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ABSTRACT 

About 70% of Darwin's residents in older suburbs still have power supply from overhead 

distribution lines (415 Volts and 11,000 Volts) which are aging and vulnerable to damage 

by extreme tropi~al weather conditions, fast tree growth and collision of vehicles with 

power poles. It would cost around $60 million in current dollars to underground overhead 

power lines servicing the remaining residential urban suburbs. The purpose of this 

dissertation is to prepare an economic study, which evaluates the commercial viability of 

a 1 0-year underground power project in Darwin residential suburbs. 

Two economic models are developed for overhead and underground power systems that 

-
include tangible benefits for the Power and Water Authority (PAW A), (the electricity 

utility in the Northern Territory) and tangible wider benefits to the community. The Net 

Present Value (NPV) method is applied to compare overall costs of each system with 

respect to PAW A and combined PAW A and externalities over a period of thirty years. 

It is found that from the PAW A point of view, the cost of placing the existing overhead 

power system underground would only be justified if 70% of the total costs of the 1 0-year 

undergrounding scheme is recovered through contributions from the stakeholders. The 

pilot underground project in Nightcliff (October 1997 - January 1998) identified 

contributions of20% of the total cost, from Darwin City Council (5%), Telstra (10%) and 

Austar (5%). It is reasonable to assume that 20% of the project cost could be recovered 

by charging customers a basic fee of $750 as a contribution towards the cost of 

converting their existing overhead service underground. There remains a further 30% of 

total costs to be recovered from the NT Government/Federal Government. The Federal 



Government should contribute together with the NT Government as a strategic benefit to 

protect 70% of Darwin residents from the potential risk oflosing power supplies as result 

of another cyclone Tracy. The NT Government's contribution could be funded by way of 

a reduction in annual dividends payable by PAW A to the NT Government. 

Not all tangible benefits of Darwin urban underground power can be identified and 

quantified in the models; however, the study indicates that there are ways to make this 

happen. From P A WA point of view, although there are clear and distinct benefits in 

having all urban distribution power lines underground, capital investment in such a 

program, with all construction costs born by the Authority, is unlikely to· generate 

sufficient return in meeting its business objectives. It would seem that in addition to 

contributions from the council and telecommunication_ service providers; financial 

support from the Northern Territory Government/Federal Government and public 

willingness to contribute at a reasonable rate are vital for the power underground 

program. Various options of consumer's contribution are to be investigated and offered 

by the Authority to make it easily affordable. Without a strong commitment of the 

Territory/Federal Government and growing community support, it is unlikely that older 

urban suburbs in Darwin will be transformed· on a large scale in the foreseeable future. 
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CHAPTER 1 

INTRODUCTION 

Since cyclone Tracy (1975) all new urban residential suburbs have been built with 

underground power supplies. About 70% of Darwin's residences (16,000 customers or 

. 9,000 lots) in older suburbs such as Alawa, Coconut Grove, Fannie Bay, Gardens, Jingili, 

Larrakeyah, Ludmilla, Milner, Moil, Nakara, Narrows, Nightcliff, Parap, Rapid Creek, 

Stuart Park and Wagaman still have overhead power supplies (Refer Appendix 1). The 

majority of overhead distribution power lines (415 Volts and 11,000 Volts) in these 

suburbs are considerably old, typically 25 to 30 years, and are vulnerable to damage by 

lightning, high winds and tree growth. As a result, the reliability of power supply to 

customers in these areas with overhead power supplies has not been good. 

The Power and Water Authority (P A WA) of the Northern Territory, like many Australian 

power authorities, has a policy of installing new residential power lines underground in 

the Darwin area. However, placing all of the existing overhead power distribution system 

underground would be an expensive capital investment for all key stakeholders including 

PA WA, the Northern Territory Government, the general public, Darwin City Council 

(DCC) and tele-communication services providers. PAW A is currently undergoing a 

transformation from a government business department to a business corporation. Any 

major investment, such as retrofitting of overhead assets underground would need to be 

commercially viable in line with long term strategic objectives of providing a value for 

money to customers. 
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In most Australian states and territories, underground power delivery is compulsory in 

new suburban subdivisions. However there are only few modest schemes and pilot 

programs of burying power lines in existing build-up areas1
• The undergrounding of 

power lines in well-established urban suburbs is technically complex and expensive. It 

has been customary to consider only the direct costs to Electricity Supply Authorities 

"when comparing the costs of the two power systems2
• Overhead power lines are easy to 

install and relatively cheap. The technology required for power delivery with overhead 

lines has been in place for many decades. The lines are simply bare wires with ceramic 

insulators at poles and air as insulation between poles. Underground power lines, on the 

other hand, require higher level of engineering skill and are expensive to construct. 

Western Power, the distribution utility in Western Australia, evaluates a number of direct 

benefits of underground power systems in a cost benefits analysis. Benefits include 

estimated savings from improvements to the efficiency of the distribution system, 

reduced maintenance of the existing overhead system, reduced tree trimming costs, and 

savings from reliability improvements with both costs to the consumers and revenue loss 

to the utiliif. Western Power is at present engaging in a scheme, which will cost $11 

million, to underground power lines supplying 1,750 blocks in two high-value suburbs of 

Perth. The State government, Western Power and local councils are equally funding the 

project4• There are smaller scale undergrounding power projects in South Australia and 

Victoria5
• In New South Wales, an ambitious plan to underground all power lines in the 

1 ESAA (1996) Discussion Paper on Undergrounding Distribution Facilities, p3. 
2 Maney, C. (1996) Benefits of Urban Underground Power Delivery, p2. 
1 Report of the Underground Power Steering Committee to the Minister for Energy (1995), p23. 
4 Electrical World (July 1997), p19. 
5 Mcllwraith, J. (1996) Underground Power Cables: Costs and Benefits, p 8 & 9. 
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metropolitan Sydney area by 2010 at a cost of $7 billion was proposed in September 1997 

for consideration, but no further information has been able to be obtained on this 

proposal6
• In Queensland, because of envisaged high initial cost to the Electricity Supply 

Utilities and lack of sufficient interest among either the State Government or Local 

Government, there are no plans to proceed with undergrounding overhead lines7
• 

This study is an attempt to prepare an economic evaluation assessing the commercial 

viability of a 10-year underground power project in Darwin residential suburbs. The 

study takes into account not only tangible direct benefits for PAW A, but also wider 

benefits for the community. A number of tangible benefits can be clearly quantifiable as 

savings for PAW A resulting from putting cables underground. Benefits include reduced 

cyclone insurance premiums and cyclone damage risks, reduced power surge claims, 

reduced costs of repair to power poles damaged by vehicles, reduced tree trimming costs, 

lower operations and maintenance costs, reduced electrical power losses and reduced 

revenue losses. In addition, wider quantifiable benefits to the community are savings 

from death and injury, property and vehicle damage in motor vehicle accidents involving 

collision with power poles, and reduced business trading losses due to interruptions to 

supply. Less quantifiable benefits include enhanced property values and enhanced visual 

amenity. 

Two economic models are developed to establish the construction and operating costs of 

overhead and underground power systems over a period of thirty years. The costs for the 

underground model are then applied to three further scenarios with various stakeholders 

6 Electricity Week (September 1997), p7. . 
7 Mcllwraith, J. (1996) Underground Power Cables: Costs and Benefits, p 11. 
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contributing to the 1 0-year undergrounding scheme in varying ratios. Through the use of 

Net Present Value (NPV) methodology, the overall costs of each system with respect to 

PAW A and combined PAW A and externalities over a period of thirty years are 

compared. 

It is found that from the PAW A point of view, the cost of placing the existing overhead 

power system underground would only be justified if 70% of the total costs of the 1 0-year 

undergrounding scheme are recovered through contributions from other stakeholders. The 

pilot underground project in Nightcliff (October 1997 - January 1998) identified 

contributions of20% ofthe total cost from Darwin City Council (5%), Telstra (10%) and 

Austar (5%). It is reasonable to assume that 20% of the project cost could be recovered 

by charging customers a basic fee of $750 as a contribution towards the cost of 

converting their existing overhead service underground. There remains a further 30% of 

total costs to be recovered from the NT Government/Federal Government. The Federal 

Government could contribute together with the NT Government as a strategic benefit to 

protect 70% of Darwin residents from the potential risk oflosing power supplies as result 

of another cyclone Tracy. The NT Government's contribution could be funded by way of 

a reduction in annual dividends payable by PAW A to the NT Government. 

Chapter 2 reviews related literature on underground power line issues in Australia, with 

more details. Chapter 3 discusses data collection, overhead and underground power 

models and evaluation method. Chapter 4 details the analyses of cyclone risk assessment, 

costs of traffic hazard, the 10-year underground program's timing, installation cost and 

financial contributions, tree trimming costs, pole rehabilitation costs, operations and 

maintenance costs, electrical power losses, annual revenue losses for PAW A and 
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PAW A and business trading losses. The chapter also provides evaluation results of the 

overhead and underground power models based on the Net Present Value methodology. 

Chapter 5 includes a summary and conclusions drawn from the study. 
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CHAPTER2 

REVIEW OF THE RELATED LITERATURE 

It would cost up to $50 billion to put all of Australia's existing overhead power lines 

underground as less than 7 per cent of Australian homes are served by underground 

power8
• It is a considerable investment and implementing such a program on. a national 

scale is a formidable challenge. Efforts to increase the area served by underground power 

vary across Australia. In most States, underground power distribution is compulsory in 

new residential suburban subdivisions. A survey of retrofitting underground distribution 

systems across Australia reveals a pattern of inertia, with a few modest schemes and pilot 

programs9
• Through out Australia, the economics of burying power lines in build-up 

areas compared with new developments are very different. -

WESTERN AUSTRALIA 

Western Power, the distribution utility in Western Australia, suggests a number of 

factors, which might be considered in a cost benefit analysis _ofundergrounding power10
• 

Benefits include: 

• the estimated savings from improvements to the efficiency of the distribution system 

(reduced.losses); 

• the estimated savings from reduced maintenance of the existing overhead system as 

assessed through factors such as the age of the equipment, proximity to the coast (salt 

adds to corrosion and other problems), exposure to extreme weather events (coastal 

locations in the cyclone area are most vulnerable) and tree trimming costs; 

8 Mcllwraith, J. (1996) Underground Power Cables: Costs and Benefits, p 1. 
9 Mcllwraith, J. (1996) Underground Power Cables: Costs and Benefits, p 2. 
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• the estimated savings from reliability improvements (both costs to the consumer and 

revenue loss to the utility ); 

• The estimated savings from avoiding system enhancements which would have been 

necessary with the existing overhead system. 

