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Section A:  Introduction and Methodology 
 
 
 
 
 
A1 Introduction  
 
 
A1.1 Background 
 
 Community infrastructures provide the utilities, services and linkages which allow 

modern society to function and develop.  These lifelines are the means by which 
we support our day-to-day activities and the means by which we respond to 
disasters and emergencies.  By their nature, lifeline infrastructures extend 
throughout the communities of a region and for most emergencies or disaster 
situations, impacts are localised or restricted to discrete parts of the 
infrastructures. 

 
 Under a major earthquake, however, with potential impacts covering a 100km 

radius or more, the total extent of a region's infrastructures, so important to the 
recovery process, is vulnerable to major damage and disruption. 

 
 Recent earthquakes around the world (Loma Prieta in California 1989, Philippines 

1990, Edgecumbe in New Zealand 1987), have highlighted the vulnerability of 
transportation, communication and utility systems and their importance in 
facilitating a response to the injury, death and damage which are an inevitable 
consequence of significant events in populated areas.  

 
 While much effort over the past 30 years has gone into making buildings and 

structures more resistant to earthquakes (and New Zealand has been at the 
forefront in developing and applying this technology), little effort has gone into the 
area of lifelines.  The potential for reducing social impacts, infrastructure damage 
and commercial losses through mitigation measures on lifelines is substantial. 

 
 The Centre for Advanced Engineering at the University of Canterbury initiated this 

project to provide a practical means of assessing the vulnerability of lifelines and 
also to identify the scope for measures to lessen that vulnerability and thus 
reduce the impact of a major earthquake. 

 
 It was decided to use a case study approach and the Wellington region, with its 

vulnerability to earthquakes and its arrangement of lifelines, provides all the 
necessary elements of risk, dependence and interdependence and is thus an 
ideal example.  This is the first practical study of its type to address the full range 
of existing lifelines across a region and while it focuses on Wellington, it is 
considered that the methodology developed is suitable for general application 
elsewhere. 

 
 New Zealand is one of the Pacific Rim countries which are geologically 

susceptible to earthquakes and its topography has been moulded by seismic and 
volcanic events.  The Wellington region includes two major active faults, both of 
which have moved in recent geological time, and is recognised as one of the most 
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at-risk areas of the country.  It has historically experienced a series of major 
events and in the past 150 years has suffered two large damaging earthquakes 
and ten small to moderate events, one of them damaging. 

 
 The likelihood of a major event in the region (Richter Magnitude Ms 7.5) with 

widespread consequential damage has been assessed at 10% in the next 50 
years.  The risk of a moderate event occurring with significant local damage has 
been assessed at 50% in the next 50 years. 

 
 Damage arising from these events in urban areas is expected to be considerable.  

The moderate Loma Prieta earthquake (Ms 7.1) in California caused US$6 billion 
of property damage in 1989.  Impacts from a moderate event in Wellington can be 
expected to be similar.  Impacts from a major event in Wellington have been 
estimated between NZ$10-20 billion in damage and loss.   

 
 From studies of recent earthquakes three things have become very clear: 
 

i) Damage to utilities and services is selective depending on the nature of the 
earthquake, the ground conditions and the construction and arrangements 
of the installations. 

 
ii) With a combination of geological and engineering assessment it is possible 

to identify areas and components which are potentially vulnerable. 
 
iii) Much can be done, often at relatively low cost, to reduce the susceptibility of 

services and utilities to damage from earthquakes and improve their ability 
to recover. 

 
 If particular hazards and vulnerabilities can be identified, especially for key 

components, then cost effective measures can be put in place to reduce the risk 
and the impact of damage. 

 
 
A1.2 Scope 
 
 At an early stage of the project the following objectives were defined: 
 

i) To establish a means of identifying the vulnerability to damage from 
earthquakes of engineering lifeline services in the Wellington region. 

 
ii) To develop practical engineering strategies for reducing the risk or impact of 

such damage and for providing for reinstatement following such an event. 
 
iii) To communicate the issues to people involved in the management of these 

services (and of similar services in other urban areas of New Zealand) and 
to raise the awareness of the public to their importance. 

