are carried out using a number of basic assumptions. These are based on 
a Reference Accident which is defined as a failure of the primary coolant circuit of the 
reactor, resulting in loss of coolant and melt down of the reactor core and release of volatile 
gaseous fission products to the reactor containment. The radioactive fission products are then 
assumed to leak to the atmosphere. The dispersion of the released fission products to the 
atmosphere, down wind of the accident, is estimated and conservative meteorological 
modelling and radiation doses to individuals and the population are estimated. 
 
Technical information on the reactors and associated plant of the vessels is not available to 
the Australian authorities. This includes information on fission product inventories and 
engineered safety features such as emergency core cooling, containment or fission product 
cleanup systems. Therefore reductions from the Reference Accident in the released fission 
products by these features are not taken into account in the assessment calculations. This 
ensures that the radiological consequences are conservative. The basic assumptions made are 
as specified in the Reference Accident [Ref. 1].  
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Figure 2 USS Greeneville was launched on 17 September 1994, commissioned on 16 February 1996. She 
displaces 6927 tons full, is 110.3 metre long, has a 10 metre beam and 9.4 metre draft. She has four 21 inch 
torpedo tubes and 12 vertical launch tomahawk missiles. The photograph was taken off the coast of 
Honolulu, Hawaii. 
 

4. Use of ABS Data in the Port Assessment 
 
Emergency plans are developed by state, territory and Commonwealth authorities for each 
individual port in consultation with the SES, Fire Brigades, local hospitals and police. The 
plans identify a system of circular zones around the anchorage to determine the suitability of 
the port for these types of vessel. There are three zones, with set population distribution 
criteria that must be met for each zone. The zones are split into sectors which are used for 
evaluating population consequences and evacuation requirements related to the worse case 
weather conditions. 
 
Zone 1 is a region close to the NPW within which the surrounding population may be 
exposed to direct gamma shine from the vessel as well as airborne radioactive material 
following the Reference Accident. The extent of Zone 1 is defined as the maximum distance 
to which immediate evacuation would be required following the Reference Accident 
 
Zone 2 represents an area within which the proposed doses do not justify evacuation, but 
where, subject to actual field measurements of radioactivity, the maximum avertable doses 
that are estimated may justify sheltering as a countermeasure. A viable emergency plan for 
the implementation of sheltering and distribution of stable iodine or evacuation within this 
zone should be established.  
 
Zone 3 represents an area within which the surrounding population may be subject to hazards 
associated with long term exposure to ground deposited radioactive material (groundshine) 
and ingestion of contaminated water, foodstuffs, milk and agricultural produce. Due to the 
slow rate of accrual of groundshine and ingestion doses, immediate action is not required to 
protect the population from these hazards. 
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Figure 3 This figure diagrammatically shows the basis for the three zones described above. Strict criteria are 
used to determine the suitability of anchorages and berths using the population figures and this zoning.  
 
 
 
ARPANSA tabulate the population distributions for each sector and present this in a tabular 
form (see Appendix) using collection districts. This data is then fed into a specially developed 
computer program, to evaluate the consequences that would result if a Reference Accident 
occurred at the port. Once all of the data is collected and evaluated, an ARPANSA report is 
produced for the particular port. The report includes the tabular population information, 
graphical representations of contamination spread and a thermatic population distribution 
map. It shows a diagrammatic representation of the anchorage, with an evaluation boundary 
target over a map of the area that is split into collection districts. These are coloured to 
represent the population distributions of the collection districts. 
 

5. Historical estimation of the population data 
 
The population data comes from the Australian Bureau of Statistics (ABS) census data. The 
original method used to obtain the data for the evaluation prior to 1995 was to manually draw 
the target over a collection district population map obtained from ABS, and using graph paper 
of an appropriate scale, calculate the area of each collection district which falls within each 
sector. Each sector was looked up in a population table by its identification number and a 
population figure per square kilometre was obtained. This was multiplied by the area to give 
the population of that collection district. All of the collection districts in each individual 
sector were then added giving a total population for each sector.  
 
If a collection district was split amongst two or more sectors, the proportion of the area in 
each sector was calculated and added or subtracted from its appropriate sector. The entire task 
was very difficult and time consuming, sometimes taking up to a week to perform the 
calculations and produce a table. 
 
A development that improved the accuracy and slightly reduced the time to perform the 
calculation was the introduction of a planimeter to replace the graph paper used to determine 
the areas of each collection district. The use of collection district population density maps, 
which were colour coded to show the population ranges in each collection district also helped. 
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6. The use of CDATA in combination with MapInfo 
 
Following enquiries and discussions with ABS and MapInfo, a special MapBasic program 
was developed by MapInfo to allow us to perform the functions described above using the 
combined software of CDATA and MapInfo. This software produced considerably more 
accurate data tables and custom made maps that we could use in our final reports for the 
VSPN. 
 
Over the years that this package has been used it has had to be modified slightly to cope with 
alterations to the CDATA and MapInfo software as they developed over this time. These 
changes included the move from 8 bit to 16 bit to 32 bit software and the rearrangement and 
renaming of the CDATA and MapInfo files and tables. Fortunately with minor modifications 
to the MapBasic program these problems have been overcome in the past. 
 