Western Power is engaged in an $11 million project to underground power lines 

supplying 1,750 blocks in the Perth suburbs of Cottesloe and Claremont. Work began in 

October 1997 and is expected to be complete in 12 months' time11
• The project was 

jointly funded by each Local Government Authority, the State Government and Western 

Power Corporation. 

Underground power in all new residential subdivisions, in both urban and country areas, 

has been mandatory since 1991. Only about 18% of the homes in the Perth metropolitan 

area are serviced by underground power12
• The above project is in line with the state 

government's policy of retrospectively laying power cables underground to half the 

homes in Perth by the year 2010. The most compelling reasons for installing power 

cables underground recognised by the Western Australia government are the 

environmental and visual benefits of underground cabling, reduced losses, reduced 

maintenance costs, and improved reliability of electricity supply. The May 1994 storms, 

which caused widespread and extended power blackouts, added to the interest in placing 

existing overhead distribution systems underground. 

10 Report of the Underground Power Steering Committee to the Minister for Energy, August 1995, p23. 
11 Electrical World, July 1997, p19. 
12 Engineers Australia, February 1997, p25. 
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SOUTH AUSTRALIA 

In South Australia there has been a strong emphasis on linking underground power with 

environmental or traffic issues. Installing underground power lines in new residential 

subdivisions has been compulsory under State law since the early 1980's. Considerable 

effort from the Electricity Trust of South Australia (ETSA) has made the South Australia 

percentage of underground power the highest in Australia. By the middle of 1994 just 

over 10% of the State's power lines were sunk13
• 

ETSA is the second State that has a current project undergrounding power lines, 

operating since 1990 under the guidance of the Power Line Environmental Committee. 

ETSA provides two-thirds of the cost of any underground installation and local 

government the balance. Where road construction is included, the State Department of 

Transport contributes an amount equivalent to the cost of reJocating the existing overhead 

power lines. 

NEW SOUTH WALES 

In New South Wales, the proportion of newer suburbs with underground power is highest 

in Sydney, where underground connection has been mandatory for residential 

subdivisions since the early 1970's. A plan to underground all power lines in the 

metropolitan Sydney area by 2010 was proposed on 25 Sep 199714 at a cost of$7 billion. 

One way to pay for the project would involve a levy on consumers. The plan aimed to be 

introduced as part of a blueprint for the sale of the NSW electricity industry. 

The Electricity Supply Utilities in NSW have invested only $30 million over the past five 

years on reducing the impact of existing overhead infrastructure, mostly on underground 

13 Mcllwraith, J. (1996) Underground Power Cables: Costs and Benefits, Canberra, Parliamentary 
Research Service, p 6. 
14 Electricity Week, September 1997, V 21, p7. 
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projects addressing specific environmental or aesthetic issues15
• While major 

undergrounding power projects seemed unlikely at the present time, progress could be 

made in areas of special need such as construction during preparation for the Sydney 

Olympics. 

VICTORIA 

Victorian regulations also reqmre new residential subdivisions to be provided with 

underground power connections. Before the dissolution of the State Electricity 

Commission of Victoria in late 1993, between $3 million and $4 million a year was 

allocated to retrofitting underground power. This work was carried out in areas where 

cultural or environmental values were important. The Victorian power distribution 

system has been broken up into a number of companies an_d is now in private hands. The 

State government now directly provides $4 million a year for continuing to reduce the 

intrusion of unsightly overhead power lines16
• No funds come from newly privatised 

distribution companies, and therefore the change in the industry has meant a freeze on the 

move towards underground power. 

QUEENSLAND 

In Queensland, little progress has been made. While many councils insist that power be 

connected underground in new residential subdivisions, no effort is made to remove 

overhead power lines in established areas. Because of high initial costs to the Electricity 

Supply Utilities and lack of sufficient interest among either the State Government or local 

government there is no opportunity to begin even a modest program17
• 

15 Elder, K. (1996) Undergrounding Existing Overhead Assets in the City of Ban'yule, NSW, p5. 
16 Mcllwraith, J. (1996) Underground Power Cables: Costs and Benefits, p 10. 
17 Mcllwraith, J. (1996) Underground Power Cables: Costs and Benefits, p 5. 
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Based on valuable experience gained from the Nightcliff underground pilot project 

happening from October 1996 to January 1997, this study is an attempt to prepare an 

economic evaluation method to assess the commercial viability of a 1 0-year underground 

power project in Darwin residential suburbs. The study looks at tangible benefits for 

PAW A as well as wider benefits for the community in the economic assessment of 

overhead and underground power distribution systems. 
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CHAPTER3 

METHODOLOGY 

Three areas are of particular concern to the proper execution of this study: the data 

collection, the ec~momic models and the evaluation method that will be used in arriving 

at the final conclusions. Each of these concerns is briefly outlined so as to provide an 

appreciation for the thoroughness·ofthe study. 

3.1 DATA COLLECTION: 

A key consideration of the Darwin undergrounding power project is its cost when 

compared to the existing overhead power lines. To quantify the overall costs of 

underground and overhead power distribution systems an extensive search of secondary 

information sources is carried out. Data sources are obtained from the Power and Water 

Authority (P A WA), Territory Insurance Office, Bureau of Meteorology, Road Safety & 

Legislation Branch (Department of Transport & Works) and Bureau of Transport & 

Communication Economic (Commonwealth). 

The major types of information that will be secured from these secondary sources will 

include such items as: 

1. O.verhead Power Line Cost to PAW A: 

• Cyclone Insurance Premiums in 1996 and 1997 (Territory Insurance 

Office). 

• 1964 - 1997 Cyclone Records for within 200km of Darwin and for the 

Northern Territory (Bureau of Meteorology, Darwin Tropical Cyclone 

Warning Centre). 
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• Records of overhead power poles damaged by vehicles from 1993 to 

1996, Darwin (Dept. of Transport & Works, Road Safety & Legislation 

branch). 

• PAW A Records of overhead line power surge claims from 1994 to 

1996, Darwin. 

• Tree trimming costs m 1995 and 1996, PAWA Northern Region 

budget. 

• Pole rehabilitation cost in 1998/99 PAW A Northern Region budget 

• Operations and Maintenance cost in 1998/99 PA WA Northern Region 

budget. 

• PA WA Records of kilometre length of dist~ibution high voltage (11kV) 

and low voltage ( 415V) in Darwin overhead power suburbs. 

• PAW A Record of total annual customer hours lost in 1996 due to 

overhead power supply in Darwin urban 

• PAW A Average annual domestic consumer bill in 1996, Darwin. 

2. Overhead Power Line Cost to Externalities: 

• Records of vehicle crashes in Darwin involving power poles from 1994 

to 1997 (Road Safety & Legislation Branch, NT Department of 

Transport & Works). 

• Average costs of fatality, hospital injury, medical injury and property 

damage in Australia (Bureau of Transport & Communications 

Economic, Commonwealth). 
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• Total customers in Darwin overhead power suburbs, P A WA Annual 

Report 1996 & 1997. 

• Commercial consumers in Darwin, PAW A Annual Report 1996, 1997. 

• Average trading value loss due to power supply interruption. 

3. Underground Power Costs to P A WA: 

• Operations and maintenance cost in 98/99 PAW A Northern Region 

budget. 

• PA WA Records of kilometre length of distribution high voltage (11kV) 

and low voltage ( 415V) in Darwin underground power suburbs. 

• Cost of the pilot undergrounding power project in Nightcliff to PAW A. 

• Darwin City Council (DCC) contribution !o new concrete footpaths in 

the Nightcliff pilot project. 

• TELSTRA and AUST AR contributions to sharing new duct system in 

the Nightcliffpilot project. 

• Calculation of proposed annual contributions of consumers in the 10-

year program. 

• Calculation of proposed annual contributions ofNT I Federal 

Government in the 10-year program. 

These data will further be analyzed in each of the two economic models for overhead and 

underground power distribution systems. 
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3.2 ECONOMIC MODELS: 

Two economic models are used to assess the overall cost of each of the power 

distribution systems. Estimated annual costs associated with existing overhead and 

proposed underground distribution systems are identified over period of thirty years. Each 

model looks at power delivery costs to PAW A and to the community. 

3.2.1 OVERHEAD POWER MODEL 

The overhead power model (model 1) is developed to examine all costs associated with 

retaining the existing overhead line system in Darwin urban suburbs of Alawa, Coconut 

Grove, Fannie Bay, Gardens, Jingili, Larrakeyah, Ludmilla, Milner, Moil, Nakara, 
I 

Narrows, Nightcliff, Parap, Rapid Creek, Stuart Park and Wagaman over the next 30 

years. Consumer Purchase Index (CPI) and discount rate are incorporated into the future 

costs to allow for the time value of money. The model 1 examines annual costs to PAW A 

alone and to externalities (community at large). 

Details of calculation items in model 1 are described as follows: 

PA WA ANNUAL COST CALCULATIONS . 

1. Cyclone Insurance Premium: the 1997 premium is used for year 0, then is inflated only 

by CPI every year. This is a conservative approach as the cyclone insurance premium 

could be significantly changed in any year for renewal of current policy depending on 

the global risk assessment of the insurer. 