 
 These objectives recognised that large earthquakes will cause damage, and there 

will always be limited resources to apply to engineering mitigation measures.  The 
overall goal of mitigation measures is therefore to achieve maximum possible 
mitigation with the resources available.  

 
 The study addressed all the major lifelines in the Wellington region: 
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 • Water 
 • Drainage -sanitary 
   -stormwater 
 • Gas 
 • Electricity 
 • Telecommunications 
 • Broadcasting 
 • Transport -road 
   -rail 
   -sea 
   -air 
 • Building Services 
 

 The study area was defined as the region from the south Wellington coast to 
Plimmerton and Kaitoke in the north, covering the cities of Wellington, Porirua, 
Lower Hutt (including Wainuiomata and Eastbourne) and Upper Hutt - an area of 
approximately 700 square kilometres and a population of over 300,000.   

 
 For most utilities a hierarchy of networks allowed them to be considered at a 

regional, district and local level.  To contain the scope of the study to manageable 
proportions there was little work done on the local networks although local 
features of the district and regional networks were addressed. 

 
 The boundary of the study area for the regional network varied for each lifeline 

according to some relevant terminal or feature.  The road and rail networks 
included the potentially unstable coastal slopes as far north as Paekakariki, the 
water networks included the supply intakes at Kaitoke in the north and at the 
Orongorongo river in the east, and the electrical network included the 220kV lines 
into the major regional substation at Haywards. 

 
 In order to control the extent of the study and to limit the variables to be 

contemplated, mitigation measures were confined to engineering issues and 
specifically excluded civil defence or emergency response issues - except that 
clearly in many cases engineering response planning will facilitate the civil 
defence response. 

 
 Engineering mitigation measures were addressed at three levels: 
 

• asset planning and management measures 
• engineering design and detailing measures 
• preparedness and response planning 

 
 Building services are not normally included in the review of lifelines.  However 

they play an increasingly important part in sustaining business, industrial and 
social activity.  As such, they can be viewed as the final level of the lifeline 
hierarchy.  The level of service available can determine the nature of the building 
service installation.  The level of service required in some critical installations can 
determine the nature of the lifeline installation - right up the hierarchy.  Building 
services were included in the study to examine these interdependences and 
influences. 

 
 Clearly a study of this scope could not expect to cover all the issues arising and 
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so areas of uncertainty, or issues not addressed, were identified for future 
consideration by the utility organisations themselves. 

 
 
A1.3 Approach 
 
A1.3.1 Involvement  
  
 A key feature of the study has been the wide involvement of engineers and 

managers from the utility organisations which include both local authorities and 
companies.  The benefit of this has been in obtaining network information and in 
the ability to identify the key characteristics of each lifeline and target the problem 
areas.  In all, people from 17 utility organisations were involved.  Generally the 
skills of these people were more in utility operation and management than in 
earthquake assessment and the study was balanced with input from consultants 
with earthquake skills in a number of relevant areas. 

 
 Another feature has been the involvement of a geological and geotechnical group 

to define and describe the earthquake hazards.  The interaction has focussed the 
project on the practical description of the hazards and an assessment of their 
likely consequences on the lifelines.  

  
 A major and significant outcome of this approach has been the increased 

awareness of the earthquake problem within organisations responsible for 
lifelines, and of their interdependence.  With this comes the prospect of on-going 
work and implementation of mitigation measures by the lifeline organisations.  

 
A1.3.2 Task Groups 
 
 The study was broken into five Task Groups co-ordinated and managed by a 

project manager reporting to a project director.  A Steering Committee with 
members from the Centre for Advanced Engineering, utility organisations and 
consulting engineers provided overall guidance and approval of direction.  This 
committee was chaired by the project director and was also responsible for fund 
raising and publicity. 