As part of this process the MapInfo software is used to produce detailed maps and together 
with CDATA we can plot local features such as schools, hospitals, prisons, retirement homes 
etc., which would have to be considered in the evaluation of an anchorage for evacuation in 
an emergency. In some instances these features would render an anchorage unsuitable if it 
could not be easily evacuated.  
 
The thermatic maps incorporate a key showing the various population densities represented 
by a range of colours. 
 

7. The MapBasic Application 
 
This special programme, when combined with MapInfo and CDATA is very easy to use. A 
brief explanation of each step in creating the tables and maps mentioned above follows: 
 

7.1. Details of the anchorage location are entered into MapInfo using latitude and 
longitude in degrees, minutes and seconds. 

 
7.2. Details of the target to be used for the analysis are then added. For example, how 

many sectors are required, the number of concentric circles and their radial distance 
from the anchorage. 

 
7.3. The target is then drawn by the software and saved to a file. 

 
7.4. Then CDATA is used to create a state map and table of all collection districts and 

their populations. 
 

7.5. The two software packages are then integrated together using the MapBasic 
program. This creates a table of all collection districts data for only the area covered 
by the target. It also divides the data between the sectors. This produces a column of 
population data. 

 
7.6. A macro is used to transfer the list of data to an Excel spreadsheet template which 

arranges the data in a simple table showing the populations within the segments of 
the target according to the angle from vertical on the map and distance from the 
anchorage (see Appendix).  
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8. What is done with this data 
 
Following the production of these tables, the population distribution data is used in an 
ARPANSA modelling program which takes into account the weather for the area, including 
winds, rainfall and the frequency and magnitude of the weather variations [Ref. 1]. The 
reactor core construction is added to the program that makes allowances for the possible 
nuclear inventory. This then predicts the dispersion of radionuclides in gaseous and 
particulate form and the possible spread of this contamination amongst the public. From these 
figures, the effect on the population can be assessed and the port can either be rejected or 
accepted based on individual and collective dose criteria identified in Ref. 1. 

9. What the future holds 
 
It is difficult at this stage to understand if the suite of software and the MapBasic program we 
have been using successfully for many years will still be able to function if the link between 
ABS and MapInfo changes. I have been exploring some of the other options that will be 
available through other companies supplying demographic analysis tools for planners, but 
have not yet found a solution which is as simple to use and will give us accurate figures in a 
very short time frame.  
 
As the ABS plan and develop the next round of census data, I am eagerly waiting to see if 
there will be a product or combination of products that will be as useful as the combination of 
CDATA and MapInfo have in the past. Alternatively, we may seek ABS Services to provide 
all the data we require in a form suitable for our assessments. This may turn out to be our 
most cost effective option.  
 

10. Conclusions 
 
10.1. The calculation and representation of the population figures serves two purposes: 

 
10.1.1. To ensure the requirements of OPSMAN 1 can be fulfilled, therefore 

ensuring that the port is suitable for visits by NPWs. 
 
10.1.2. To ensure that the population distributions are such that, emergency services 

implement timely counter measures. 
 
10.2. The small part played by the use of the suite software and the MapBasic program in 

the Port Assessment for NPWs is vitally important in determining port suitability for 
visits and in preparation for any expected visits. 

10.3. The purchases of MapInfo, CDATA and the MapBasic application software have 
been worthwhile by providing increased accuracy of the calculations, ease of 
obtaining population figures and improved and cheaper production of the coloured 
maps and reports. 

 
10.4. The software purchases have paid for themselves after only the first year of use 

through savings in time, wages and the purchase and printing costs of maps. 
 

10.5. If the changes to the availability and compatibility of the CDATA and MapInfo 
software make this program unusable in the next census, we shall have to find some 
other alternative that will satisfy our needs. 
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10.6. Alternatively we may seek ABS Services to supply our data in a form suitable to 
perform our assessments. 
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12. Appendices 
 
Appendix  Example of the table of population figures for the anchorage for Fishermans 

Island, Brisbane. 
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Appendix: A Typical Port Population Table 
 
 

 

 
 CENSUS POPULATION DATA FOR: Anchorage Name 

 
   Number of Distance Ranges: 7   

Distance 
Ranges           Sector (Degrees from true north)           

Inner Dist.               Outer Dist. 1 2 3 4 5 6 7 8 9 10 11 12 Annulus

km               km 0-30 30-60 60-90 90-120 120-150 150-180 180-210 210-240 240-270 270-300 300-330 330-360 Total

0  2.5  0  0  0  0  0  0  0  0  0  0  0  0  0 

2.5  5  3  2  3  1  0  1  3  3  3  2  1  0  22 

5  10  10  10  10  6  1468  396  14  13  11  11  10  6  1965 

10  15  17  16  15  68  18424  5381  40  31  22  19  17  13  24063 

15  20  3             18 3 43 1228 527 136 44 89 26 23 22 2162

20  30  0 35 0 14 8129 2336 360 99 255 80 64 65 11437 

30  40  0 49 0 0 263 378 32 48 175 144 52 53 1194 

Total:                33 130 31 132 29512 9019 585 238 555 282 167 159 40843

2001 Census data by ABS            
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