2. Annual Cost of Cyclone Repairs: There was no record of Category 3 and 5 cyclones 

happened within 200km ofDarwin since 1964. To calculate an estimated annual cost 

of cyclone repair risk for the Darwin area the following procedure is carried out: 
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• Calculation of annual probability of each cyclone category based on the 33 yr 

record for Northern Territory 

• Calculation of annual probability of Category 1, 2 and 4 cyclones based on the 

33 yr record for Darwin area 

• Extrap9lation of annual probability of Category 3 and 5 cyclones for Darwin 

area based on the probability of all areas in Northern Territory 

• Estimating the repair cost of overhead lines in Darwin urban suburbs that. could 

be damaged by each cyclone category. 

• Annual cost of cyclone repair risk for each cyclone category = Annual 

probability x Repair cost. 

• Annual cost of cyclone repair risk for all cyclone categories was then inflated 

by CPI for year 1 and onwards. 

3. Annual Cost of Power Poles Damaged by Vehicles: 

• Calculation of average annual cost of overhead power poles damaged by 

vehicles based on 1993 - 96 record. 

• Annually increased by CPI after year 0. 

4. Annual Cost of Surge Claims: 

• Based on average annual number of overhead line power surge claims and the 

minimum insurance excess that PAW A has to pay per claim, estimated PAW A 

cost for surge claim for year 0 is calculated. 

• It is assumed that this cost could be increased modestly by one surge claim 

annually to year 3 then followed by CPI increase afterwards. 

17 



5. Annual Cost ofTree Trimming: 

Costs of tree trimming per suburbs are annually inflated by CPl. The approach does 

not take into account increasing tree growth rates in Darwin urban suburbs in future 

years if any due to the fact that it is too complicated to make a reasonable prediction. 

6. Annual Cost of Pole Rehabilitation: a similar assumption is made in this cost for 

future years, ie annually increased by CPI only. 

• 7. Annual Cost of Operations and Maintenance: a similar assumption is made in this cost 

for future years, ie annually increased by CPI only. 

8. Annual Cost ofPower Losses by Overhead Power Lines: 

• There are three typical sizes of conductors installed in the Darwin urban 

overhead lines: Apple (small), Cherry (medium) and Pluto (large). Details of 

kilometres of each overhead conductor size in the high voltage and low voltage 

systems can only be found in the archives of thousands of drawings. After 

consultation with_ a number of experienced and long serving P A WA staff, the 

medium size conductor, Cherry, is selected as the nominal overhead conductor 

for both high voltage and low voltage systems. 

• Calculation of average annual power losses of Cherry conductor per km in the 

low voltage system. 

• Calculation of average annual power losses of Cherry conductor per km in 

llkV system. 

• Calculation of average annual power losses in all Darwin overhead power 

suburbs. 

• This cost would be annually affected by around 80% of CPI as it is not directly · 

affected. 
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9. Annual Revenue Losses due to Overhead Power Line Outages: 

• Calculation of average annual domestic consumption (kWh) 

• Calculation of average domestic load (kW) 

• Estimated PAW A annual revenue losses = Average domestic load x Annual 

Customer Hr Loss x Domestic Tariff of $0.12 

• The annual revenue losses would be annually affected by around 80% of CPI 

as it is not directly affected. 

3.2.1 OVERHEAD POWER MODEL 

EXTERNALITIES' ANNUAL COST CALCULATIONS 

It has been customary to consider only the direct costs to the power supply authorities. 

This study attempts to look at wider quantifiable costs to the community in an overhead 

power distribution network. Such community costs include death and injury, property and 

vehicle damage in motor vehicle accidents involving collision with power poles, and 

business trading losses due to frequent unplanned interruptions to supply caused by 

unreliable overhead lines system. 

Details of community costs are calculated in the model 1 as follows: 

1. Annual Cost ofVehicle Crashes involving Power Poles: 

• Calculation of average annual vehicle crashes in Darwin based on 1994 - 97 

records. 

• Calculation of average probability distribution of injury classifications: fatality, 

hospital injury, medical injury, vehicle damage and property damage. 

• Calculation of estimated costs associated with each injury I damage 

classification per vehicle crash. 
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• Calculation of estimated annual cost to the community due to vehicle crashes 

involving power poles. 

• It is assumed that CPI would annually increase these costs. 

2. Annual Business Trading Losses: 

• Calcul?tion of estimated percentage of commercial customers in the Darwin 

overhead power suburbs. 

• Calculation of total customers in the Darwin overhead power suburbs. 

• Calculation of average annual outage losses per customer. 

• Calculation of annual commercial hour losses. 

• Estimated Annual Trading Losses = Annual Commercial Hour Loss x $50 

• CPI would annually increase the business tradilJg losses. 
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3.2.2 UNDERGROUND POWER MODEL 

The underground power model (model 2) is built based on the following hypotheses: 

• Undergrounding power work in Darwin urban suburbs would take 10 years to 

complete, commencing from year 0 to year 9. 

• Sequence of overhead line suburbs to be undergrounded is presented purely for the 

sake of the study. It should not be seen as PAW A's program at this time. 

• All tangible benefits of underground power would come into effect one year after the 

power line in that particular suburb was undergrounded. 

Details of calculation items in model 2 are described as follows: 

PA WA ANNUAL COST CALCULATIONS 

1. Reduction in Cyclone Insurance Premium: a reduction of 1 0 percent in the cyclone 

insurance premium every year is used in the model starting from year 1. No cyclone 

insurance premium would be required in year 10 as all Darwin residential suburbs 

would be connected with underground power distribution. 

2. Reduction in Cost of Cyclone Repairs: a similar assumption is used for an annual 10 

percent reduction in cost of cyclone repairs. 

3. Reduction in Cost of Power Poles Damaged by Vehicles: a similar assumption is used 

in cost reduction as in items 1 and 2. 

4. Reduction in Cost of Surge Claims: A reduction of 10 percent in annual cost of surge 

claims is estimated from year 1 to year 9. From year 10 afterwards, it would be slowly 

increased at the CPI to cover for some power surge claims that could also be caused by 

underground power system. 
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5. Reduction in Cost ofTree Trimming: 

• Calculation of tree trimming cost per km route length of overhead power lines 

based on annual budget allowed. 

• Calculation of tree trimming cost per suburb. 

• Calculation of tree trimming cost reduction based on sequence of power line 

suburbs to be undergrounded. The CPI is also incorporated in the annual costs 

over period of 10 years. 

6. Reduction in Cost of Pole Rehabilitation: 

• Calculation of estimated cost of pole rehabilitation per km route length of 

overhead power lines based on annual budget allowed. 

• Calculation of pole rehabilitation cost per suburb. 

• Calculation of pole rehabilitation cost reduction based on sequence of power 

line suburbs to be undergrounded. The CPI is also incorporated in the annual 

costs over period of 10 years. 

7. Reduction in Cost of Overhead Line Operations and Maintenance: 

• Calculation of estimated cost of overhead power line operations and 

maintenance per km route length based on annual budget allowed. 

• Calculation of overhead line operations and maintenance cost per suburb. 

• Calculation of operations and maintenance cost reduction based on sequence of 

power line suburbs to be undergrounded. The CPI is also incorporated in the 

annual costs over period of 10 years. 
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8. Reduction in Cost of Overhead Line Power Losses: 

• Calculation of reduction in overhead line power loss based on sequence of 

suburbs to be undergrounded. The CPI is also incorporated in the annual costs 

over period of 10 years. 

9. Cost ofUnderground Operations and Maintenance: 

• Calculation of cyclic and unforseen costs for underground low voltage mains. 

• Calculation of estimated cost of underground operations and maintenance per 

km circuit length of low voltage mains. 

• Calculation of cyclic and unforseen costs for underground high voltage mains 

based on the assumption that operations and maintenance costs for Darwin 

urban suburbs accounted for 80% ofNorthern Region provision. 

• Calculation of estimated cost of underground operations and maintenance per 

km circuit length of high voltage mains. 

• Calculation of accumulative cost of underground operations and maintenance 

arising from the sequence of power line suburbs to be undergrounded. 

• From year 10 the cost of underground operations and maintenance would be 

annually increased by CPl. 

10. Cost ofUnderground Power Losses: 

• Followed the technical decision in the Nightcliff pilot undergrounding power 

project, the nominal cable size to be used in low voltage and high voltage 

mains was 240sqmm, single core, aluminium, XLPE. 

• Calculation of average annual power losses of 240sqmm cable per km in low 

voltage system. 
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• Calculation of average annual power losses of240sqmm cable per km in 11kV 

system. 

• Calculation of cumulative annual power losses of underground cables as a 

result of the sequence of power line suburbs to be undergrounded. 

• This cost would be annually affected by around 80% of CPI as it is not directly 

affected. 

11. Cost ofUndergrounding Power Program: 

• Calculation of cost of undergrounding power installation per customer 

extrapolated from the Nightcliffpilot program (Oct 97- Jan 98). 

• Calculation of annual required capital for 1 0-year program based on sequence 

of suburbs to be undergrounded. 

• Calculation of annual contribution of Darwin City Council for sharing new 

concrete footpath in the 10 year program. 

• Calculation of annual contributions of Telstra and Austar for sharing new 

conduits in the 1 0-year program. 

• Calculation of proposed annual contributions of consumers in the 10-year 

program. 

• c.alculation of proposed annual contributions ofNT Government in the 1 0-year 

program. 
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3.2.2 UNDERGROUND POWER MODEL 

EXTERNALITIES' ANNUAL REDUCTION CALCULATIONS 

Tangible benefits to the wider public in which cable is put underground are reduced 

motor vehicle accidents due to collisions with overhead power poles and reduced 

business trading losses due to unplanned overhead power line outages. 