 
 The following Task Groups were formed: 
 
 Task Group 1: Building Services 
 
 Task Group 2: Civil Services and Gas 

 • water 
 • drainage 
 • gas 
 
Task Group 3: Electrical and Telecommunications Services 
 • electricity 
 • telecommunications 
 • broadcasting 
 
Task Group 4: Transportation Network 
 • road 
 • rail 
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 • sea 
 • air 

 
Task Group 5: Geology and Geomechanics  

 
 Task Group leaders were appointed and liaison was maintained directly through 

the project manager and through monthly meetings of the Group Leaders, the 
project director, project manager and liaison members of the Steering Committee.  
The organisation of the project is shown in Figure A1.1. 

 
 Approximately 70 people contributed to the Task Group work, bringing a wide 

range of experience, perspectives and skills to the project.  A listing of project 
personnel is included at the front of this volume. 

 
 A brief was prepared for each Task Group with a proposed report format to 

ensure a consistent approach to the work.  The original briefs are included in 
Appendix AX1.   

 
 These briefs were very important in focussing the effort of the Task Groups into a 

common direction.  The scope of the subject was vast and it was necessary to 
define the extent to which the project could address it.  During the course of the 
study a sub-group was formed in the Civil Group to consider the technical aspects 
of buried pipelines.  This was because their vulnerability was so dependent on 
material and joint details and yet little relative information was available.  

 
A1.3.3 Geology and Geomechanics Group 
 
 The role of the Geology and Geomechanics Group was to define the nature and 

extent of the earthquake hazards in the region against which the other Groups 
could test the vulnerability of their networks.  This was initially done in a general 
form.  During the study the concept of an economic hierarchy of response 
developed.  Some critical components should survive major events and most 
components should survive moderate events.  It became necessary to define 
these events for the region. 

 
 Accordingly the Group defined a Maximum Credible Event and a Design Level 

Event.  Because the study was to consider mitigation measures for networks 
rather than expected damage from an explicit event, the impacts of these two 
events were considered on an envelope basis.  For individual critical components 
a suite of possible events or scenarios can be considered but such an approach 
was not practicable for the broad scope of this study.   

 
 The Maximum Credible Event, or Wellington Fault Event, related to a movement 

on the Wellington Fault causing an earthquake of Modified Mercalli 10 (MM X) 
intensity and local peak ground accelerations of 0.9g attenuating away from the 
fault.  It was assessed that the probability of such an event was about 10% in the 
next 50 years.  This relatively high probability for such a major event relates to 
both the geological return period and the time from the last event for the 
Wellington Fault 
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FIGURE A1.1:  CAE  Lifelines Project Organisation Chart 
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 The Design Level Event, or Moderate Regional Event, was defined as a regional 
earthquake of MM VIII intensity (without local fault movement) likely to cause peak 
ground accelerations of 0.3g anywhere in the region.  It was assessed that the 
probability of such an event was about 50% in 50 years. 

 
 An earthquake hazard map of the region was produced showing various 

geological conditions affected by earthquakes, e.g. hard ground, alluvial ground, 
fill and reclaimed land, steep slopes subject to landslide and active faults.  On to 
this was projected the envelope effects of the two levels of events.  The details of 
the Group's work are contained in Section A2 of this report. 

 
A1.3.4 Other Groups 
 
 For the other Groups the briefs defined an aim and objective and outlined the 

following tasks: 
 

• definition and description of each lifeline network and its 
 components 
• assessment of vulnerability of each component to identified 

 earthquake hazards 
• consideration of consequences of failure of components at risk 
• identification of engineering mitigation measures 

 
 Detail of the methodology followed by each Group is outlined in Section A3. 
 
 During the course of the definition and mapping of the networks it was necessary 

to constantly focus and limit the scope of the study.  For the results to be practical 
and of value to the region it was necessary to consider detail on the ground, yet 
for the array of networks considered, the scope of this was enormous.  It was 
therefore resolved to consider the lifelines in an hierarchical form and consider 
only the regional and district networks in detail.  The local networks could be 
addressed by individual utilities as a follow-up, although comment was given 
where appropriate. 