Assumptions are used in calculating these tangible benefits over the period of 10 years as 

the underground power program progresses. 

1. Reduction in Costs ofVehicle Crashes involving Power Poles: 

• It is assumed that these costs to the externalities would be annually decreased 

by 10 per cents starting from year 1. 

• No incident of vehicle crashes involving power pole would happen in year 10 

in the Darwin residential areas, as there would be no overhead power lines 

after the completion of the 1 0-year program. 

2. Reduction in Business Trading Losses: a similar assumption is made in this case. 
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3.3 EVALUATION METHOD 

There are various financial methods available for assessing a capital investment proposal. 

From the PAW A point of view, retrofitting of overhead assets underground would need 

to be commercially viable in line with long term strategic objectives of providing a cost 

effective service to customers. From a public perspective undergrounding provides a 

number of significant tangible benefits. Appropriate evaluation method must be used for 

making such important decision involving millions of dollars. Capital investments in 

both existing overhead power system and proposed underground power system involve a 

long-term commitment of funds. These investments must earn a reasonable rate of return 

so that it would satisfy stakeholders' expectations. 

Evaluation methods using accounting rate of return and payback period are considered 

unsuitable in this study as they ignore time value of money or treat time value of money 

crudely. The time value of money concept recognises that an amount of capital invested 

today could earn interest income and therefore has value over time. The selected method 

of evaluating overhead and underground power models is based on Net Present Value 

(NPV). This method is widely used in all government business departments' major 

capital works programs through out Australian States and Territories. The NPV method 

is preferred over the internal rate of return or profitability index method because its 

calculation is straight forward and the result (represented in today's dollars) is easy to 

understand. 

The NPV method uses present value concepts to compute the net present value of all 

costs expected from both models. First, all annual costs in each model are inflated with 

the Consumer Price Index according to the year of the occurrence. Then overall costs in 
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each model over the period of 30 years are discounted back by a base rate of return to 

show the model costs in terms of today's dollars. 

Three scenarios in the underground power model are evaluated against the overhead 

power model. Scenario 1 includes only financial contributors that participated with the 

Authority in the 1997 Nightcliffpilot program (Darwin City Council, Telstra arid Austar). 

Scenario 2 looks at possibility of additional contributions of consumers in the 1 0-year 

underground program. Amount of financial assistance of the NT Government/Federal 

Government for the underground program is investigated in Scenario 3. 

Finally, 2% lower and 2% higher value of the base discount rates are used again in the net 

present value analyses in order to examine the sensitivity of both model results. 
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CHAPTER4 

DATA ANALYSIS AND RESULT EVALUATION 

This chapter looks at details of data analysis used in both economic models and results 

found by applying the NPV evaluation method. 

DATA ANALYSIS 

Starting with the Overhead Power Model costs associated with cyclone threat and traffic 

hazard are examined to both PA WA and the community. Next, details of timing, 

installation costs and financial contributions of the proposed underground power program 

are explained. These information are then formed the basis of calculation for annual 

savings in tree trimming costs, pole rehabilitation costs, operations and maintenance 

costs, electrical power losses and annual revenue losses in the Underground Power Model 

when compared to the Overhead Power Model. 

4.1 CYCLONE RISK ASSESSMENT 

The risk of tropical cyclones is a feature of Darwin's wet season and potentially the cause 

of serious loss of life and property as they particularly affect overhead power line 

systems. According to the Darwin Centre of Bureau of Meteorology, there were 27 

cyclones recorded within 200km of Darwin and 60 cyclones in the Northern Territory 

between 1964 to 1997. Categories of cyclone severity range from "1" for weak cyclones 

to "5" for the most severe cyclones. Refer Appendix 2 for details of frequency of cyclone 

occurrence, names, categories and years of occurrence. 

Even category 1 cyclone Rachel, in J an 1997, caused some minor overhead line power 

failures. It was recorded that PAW A spent $157,000 in repairing cyclone Rachel 's 

damage to the existing overhead power line suburbs. The force of cyclone Tracy 
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(category 4) in December 1974, with wind speeds in excess of 217 kilometres an hour, 

was by far the most destructive, and damaged or destroyed more than 90 per cent of the 

city. 

Annual probability of cyclone occurrence in specific category for the Northern Territory 

is tabulated below: 

NORTHERN TERRITORY 
Cyclone No. of Cyclones Annual 

Category in 33 yr Record Probability of Occurrence 
1 42 1.27 
2 13 0.39 
3 2 0.06 
4 2 0.06 
5 1 0.03 

60 

Assessment of cyclone risk for Darwin area is prepared in this economic study, as the 

threat of cyclone damage to the overhead power model would be seriously considered. 

The below table shows how cyclone risk for Darwin area is assessed: 

Cyclone No. of Cyclones Annual Repair Cost Estimated 
Category in 34 yr Record Probability per Cyclone Annual Cost 

1 22 0.67 $ 250,000 $ 166,667 
2 4 0.12 $ 750,000 $ 90,909 
3 0 0.03 (i) $ 2,000,000 (iii) $ 60,000 
4 1 0.03 $ 2,000,000 (iv) $ 60,606 
5 0 0.015(ii) $ 12,000,000 $ 180,000 

27 $ 558,182 

(i) and (ii) figures are extrapolated from Annual Probability of Occurrence ofNT. 
(iii) Cyclone Repair Cost Estimate is $10,000,000. Under the insurance policy, the premium covers 

up to $1 OM damage with the first $2M paid by PAW A. 
(iv) Cyclone Repair Cost Estimate is $20,000,000. $8 out of $1 OM damage paid by insurer, PAW A cost 

is $12M. 
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4.2 COSTS OF TRAFFIC HAZARD: 

Costs of traffic hazard, ie vehicle accidents involving overhead power poles are 

investigated in the study. Road Safety & Legislation Branch, NT Department of 

Transport & Works collected data for Darwin area from 1994 to 1997. 

Period No. of Crashes Crashes No. of Property 
.. Crashes with Injuries wlo Injuries Injured Damage 

110111994 to 31112/94 9 4 5 18 5. 

110111995 to 31112/95 10 5 5 10 5 
110111996 to 31112/96 9 3 6 3 6 
110111997 to 14111197 10 5 5 5 5 

Average annual crashes 9 

4.2.1 COSTS to PAW A: 

In the event of vehicle accident involving overhead power poles, PAW A is 

responsible for repairing damaged poles. Cost of repairs per pole could vary from 

-
$2,000 for a minor repair and up to $7,000 for major one. An average pole repair 

cost of $4,000 is assumed in the evaluation process. With an average annual 

crash rate of 9, it would cost PA WA $36,000 annually in today's dollars m 

carrying out the repairs of poles damaged by vehicle crashes. 

4.2.2 COSTS to EXTERNALITIES: 

This study attempts to quantify costs of vehicle crashes involving power poles to 

the community. Information related to average costs of injury compensation and 

medical treatment are not published in the Northern Territory as they vary by case 

and are kept as confidential. Fortunately, crash classifications are available and 

the Bureau of Transport and Communications Economics, Commonwealth 

published their associated average costs in 1993. Based on the 1994- 97 record of 

vehicle crashes involving power poles in Darwin, average distribution of crash 

classifications are calculated as follows: 
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Period No. of Crashes No. of Hospital Hospital Medical Medical Property Property 

Crashes with Injuries Injured treated % treated % Damage % 

94 9 4 18 12 29 6 14 5 55 

95 10 5 10 8 40 2 10 5 50 

96 9 3 3 3 33 0 0 6 66 

97 10 5 5 3 30 2 20 5 50 

Average Distribution of Crash Classification: 33 11 55 

Where 

Hospital % = (Hospital treated/No. of Injured) * (Crashes with Injuries/No. of 

Crashes) 

Medical % = (Medical treated/No. of Injured) * (Crashes with Injuries/No. of 

Crashes) 

Property% = Property Damage/No. of Crashes 

Costs of annual crash are calculated in the Overhead Power Model as follows: 

Risk Assessment Average Cost Probability Estimated Cost Estimated 
per Crash of Occurrence per Crash Annual Cost 

Fatality $ 752,400 1% $ 7,524 $ 67,716 
Hospital Injury $ 113,100 33% $ 37,323 $ 335,907 
Medical Injury $ 11,900 11% $ 1,309 $ 11,781 

Vehicle Damage $ 5,000 100% $ 5,000 $ 45,000 
Property Damage $ 5,000 55% $ 2,750 $ 24,750 

$ 53,906 

Annual Crash Cost to the public involving power poles: $ 485,154 
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4.3 UNDERGROUND POWER PROGRAM: 

4.3.1 TIMING: 

It is assumed that the task of undergrounding overhead power lines in Darwin 

residential suburbs would be scheduled over 10 years. For the purpose of this 

model, timing of this program is suggested as follows: 

0/H Line No. of No. of HV LV Route Length Year 
Suburbs Customers Lots km km km U/G 

Nightcliff * 1693 704 5.8 17 18.16 0 
Rapid Creek 1424 768 4.32 13.1 13.964 1 
Alawa!Jingili 1487 1359 9.7 29 30.94 2 

Nakara/Milner 1957 1300 10.8 23.4 25.56 3 
Coconut Grove 1313 422 5.4 7.8 8.88 4 

Stuart Park 1680 821 9.35 17 18.87 5 
Larrakeyah/Gardens 1454 563 9.9 14.35 16.33 6 
Ludmilla!Narrows 825 557 11.2 14.5 16.74 7 
Fannie Bay/Parap 2344 988 14 24.9 27.7 8 
Wagaman!Moil 1509 1267 11.7 23.55 25.89 9 

Nightcliff * : data excluded the Nightcliff pilot program. 