 
 Even at the regional and district level it was necessary to treat elements of the 

networks in quite large blocks.  Again individual utilities could follow up with more 
detailed treatment where appropriate. 

 
A1.3.5 Network Descriptions and Mapping  
 
 All networks were mapped at 1:25000 scale and digitised on to a common map 

database.  Networks were then overlaid on the earthquake hazard map at a 
common scale (1:60000 was used which covered the region on one A1 sheet) for 
assessing the vulnerability of individual components to particular hazards. 

 
 Defining and describing the networks was a particularly important discipline in this 

exercise as each chosen element of the network needed to represent an element 
of common importance or common potential vulnerability.  The descriptions thus 
needed to reflect the nature of the networks from a vulnerability point of view.  For 
example, what are the key components and potentially critical elements?  It was 
found that the very exercise of writing the descriptions highlighted some 
vulnerabilities in previously unexpected ways. 
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A1.3.6 Network Vulnerability 
 
 Each element of a network was assessed for its importance to the network, its 

exposure to specific hazards, its likelihood of failure in a given event and the 
impact or consequences of that failure.  The consequences were assessed for 
three time frames: immediately after the event, the period following the event and 
for return to normality.  Clearly elements which could be quickly restored following 
a failure would have less impact than ones which take weeks to replace, although 
the immediate priority would go to the former if it were important for the immediate 
restoration of an essential service. 

 
 In considering the likelihood of damage for a given event, the location in relation 

to hazards and the material or construction of an element was considered. 
 
 Physical network details were thus gathered and a series of judgements made in 

determining network vulnerability.  This was an iterative process and was often 
subjective where information was lacking.  In critical areas this would point to 
areas for further analytical assessment. 

 
 The network elements and assessments were compiled on a chart specifically 

developed for this purpose.  The descriptions and impacts remained constant and 
the vulnerability to damage was assessed for each level of earthquake.  The 
format of the chart is given in Figure A1.2.   

 
 From the vulnerability charts a list of vulnerable elements was compiled.  For the 

project a relatively coarse set of elements was used and those at risk were 
determined by a visual inspection of the charts.  For an individual utility a much 
finer set of elements could be defined, perhaps from a network inventory.  It may 
be possible to develop an algorithm to carry out the vulnerability assessment and 
listing by computer, but this was considered to be beyond the scope of the 
project.   

 
A1.3.7 Mitigation Measures 
 
 For the vulnerable elements identified, mitigation strategies were addressed.  

Strategies were considered from three different approaches: 
 

• policy/management measures, or planning to reduce the odds 
 
• engineering design and detailing measures, or designing to handle the 

event 
 
• preparedness and response planning, or planning to manage the results 

 
 This part of the study was necessarily limited as it followed a very intensive phase 

of defining and assessing the networks for vulnerability.  Nevertheless some 
useful and interesting results have emerged and further work is following within 
the utility organisations. 

 
 Further details of the Task Group work are reported in Section B. 
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A1.3.8 Interdependence and Conclusions 
 
 At the conclusion of the study the issues of interdependence of lifelines and the 

expected time and impediments to recover from a major event were addressed.  
These are important from the point of view of providing back-up facilities and for 
planning priorities for the civil defence response.  Some very useful insights have 
emerged from the study and some promising methodology was used.  These are 
reported in Section B11. 

 
 Conclusions and Recommendations together with comment on applications to 

other areas are contained in Section C of this Report.   
 
A1.3.9 Visiting Fellows & Workshop 
 
 To broaden the dimension of the study and to provide for specialist input, 

involvement of overseas experts was sought.  Three engineers from the USA, 
each a specialist in different aspects of lifeline engineering, were invited to 
participate through attending a workshop as Visiting Fellows and commenting on 
work outputs and the draft report.  Other specialists provided comment by 
correspondence. 