4.3.2 INSTALLATION COSTS: 

The undergrounding of existing overhead power lines is not only technically 

complex but also expensive. The pilot undergrounding project in Nightcliff 

commencing in October 1997 and completing in Jan 1998 was an invaluable 

opportunity to test the technical and financial feasibility of undergrounding all 

existing overhead powerlines. On completion, 204 customers would be connected 

to underground power. The cost of underground power in the pilot project is 

analysed as follows: 
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NIGHTCLIFF PROJECT: 

Overall Cost: $ 900,000 
External Contribution: 

Darwin City Council (DCC) $ 52,500 
Telstra $ 115,000 
A us tar $ 82,000 

PAWA Net Cost $ 650,500 
No. OfCustomers: 204 
No. OfLots: 100 
Gross Cost per Customer $ 4,412 
Gross Cost per Lof $ 9,000 
PAW A Net Cost per Customer $ 3,189 
PAW A Net Cost per Lot $ 6,505 
DCC Contribution per Lot $ 525 
TELSTRA Contribution per Lot $ 1,150 
AUST AR Contribution per Lot $ 820 

The high cost of the Nightcliff pilot program is due to the fact that the selected 

area requires more high voltage cables than average in a larger scale. Technical 

review also indicates that potential savings could be made in future projects. 

To estimate the overall cost of the 1 0-year underground program, it is assumed 

that 85% of the gross cost per customer could be applied in this scale of work. 

The table below calculates the estimated cost of undergrounding power in each 

suburb in today's dollars. 



10-YR UNDERGROUND PROGRAM 

Estmated gross cost per customer $ 3,750 
0/H Line No. of Estimated 
Suburbs Customers COST 
Nightcliff 1693 $ 6,348,750 

Rapid Creek 1424 $ 5,340,000 
Alawa/Jingili 1487 $ 5,576,250 

Nakara/Milner 1957 $ 7,338,750 
Coconut Grove 1313 $ 4,923,750 

Stuart Park 1680 $ 6,300,000 
Larrakeyah!Gardens 1454 $ 5,452,500 
Ludmilla/Narrows 825 $ 3,093,750 
Fannie Bay/Parap 2344 $ 8,790,000 
Wagaman!Moil 1509 $ 5,658,750 

$ 58,822,500 

4.3.3 FINANCIAL CONTRIBUTIONS: 

To reduce the net cost of the 1 0-year underground program to the Authority, 

financial support from other key stakeholders is vital. These stakeholders include 

the Darwin City Council (DCC), Telstra and Austar as they were in the Nightcliff 

pilot project. The study also examines a possibility of gaining additional 

contribution of individual consumers as well as the NT Government/Federal 

Government. 

Estimated contributions of identified key stakeholders throughout the entire 10-

year undergrounding program: 

• Darwin City Council contributed 60% of the cost of new concrete footpaths in 

the Nightcliff pilot project. DCC's contribution of around $525 per lot is 

believed to be fairly reasonable, hence that amount is applied in the 1 0-year 

underground program as follows: 
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DCC CONTRIBUTION ESTIMATE 
Cost of new concrete footpath per metre $ 35 
Average frontyard footpath per lot (m) 25 
Average cost new concrete footpath per lot $ 875 
DCC contribution ( 60% ) per lot $ 525 
Assume 60% of overhead power suburbs require new concrete footpath 

SUBURBS No. Of DCC Contribution 
Lots ( today's dollars ) 

NIGHTCLIFF 704 $ 221,760 
RAPID CREEK 768 $ 241,920 

ALA W A/JINGILI 1359 $ 428,085 
NAKARAIMILNER 1300 $ 409,500 
COCONUT GROVE 422 $ 132,930 

STUARTPARK 821 $ 258,615 
LARRAKEY AB/GARDENS 563 $ 177,345 

LUDMILLA/NARROWS 557 $ 175,4~5 

F ANNIE BAY lP ARAP 988 $ 311,220 
WAGAMAN/MOIL 1267 $ 399,105 

$ 2,755,935 

• Telstra, Australian largest telecommunication carrier, contributed the most significant 

amount in the Nightcliff pilot project for shared owning the new installed 

underground duct system. ( $1,150 per lot ). It is anticipated that its contribution per 

lot in the 1 0-year program could be reduced by 40 percent as Telstra currently has 

some underground ducts in some of overhead power line suburbs. Accurate 

information is not available at this stage of the study. 

TELSTRA CONTRIBUTION 

Average Contribution per Lot for entire program $ 690 
SUBURBS Number of TELSTRA Contribution 

Lots ( today's dollars ) 
NIGHT CLIFF 704 $ 485,760 

RAPID CREEK 768 $ 529,920 
ALA W A/JINGILI 1359 $ 937,710 

NAKARAIMILNER 1300 $ 897,000 
COCONUT GROVE 422 $ 291,180 

STUARTPARK 821 $ 566,490 
LARRAKEY AH/GARDENS 563 $ 388,470 

LUDMILLA!NARROWS 557 $ 384,330 
F ANNIE BAY lP ARAP 988 $ 681,720 

WAGAMAN/MOIL 1267 $ 874,230 

$ 6,036,810 
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• A us tar~ a PAY-TV service company, also shared the installation cost of the new duct 

system to underground their cables in the Nightcliff pilot project. However their 

intention to contribution to the entire 1 0-year program is not known for the time 

being as it depends on the future growth or decline of the business. In my opinion, 

they could contribute about 50 percent of the amount they contributed in the pilot 

project. 

AUSTAR CONTRIBUTION 

Average Contribution for entire program per lot $ 410 
SUBURBS Number of AUSTAR 

Lots Contribution 
NIGHTCLIFF 704 $ 288,640 

RAPID CREEK 768 $ 314,880 
ALA W A/JINGILI 1359 $ 557,190 

NAKARA/MILNER 1300 $ 533,000 
COCONUT GROVE 422 $ 173,020 

STUARTPARK 821 $ 336,610 
LARRAKEY AH/GARDENS 563 $ _230,830 

LUDMILLA/NARROWS 557 $ 228,370 
F ANNIE BAY lP ARAP 988 $ 405,080 

WAGAMAN/MOIL 1267 $ 519,470 

$ 3,587,090 

• Consumers and the community at large appreciate very much the benefits of sinking 

power lines. After the completion of the underground program, all consumers would 

experience less power interruptions caused by lightning, high winds and tree growth; 

reduced potential risks of electrocution by damaged conductors falling to ground, and 

reduced injury risks of vehicle crashes with power poles. For many years, 

undergrounding power in such a large scale did not eventuate because of the 

significant capital cost born by Electricity Supply Authorities alone. This study looks 

at the possibility of consumer contribution in the 1 0-year underground program. The 

proposed amount of consumer contribution is equivalent to 20 percent of PAW A 

estimated gross cost per customer. 
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CONSUMER CONTRIBUTION 

Proposed Contribution per consumer $ 750 
SUBURBS No. of Consumer 

Consumers Contribution 
NIGHTCLIFF 1693 $ 1,269,750 

RAPID CREEK 1424 $ 1,068,000 
ALA W A/JINGILI 1487 $ 1,115,250 

NAKARA/MILNER 1957 $ 1,467,750 
COCONUT GROVE 1313 $ 984,750 

STUARTPARK 1680 $ 1,260,000 
LARRAKEY AH/GARDENS 1454 $ 1,090,500 

LUDMILLA/NARROWS 825 $ 618,750 
F ANNIE BAY JP ARAP 2344 $ 1,758,000 

WAGAMAN/MOIL 1509 $ 1,131,750 

$ 11,764,500 

• Contribution of the NT Government/Federal Government is also examined when 

further financial assistance is needed to make the 1 0-year underground project viable. 

The amount ofNT Government/Federal Government contribution is revealed in 

scenario 3 ofthe Underground Power System, Model2. 
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4.4 TREE TRIMMING COSTS: 

When one tree limb falls into an overhead power line it causes electricity supply 

disruption to consumers that would result in many thousands of dollars in lost revenue 

and repair costs. PAW A spends around $3 80,000 in 1997/98 budget on vegetation 

management activities. This figures includes tree trimming requirements for transmission 

tower lines (66kV and 132kV) and rural areas. This makes vegetation control ·one of the 

~ largest items on Northern Region's overhead power operations budget. A figure for the 

tree trimming cost in Darwin residential areas of $200,000 is used in the economic 

model. 

Average cost distribution for each overhead line suburb is calculated as follows: 

Tree Trimming 98/99 budget($/yr) $ 200,000 
Total 0/H route length (km) 203 
Tree trimming cost per km: $ 985 

0/H Line HV LV Route Length Annual Tree 
Suburbs km km km Trimming Cost 
Nightcliff 5.8 17 18.16 $ 17,892 

Rapid Creek 4.32 13.1 13.964 $ 13,758 
Alawa/Jingili 9.7 29 30.94 $ 30,483 

Nakara/Milner 10.8 23.4 I 25.56 $ 25,182 
Coconut Grove 5.4 7.8 8.88 $ 8,749 

Stuart Park 9.35 17 18.87 $ 18,591 
Larrakeyah/Gardens 9.9 14.35 16.33 $ 16,089 
Ludmilla/Narrows 11.2 14.5 16.74 $ 16,493 
Fannie Bay/Parap 14 24.9 27.7 $ 27,291 
Wagaman/Moil 11.7 23.55 25.89 $ 25,507 

After decades of expenditure and increased knowledge and awareness regarding tree 

species selection, tree pruning techniques and associated risks of electrocution, both 

PAW A and Darwin City Council are still having to manage the never ending problems of 

trees and overhead power lines. Undergrounding would be the definite answer to these 

problems as it improves visual amenity and reduces exposure to electrocution and other 

public safety issues associated with tree clearing. 
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For PAW A the undergrounding pro grain would help to eliminate its annual expenditure 

on tree trimming work in residential suburbs by the end of Year 9. Annual tree trimming 

savings could be estimated as indicated in the below table: 

TREE TRIMMING SAVINGS 

CPI = 3% 
YEAR SUBURB 

Nightcliff Rapid Alawa Nakara Coconnut Stuart Larrakeya Ludmilla Fan. Bay Wagaman SAVINGS 

0 ·Creek Jingili Milner Grove Park Gardens Narrows Parap M oil 

$17,967 $17,967 

2 $18,506 $14,231 $32,737 

3 $19,062 $14,658 $32,477 $66,196 

4 $19,633 $15,098 $33,451 $27,635 $95,817 

5 $20,222 $15,551 $34,455 $28,464 $9,889 $108,580 

6 $20,829 $16,017 $35,488 $29,318 $10,185 $21,643 $133,481 

7 $21,454 $16,498 $36,553 $30,197 $10,491 $22,293 $19,292 $156,777 

8 $22,098 $16,992 $37,650 $31,103 $10,806 $22,961 $19,871 $20,370 $181,850 

9 $22,760 $17,502 $38,779 $32,036 $11,130 $23,650 $20,467 $20,981 $34,717 $222,02~ 

10 $23,443 $18,027 $39,943 $32,997 $11,464 $24,360 $21,081 $21,610 $35,759 $33,423 $262,107 
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4.5 POLE REHABILITATION COSTS: 

Several factors unique to Darwin urban suburbs affect the integrity of the existing 

overhead power lines. These are: 

• Most of Darwin's overhead lines were damaged during cyclone Tracy in 1974 and re-

erected with considerable salvaged material. 