 
 Two thirds of the way through the study a three-day workshop was held in 

Wellington to review the work of the Task Groups and publicise the project.  
Attended by 100 people from the Task Groups and other interested parties, utility 
managers and local politicians, it provided a particularly effective forum for 
generating discussion and insights.  Of particular note was the awareness which 
developed during the course of the workshop of the interdependence of lifelines 
and the potential for managing the effects of earthquakes.  The input from the 
Visiting Fellows provided an international stimulus and the involvement of the 
geologists and seismic experts contributed substantially to the understanding of 
earthquake hazards, and lifeline issues generally. 

 
A1.3.10 Report and Follow-Up 
 
 Following the completion of this report a series of seminars around New Zealand 

is planned to promote the concepts of managing and mitigating against 
earthquake effects on lifelines. 

 
 The Wellington based study has addressed lifelines at the regional and district 

level and on a relatively broad basis.  More detail remains to be covered within 
the lifeline organisations and in many areas this is already being done.  The 
approach has been to stimulate an awareness so that earthquake issues become 
an accepted component of management and engineering decision making in 
lifeline utility and service organisations. 

 
 Throughout the project, participants were encouraged to take a long-term and 

practical view, recognising that all identified shortcomings could not be fixed 
immediately.  Rather, the underlying motivation should be that we can look back 
in 20 years time and see money effectively spent on reducing earthquake risk to 
lifelines.  Inevitably, somewhere, that effort will eventually be put to the test. 
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Figure A1.2: Sample of Vulnerability Chart 
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A2. Seismic Hazards & Geology 
 
 
A2.1 Introduction 
 
 The Geology and Geomechanics Group comprised 14 people with backgrounds in 

geology, seismology, geophysics and geotechnical engineering.  It provided the 
hazard information required by the other groups dealing with particular services, 
to enable them to assess the vulnerability of their structures and systems to the 
effects of large earthquakes. 

 
 The work largely involved the bringing together of relevant information from 

various sources.  Some of these data have been previously published, as in the 
DSIR microzoning bulletin for the Wellington region (Grant-Taylor et al, 1974), 
while other data has come from unpublished reports.  

 
 The first task undertaken by the group was to prepare a geological map of the 

Wellington region which would show the important features for earthquake hazard 
purposes. (Figure A2.1).  This map shows the location of known active faults 
(after Wellington Regional Council, 1990), and the areas of bedrock depressions 
filled with low strength sediments.  It also shows areas of steep natural and cut 
slopes, where instability might be expected during a large earthquake. 

 
 To assess the vulnerability of lifelines in the region, the ground response 

expected from two earthquake scenarios has been considered.  The first was a 
shallow earthquake located on the Wellington Fault, which caused displacement 
along the Wellington Fault.  The second was a regional earthquake, with an 
undefined epicentre but which gave a peak horizontal acceleration in bedrock of 
0.3g.  

 
 The group then considered the geological and geotechnical hazards posed by 

these events, including the localised effects of varying ground conditions.  The 
results of this work have been summarised on the hazard map, and are described 
in the legend on the map.   

 
 Also shown on the hazard map are iso-lines for 0.9g and 0.5g peak ground 

acceleration as envelopes for a fault movement centred anywhere along the 
Wellington Fault.  Because of the nature of this study, it has not been possible to 
look at any particular area in the detail that would be required to fully assess the 
site response to the design earthquakes.  Comments on geotechnical effects 
must be considered as generalised, and cannot be used as a substitute for a 
detailed site study. 