• Humid weather and strong coastal wind speed up corrosion of steel power poles. 

To prevent the incidence of corroded overhead poles collapsing, PAW A has to carry out 

pole rehabilitation work annually. The work includes inspection of around 3400 poles, re-

enforcing corroded poles with new steel plates and patching pole foundations. 

The table below shows estimated annual cost in today's dollars per suburb for the pole 

rehabilitation work: 

Use $150K from 98/99 budget $ 150,000 
Total 0/H route length (km) 203 
Cost per km $ 739 

SUBURBS Route Length Estimated 
km Annual Cost 

NIGHTCLIFF 18.16 $ 13,419 
RAPID CREEK 13.96 $ 10,315 

ALA W A/JINGILI 30.94 $ 22,862 
NAKARAIMILNER 25.56 $ 18,887 
COCONUT GROVE 8.88 $ 6,562 

STUARTPARK 18.87 $ 13,943 
LARRAKEY AH/GARDENS 16.33 $ 12,067 

LUDMILLA/NARROWS 16.74 $ 12,369 
F ANNIE BAY lP ARAP 27.7 $ 20,468 

WAGAMAN/MOIL 25.89 $ 19,131 

In the Underground Power Model, these costs would be gradually reduced along with the 

overhead power line suburbs being undergrounded. Taking the concept of time of money 

into account, the table below presents the savings over the years while the 

undergrounding project is happening. 
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POLE REHABILITATION SAVINGS 
CPJ= 3% 

YEAR SUBURB 
Nightcliff Rapid Alawa Nakara Coconnut Stuart Larrakeya Ludmilla Fan. Bay Wagaman TOTAL 

0 Creek Jingili Milner Grove Park Gardens Narrows Parap M oil 
1 $13,822 $13,822 
2 $14,236 $10,946 $25,183 
3 $14,663 $11,275 $24,982 $50,920 
4 $15,103 $11,613 $25,731 $21,257 $73,705 
5 $15,556 $11,961 $26,503 $21,895 $7,607 $83,523 
6 $16,023 $12,320 $27,298 $22,552 $7,835 $16,649 $102,678 
7 $16,504 $12,690 $28,117 $23,229 $8,070 $17,148 $14,841 $120,599 
8 $16,999 $13,071 $28,961 $23,925 $8,313 $17,663 $15,286 $15,669 $139,886 
9 $17,509 $13,463 $29,830 $24,643 $8,562 $18,192 $15,745 $16,139 $26,706 $170,788 
10 $18,034 $13,867 $30,725 $25,383 $8,819 $18,738 $16,217 $16,623 $27,507 $25,710 $201,622 
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4.6 OPERATIONS AND MAINTENACE COSTS: 

4.6.1 OVERHEAD POWER MODEL: 

Estimated cost of overhead power lines' operations and maintenance per suburb is 

tabulated in the table below. They are calculated based on PAW A's Northern Region 

budget and estimated distance of overhead distribution lines. 

Use $330K from 98/99 budget $ 330,000 
Total 0/H route length (km) 203 
Cost per km $ 1,626 

SUBURBS Route Length Estimated Cost 
km today's dollars 

NIGHT CLIFF 18.16 29,521 
RAPID CREEK 13.964 22,700 

ALA W A/JINGILI 30.94 50,297 
NAKARA/MILNER 25.56 41,551 
COCONUT GROVE 8.88 14,435 

STUARTPARK 18.87 30,675 
LARRAKEY AH/GARDENS 16.33 26,546 

LUDMILLAINARROWS 16.74 -27,213 
F ANNIE BAY lP ARAP 27.7 45,030 

WAGAMAN/MOIL 25.89 42,087 

The following table shows estimated annual savings of overhead lines' operations 

& maintenance costs as successive suburbs are being undergrounded. 

OVERHEAD LINES' OPERATIONS & MAINTENANCE SAVINGS 
CPI= 3% 

YEAR SUBURB 
Nightcliff Rapid Alawa Nakara Coconnut Stuart Larrakeya Ludmilla Fan. Bay Wagaman SAVINGS 

0 Creek Jingili Milner Grove Park Gardens Narrows Parap M oil 
1 $30,407 $30,407 
2 $31,319 $24,082 $55,401 
3 $32,258 $24,805 $54,961 $112,024 
4 $33,226 $25,549 $56,610 $46,766 $162,151 
5 $34,223 $26,316 $58,308 $48,169 $16,734 $183,750 
6 $35,250 $27,105 $60,057 $49,614 $17,236 $36,628 $225,890 
7 $36,307 $27,918 $61,859 $51,102 $17,753 $37,726 $32,648 $265,315 
8 $37,396 $28,756 $63,715 $52,636 $18,286 $38,858 $33,628 $34,473 $307,747 
9 $38,518 $29,618 $65,626 $54,215 $18,834 $40,024 $34,637 $35,507 $58,754 $375,733 
10 $39,674 $30,507 $67,595 $55,841 $19,399 $41,225 $35,676 $36,572 $60,517 $56,561 $443,566 
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4.6.2 UNDERGROUND POWER MODEL: 

Operations & maintenance cost per suburb being transformed to underground 

power system is calculated based on estimated costs per kilometre distance of 

high voltage and low voltage. 

Repair/maintenance of U/G low voltage mains: 
Cyclic $ 30,000 

Unforseen $ 35,000 
U/G low voltage circuit length (km) 116 

LV Cost per km $ 560 
Repair/maintenance of U/G high voltage mains: 
Assume 80% R&M for Darwin urban 

Cyclic for Darwin urban $ 168,000 
Unforseen for Darwin urban $ 144,000 

U/G high voltage circuit length (km) 198.5 
HV Cost per km $ 1,572 

SUBURBS HV LV Annual Cost 
km km today's dollars 

NIGHTCLIFF 5.8 17 $ 18,642 
RAPID CREEK 4.32 13.1 $ 14,131 

ALAWA/JINGILI 9.7 29 $ 31,496 
NAKARAIMILNER 10.8 23.4 $ 30,087 

COCONUT GROVE 5.4 7.8 $ 12,858 
STUART PARK 9.35 17 $ 24,222 

LARRAKEYAH/GARDENS 9.9 14.35 $ 23,602 
LUDMILLA/NARROWS 11.2 14.5 $ 25,729 
FANNIE BAY/PARAP 14 24.9 $ 35,958 

WAGAMAN/MOIL 11.7 23.55 $ 31,586 

$ 248,311 

With the succession of overhead line suburbs being undergrounded, the table 

belo~ shows the cost incurred every year during the 1 0-year program: 
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UNDERGROUND POWER SYSTEM'S OPERATIONS & MAINTENANCE COSTS 

CPI = 3% 

YEAR SUBURB 

Nightcliff Rapid Alawa Nakara Coconnut Stuart Larrakeya Ludmilla Fan. Bay Wagaman Accum. 

0 Creek Jingili Milner Grove Park Gardens Narrows Parap Moil COST 

$19,201 $19,201 

2 $19,777 $14,992 $34,769 

3 $20,371 $15,441 $34,417 $70,228 

4 $20,982 $15,905 $35,449 $33,863 $106,199 

5 $21,611 $16,382 $36,512 $34,879 $14,906 $124,290 

6 $22,260 $16,873 $37,608 $35,925 $15,353 $28,922 $156,941 

7 $22,927 '$17,379 $38,736 $37,003 $15,814 $29,790 $29,027 $190,677 

8 $23,615 $17,901 $39,898 $38,113 $16,288 $30,684 $29,898 $32,593 $228,990 

9 $24,324 $18,438 $41,095 $39,257 $16,777 $31,604 $30,795 $33,571 $46,917 $282,777 

10 $25,053 $18,991 $42,328 $40,434 $17,280 $32,552 $31,719 $34,578 $48,325 $42,449 $333,709 
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4. 7 ELECTRICAL POWER LOSSES: 

4.7.1 OVERHEAD POWER MODEL 

Overhead power line conductors have large resistance values. Consequently, 

electrical power losses in an overhead power line are far more significant than 

electrical power losses of cables in the underground power system. 

The table below estimates annual cost of each suburb to PAW A due to electrical 

power losses in the existing overhead power lines: 

*Losses in overhead conductor: 
Assume cheny conductor for High Voltage & Low Voltage mains 
High Voltage Losses per km $ 1,299.0 
Low Voltage Losses per km $ 1,126.0 

SUBURBS HV LV Estimated 
km km Annual Cost 

NIGHT CLIFF 5.8 17 $ 26,676 
RAPID CREEK 4.32 l3.1 $ 20,362 

ALA W A/JINGILI 9.7 29 $ 45,254 
NAKARA/MILNER 10.8 23.4 $ 40,378 
COCONUT GROVE 5.4 7.8 $ 15,797 

STUARTPARK 9.35 17 $ 31,288 
LARRAKEY AH/GARDENS 9.9 14.35 $ 29,018 

LUDMILLA/NARROWS 11.2 14.5 $ 30,876 
F ANNIE BAY JP ARAP 14 24.9 $ 46,223 

WAGAMAN/MOIL 11.7 23.55 $ 41,716 
Estimated Cost : $ 327,588 

4.7.2 UNDERGROUND POWER MODEL 

One· of many tangible benefits of the underground power system to PA WA is 

having lower electrical power losses of the cables compared to overhead 

conductors. Estimated annual underground power losses for all suburbs are 

tabulated as follows: 
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*Losses in underground cables: 
Assume 240sqmm, I C, XLPE cable for HV & LV mains 
High Voltage Losses per km $ 545 
Low Voltage Losses $ 472 

SUBURBS HV LV Estimated 
km km Annual Cost 

NIGHT CLIFF 5.8 17 $ 11' 185 
RAPID CREEK 4.32 13.1 $ 8,538 

ALA W A/JINGILI 9.7 29 $ 18,975 
NAKARA/MILNER 10.8 23.4 $ 16,931 
COCONUT GROVE 5.4 7.8 $ 6,625 

STUARTPARK 9.35 17 $ 13,120 
LARRAKEY AH/GARDENS 9.9 14.35 $ 12,169 

LUDMILLAINARROWS 11.2 14.5 $ 12,948 
F ANNIE BAY lP ARAP 14 24.9 $ 19,383 

WAGAMAN/MOIL 11.7 23.55 $ 17,492 
Estimated Cost: $ 137,364 
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4.8 ANNUAL REVENUE LOSSES: 

The overhead power lines are more susceptible to failures caused by lightning and high 

winds in the wet season. These power interruptions result in losses of revenue for both 

PAW A and small business sector in particular. 

4.8.1 PAW A's ANNUAL REVENUE LOSSES 

Estimated annual PAW A revenue losses are based on statistical records of total 

customer hour outages in 1996, with assumptions as follows: 

0/H Customer Hr lost in 1996 
Assume annual domestic customer bill 
Average annual domestic consumption (kWh) 
Average domestic load (kW) 
Revenue lost($)= average load x cust. Hr loss x $0.12: 

4.8.2 ANNUAL BUSINESS TRADING LOSSES 

$ 

$ 

9380 
973 
8108 
0.93 

1,042 

Frequent overhead power line interruptions in the wet season also result in income 

losses for business. This study attempts to estimate average annual business trading 

losses in the community with collected data and assumptions as follows: 

96 ANNUAL REPORT- Northern Region (Darwin): 
Total Customers 
No. Of Commercial 

Percentage of Commercial Customers 

0/H Customer Hr lost in 1996 
Total 0/H Customers 
Average Annual Outage Loss per Customer 
Commercial Customers with 0/H supply 
Total Annual Commercial Hr Loss 
Trading Loss@ $50/hr 
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32914 
4708 
14% 

9380 
15900 

0.59 
2226 

1313.2 

65,66o I 



RESULT EVALUATION 

4.9 EVALUATION OF RESULTS 

Two economic models are evaluated for overhead and underground power systems. In the 

underground power model, there are three scenarios to be examined as follows: 

MODEL 2: UNDERGROUND POWER SYSTEM 

UNDERGROUND POWER PROGRAM'S CONTRIBUTIONS 
SCENARIO 1 SCENARIO 2 SCENARI03 

DARWIN CITY COUNCIL 5% 5% 5% 
TELSTRA 10% 10% 10% 
AUSTAR 5% 5% 5% 

CONSUMERS 20% 20% 
NT GOVT./FED. GOVT. 30% 

PAWA 80% 60% 30% 

Based on Consumer Price Index of 3% and a base disc~mnt rate of 8%, each model is 

evaluated by the Net Present Value method. The results are tabulated in the below table: 

SUMMARY OF COSTS 
(DISCOUNT RATE OF 8%, CPI OF 3%) 

1-PAWAONLY 

NPV OF MODEL 1 - OVERHEAD LINE SYSTEM ( x $ 000,000) 
NPV OF MODEL 2- UNDERGROUND POWER SYSTEM ( $ 000,000) 

11- PAWA & EXTERNALITIES 

NPV OF MODEL 1 - OVERHEAD LINE SYSTEM ( x $ 000,000) 
NPV OF MODEL 2- UNDERGROUND POWER SYSTEM ( $ 000,000) 

SCENARIO 1 SCENARIO 2 SCENARIO 3 
28.6 
46.8 38.9 25.5 

SCENARIO 1 SCENARIO 2 SCENARIO 3 

37.0 
49.2 41.3 27.9 

Scenario 1: Undergrounding Program with Darwin City Council, Telstra and Austar contributions 

Scenario 2: Undergrounding Program with Darwin City Council, Telstra, Austar and Consumer contributions 

Scenario 3: Undergrounding Program with Darwin City Council, Telstra, Austar, Consumers and NT/Fed Government contributions 
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Summary of the result evaluation: 

• It would cost PA WA $28.6 millions in today's dollars over 30-year period if the 

Authority wishes to retain the existing overhead power lines. 

• It would be not economic for PAW A to convert existing overhead power system to 

underground if identified financial contributions in the 1 0-year undergrounding 

program are only from DCC I Telstra I Austar or from DCC I Telstra I Austar I 

Consumers (Scenarios 1 and 2). 

• PAW A would have economic justification to underground existing power lines 

(Scenario 3) if all key stakeholders contributed their shares of costs as follows: NT 

Govt./Federal Govt. (30%), consumers (20%), Telstra (10%), DCC (5%) and Austar 

(5%). 

• When externalities' costs are taken into account, overall cost of the overhead line 

system increases to $37.0 millions in today's dollars over a period of30 years. 

• With additional externalities' costs included, the relative economic position of the 

underground power system (Scenario 3) would not change when compared to the 

overhead power system. 
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4.10 SENSITIVITY TESTS 

To examine how the above results would react to changes of discount rates in the future, 

sensitivity tests are carried out in both models. Plus and minus 2% of the base discount 

rates are applied in both models with results as follows: 

1-PAWAONLY 
DISCOUNT RATES 

NPV OF MODEL 1 - OVERHEAD LINE SYSTEM ( x $ 000,000) 
NPV OF MODEL 2- UNDERGROUND POWER SYSTEM ( $ 000,000) 

SCENARIO 1 
SCENARI02 
SCENARI03 

11 - PAWA & EXTERNALITIES 

NPV OF MODEL 1 - OVERHEAD LINE SYSTEM ( x $ OQO,OOO) 
NPV OF MODEL 2- UNDERGROUND POWER SYSTEM ( $ 000,000) 

SCENARIO 1 
SCENARI02 
SCENARI03 

Scenario 1: Undergrounding Program with Darwin City Council, Telstra and Austar contributions 

6% 
36.2 . 

52.3 
43.6 
28.9 

6% 
46.8 

54.9 
46.3 
31.6 

Scenario 2: Undergrounding Program with Darwin City Council, Telstra, Austar and Consumer contributions 

8% 
28.6 

46.8 
38.9 
25.5 

8% 
37.0 

49.2 
41.3 
27.9 

Scenario 3: Undergrounding Program with Darwin City Council, Telstra, Austar, Consumers and NT/Fed Government contributions 

• With lower discount rate, ie. 6%, the relative economic position of each scenario or 

model is the same as found in the evaluation with the base discount rate. 

• Even at a higher discount rate of 10%, the results still agrees with the findings as with 

the base discount rate. 

• This means that the proposed economic models are not sensitive to fluctuations of 

discount rates within plus or minus 2%. The sensitivity tests confirm that P A WA 

would have economic justification to underground existing power lines (Scenario 3) 

if all key stakeholders contribute their shares of costs as proposed in the analysis. 
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23.2 

42.2 
35.0 ' 

22.7 ~ :1 

10% 
30.0 

44.5 
37.3 
25.0 



Refer to following Appendices for details of calculations and summary of hypotheses 

used in each ModeVScenario: 

Appendix 3: 

Evaluation of Model 1 - Overhead Power System at discount rates of 6%, 8% & 

10%. 

Appendix 4: 

Evaluation of Scenario 1 in Model2- Underground Power System where Darwin 

City Council, Telstra and Austar contributed to the 1 0-year underground program 

at discount rates of 6%, 8% & 10%. 

Appendix 5: 

Evaluation of Scenario 2 in Model 2 -Underground Power System where Darwin 

City Council, Telstra, Austar and Consumers contributed to the 1 0-year 

underground program at discount rates of 6%, 8% & 10%. 

Appendix 6: 

Evaluations of Scenario 3 in Model 2 - Underground Power System where 

Darwin City Council, Telstra, Austar, Consumers and NT Government/Federal 

Government contributed to the 1 0-year underground program at discount rates of 

6%,8% & 10%. 
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CHAPTERS 

SUMMARY and CONCLUSIONS 

In Darwin, all new residential suburbs are being developed with an underground power 

supply. Older su~urbs however, about 9000 lots (or 16,000 customers), retain overhead 

power lines which are ageing and vulnerable to damage by extreme tropical weather 

conditions, fast tree growth and collision of vehicles with power poles. The 

undergrounding of existing distribution power lines is not only technically complex but 

also believed to be financially expensive to Electricity Supply Authorities (Power and 

Water Authority- PA WA - in the Northern Territory). The purpose of this dissertation is 

to prepare an economic study, which evaluates the commercial viability of a 1 0-year 

underground power project in Darwin residential suburbs. 

The study attempts to calculate tangible benefits that are clearly quantifiable savings for 

P A WA as a result of putting cable underground, such as: reduced cyclone insurance 

premium and cyclone damage risks, reduced power surge claims, reduced costs of repair 

to power poles damaged by vehicles, reduced tree trimming costs, lower operations and 

maintenance costs, reduced electrical power losses and reduced revenue losses. The study 

also investigates tangible wider benefits comprising essentially quantifiable benefits to 

the community, such as: savings from death and injury, property and vehicle damage in 

motor vehicle accidents due to collision with power poles, and reduced business trading 

losses due to interruptions to supply. The cost of the 1 Oyr underground program is 

estimated based on the evaluation of a pilot undergrounding power project along 
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Bougainvillea Street, Grevillea Circuit and Cunjevoi Crescent in suburb of Nightcliff in 

the period October 1997 to January 1998. 

Data is collected from PAW A Northern Region budgets, the Nightcliff pilot underground 

project, Territory Insurance Office, Bureau of Meteorology, Road Safety & Legislation 

Branch (Department of Transport & Works) and Bureau of Transport & Communication 

Economic (Commonwealth). 

Two economic models are developed for overhead and underground power systems. The 

Net Present Value (NPV) method is applied to compare overall costs of each system with 

respect to PAW A and combined PAW A and externalities over a period of thirty years 

with a base discount rate of 8% and Consumer Price Index of 3%. Three scenarios in the 

underground power model are evaluated against the overhead power model. Scenario 1 

includes only financial contributors that participate with the Authority in the Nightcliff 

pilot program (Darwin City Council, Telstra and Austar). Scenario 2 looks at the 

possibility of additional contributions of consumers in the 10_-year underground program 

and Scenario 3 includes additional financial assistance of the Northern Territory 

Govemment/F ederal Government. 

It is found that from P A WA point of view, the cost of placing the existing overhead 

power system underground would only be justified if 70% of the total costs of the 1 0-year 

undergrounding scheme are recovered through contributions from the stakeholders. The 

pilot underground project in Nightcliff identifies contributions of 20% of the total cost, 

from Darwin City Council (5%), Telstra (10%) and Austar (5%). It is reasonable to 

assume that 20% of the project cost could be recovered by charging customers a basic fee 
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of $750 as a contribution towards the cost of converting their existing overhead service 

underground. There remains a further 30% of total costs to be recovered from the NT 

Government/Federal Government. Sensitivity tests reveal that the results does not change 

when both overhead and underground power models are evaluated with discount rates of 

6% and 10%. 

With the new East Arm Port under construction and the long awaited Darwin-Alice 

Springs railway becoming a reality in the next 5 years, Darwin is transforming into an 

important import/export gateway for Australia in the future. The Federal Government 

should contribute on a dollar for dollar basis with the NT Government as a strategic 

benefit to protect 70% of Darwin residents from the potential risk of losing power 

supplies as result of another cyclone Tracy. The NT Government's contribution could be 

funded by way of a reduction in annual dividends payable by PAW A to the NT 

Government. 

Not all tangible benefits of Darwin urban underground power can be identified and 

quantified in the models, however, the study indicates that there are ways to make this 

happen. There are other benefits of putting cables underground that are not quantified in 

this study. The two economic models for evaluation of the overhead and underground 

power systems can be improved in future studies incorporating such benefits as: 

• Reduced greenhouse gas emissions from savings in electrical power losses; 

• Indirect effects on the Northern Territory economy, such as on overall gross domestic 

product or employment growth during the 10-year underground program; 

• Intangible benefits of urban amenity improvements flowing to local residents and 

communities; 
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• Probably increased property values in some local areas. 

From the P A WA point of view, although there are clear and distinct benefits in having all 

urban distribution power lines underground, capital investment in such program with all 

construction costs born by the Authority, is unlikely to generate sufficient return in 

meeting its business objectives. It would seem that in addition to contributions of the 

council and telecommunication service providers; financial support from the Northern 

Territory Government/Federal Government and public willingness to contribute at a 

reasonable rate are vital for the power underground program to eventuate. Various 

options of consumer's contribution are to be investigated and offered by the Authority to 

make it easily affordable. Without a strong commitment from the Territory/Federal 

Government and community support, it is unlikely that -older urban suburbs in Darwin 

will be transformed on a large scale in the foreseeable future. 
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APPENDIX "1" 
"UNDERGROUNDING FOR A BETTER 

CURRENT SITUATION 

OVERHEAD 
SUBURBS NUMBER OF 

LOTS 

ALAWA 713 

COCONUT GROVE 483 

FANNIE BAY 547 

JINGILI 642 

LARRAKEYAH 517 

LUDMILLA 424 

MILLNER 671 

MOlL 11511 

NAKARA 636 

NARROWS 144 

NIGHT CLIFF 813 

PORT 
PARAP 503 

RAPID CREEK 730 

STUART PARK 860 

WAGAMAN 1119 

DARWIN" 

1313 

1321 

645 

13111 

1562 

1060 

7511 

897 

2113 

1897 

1023 

1424 

1680 

750 ~ 
TOTAL 8958 15797 

ACILITIE I FORMATION UNIT 

LEGEND 
EXlllnNG UNDERGROUND alF'Pl.V AREA 

ow:~ ~y ••• UNOe" 
COMSmf:RA TJON POll I..INDOG~G 
~ ...,_. 

T.l 
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I I APPENDIX 2 : I 
I TROPICAL CYCLONE RECORD - 1964 • 97 . l ! 

I (Data obtained from Darwin Bureau of Meteology) I I 
I I I i I I 

NORTHERN TERRITORY I :200KM OF DARWIN DATA 
I I I ! ; I 

TOTAL OF 60 CYCLONES I I 'TOTAL OF 27 CYCLONES I 
I I I I I I I 

Cvclone Name I Cvclone Code I Year I Cvclone Name · Cvclone Code I Year 
1 CARMEN I C1 I 64 ; I 1 I CARMEN ! C1 I 64 I 

2 DORA I C1 I 64 I 2 FLORA ; C1 I 64 
3 FLORA I C1 I 64 I 3 MARIE I C1 I 65 I 

4 ' AMANDA I C1 I 65 I 4 I AMANDA I C1 I 65 I I 

5 JUDY I C1 I 65 . I 5 : BETTY I C1 I 66 
6 MARIE I C1 I 65 I 6 i JOY ! C1 I 66 
7 BETTY I C1 I 66 I 7 I BERTHA I C1 I 68 
8 JOY I C1 I 66 I 8 ! BONNIE I C1 I 68 
9 CYNTHIA I C1 I 67 I 9 I AUDREY I C1 I 69 
10 BERTHA I C1 I 68 I 10 ; BEVERLY I C1 I 70 
11 ' BONNIE I C1 I 68 I I 11 I KITIY I C1 I 71 I 

12 AUDREY I C1 I 69 I 12 i INES ' C1 I· 73 
13 BEVERLY I C1 I 70 I 13 ' JENNY C1 I 74 ' 
14 AGGIE I C1 

I 

71 I I 14 WILMA I C1 i 75 I 
15 KITIY I C1 I 71 I 15 I LINDA C1 I 76 
16 BELLA I C1 I 73 I 16 i MAX C1 I 81 
17 JNES I C1 I 73 I 17 i AMELIA C1 I 81 
18 LEAH I C1 I 73 I I 18 BRUNO C1 I 82 
19 JENNY I C1 I 74 I 19 HECTOR C1 I 86 I 
20 YVONNE I C1 I 74 ' I 20 KAY C1 I 87 
21 KIM I C1 I 75 I 21 PHIL I C1 I 96 
22 WILMA I C1 I 75 : I 22 RACHEL ' C1 I 97 
23 LINDA I C1 I 76 I : ! I 

24 GWEN ! C1 I 78 i 1 - SELMA ' C2 I 74 
25 HAL I C1 I 78 I 2 ! VERNA ' C2 : 77 
26 PETER I C1 I 78 I 3 I GRETEL ! C2 : 85 
27 GRETA I C1 ! 79 I 4 I NEVILLE C2 i 92 
28 STAN I C1 ! 79 ! i I I 

I 

29 DORIS I C1 I 80 I 1 I TRACY I C4 I 74 I 

30 AMELIA i C1 ! 81 I I I 
31 MAX I C1 ! 81 I I 
32 BRUNO i C1 I 82 I I I 
33 CORAL I C1 I 82 I i I 
34 REBECCA I C1 I 85 I : ! ! 
35 HECTOR I C1 I 86 I I I 
36 KAY I C1 I 87 I I I 
37 FELICITY I C1 ! 89 : I I I 

38 MARK I C1 I 92 I ! I I 

39 SADIE I C1 94 I ! I 
40 PHIL ! C1 I 96 I : ! 
41 U/N I C1 ! 96 ! ' 

' 42 RACHEL I C1 I 97 I I ; 
i I ' ! 

1 FIONA I C2 I 71 I I 

2 ADELINE I C2 : 73 I ! 
3 MADGE I C2 I 73 I 
4 SELMA I C2 I 74 I I 

5 TED I C2 ; 76 I i I 

6 VERNA ; C2 I 77 : ! I I 

7 EDDIE I C2 I 81 ! ! 

8 U/N I C2 I 82 I ' 
9 GRETEL I C2 I 85 I ' I 
10 IRMA I C2 i 87 ' I i I 

11 JASON C2 ; 87 ! ' i 

12 : NEVJLLE C2 I 92 I 
13 ETHEL C2 I 96 ' I I I 

! i ' : I 
1 ROSA C3 I 79 I I I 
2 JIM C3 I 84 ! i I 

! ! I I : ! i 
1 TRACY C4 I 74 I : I 
2 ! SANDY C4 I 85 I I ! I 

i I. I I I 
1 I KATHY C5 I 84 ' I ' I I I 
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j, 

12.9 
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