 
 
A2.2 Geological Setting 
 
 The Wellington region is largely underlain by indurated Torlesse greywacke 

sandstones and argillites.  The greywacke hills have broadly level summits as 
they were extensively peneplained prior to Quaternary uplift.  Today the area is 
crossed by north and north-east trending faults that form part of a major plate 
boundary shear system through central New Zealand.  North-east trending active 
faults separate uplifted hills from downwarped and downfaulted basins.  
Wellington and Lower Hutt are within a fault angle depression formed along the 
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Wellington Fault, and Porirua lies within a basin formed along the Ohariu Fault.  A 
greywacke basement lies up to 300m deep beneath the lower Hutt Valley, and the 
basin is filled with marine and non-marine sediments.  The present coastline is 
emergent as a result of on-going uplift events on major faults. 

 
 The main city centres of Wellington, Porirua and Lower Hutt are largely underlain 

by Pleistocene and Holocene gravels, sands and silts.  In addition, significant 
areas of reclaimed land and fill exist in the city areas. 

 
 
A2.3 Seismic History 
 
A2.3.1 Geological Evidence 
 
 The Wellington area has experienced major earthquakes during the Late 

Quaternary (last 500,000 years) as a result of surface and subsurface ruptures of 
the earth's crust.  The relationship between fault rupture and earthquakes is well 
known from historic records, and prehistoric earthquakes can be inferred from the 
geologic record (paleoseismicity). 

 
 Repeated displacement events of several metres horizontal (dextral) along the 

Wellington Fault, for example, have made abrupt changes to young landforms 
along the fault alignment, such as sidestepping of stream courses, formation of 
sagponds, development of shutter ridges and development of a fault scarp in 
Holocene sediments in Wellington and the Hutt Valley.  In the Hutt Valley, strong 
ground shaking at the Wellington Fault may also have formed hollows through 
liquefaction and settlement. 

 
 Man-made exposures of the Wellington Fault zone indicate that repeated 

displacements have occurred along the fault, and that displacements have been 
abrupt rather than gradual in nature.  The geomorphology and geology of the 
Wellington Fault suggest that each displacement event involves a 70 kilometre 
long fault segment from Cook Strait to the Tararua Range.  The recurrence 
interval of faulting is c.485-783 years, and the last displacement event occurred 
300-350 years ago (Van Dissen & Berryman 1990). 

 
A2.3.2 Historic Records 
 
 At least three large earthquakes have been documented in the Wellington region 

since Polynesian and European settlement began.  Maori records describe a 
large earthquake occurring around 1460AD (the Hau-Whenua earthquake).  This 
earthquake was probably centred on the West Wairarapa Fault.  In addition, two 
large earthquakes have been experienced in the region since European 
settlement.  In 1848 a large earthquake centred in Marlborough shook the area, 
causing liquefaction in Petone and an Ms 8 earthquake centred on the West 
Wairarapa Fault caused considerable damage in Wellington and Petone in 1855.  
No large earthquakes have been experienced in the Wellington area since this 
event. 

 
A2.3.3 Instrumentation Records 
 
 Records of historical seismicity held by DSIR show that approximately 10 

earthquakes of Ms 5 or above have been centred within 50 kilometres of  
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Figure A2.1 
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 Wellington since recording began.  The largest of these was the 1855, Ms 8 
Wairarapa earthquake, with Ms 5 to 6 earthquakes centred in Cook Strait, 
Wairarapa and Waikanae areas. 

 
 Figure A2.2 shows historical earthquake epicentres in central New Zealand, 

where radius of epicentre is related to magnitude of earthquake (dots = 
earthquakes smaller than Ms 4.5, largest circle = Ms 8, centred in south 
Wairarapa).  

 

 
 
 FIGURE A2.2: Historical Earthquake Centres in Central New Zealand 
 
 
A2.4 Active Faults 
 
 Six major north to north-east trending active faults lie within 30 kilometres of the 

Wellington region.  The faults move by oblique slip, with the horizontal (dextral) to 
vertical displacement ratio approximately 10:1.  Vertical displacement is typically 
north-west side up, as shown by uplift of greywacke hills adjacent to the fault 
zones.  The faults are typically marked by north-east trending valley lineaments, 
within which are fault scarps and displaced landform features along the actual 
fault zone.  The Wellington and Ohariu Faults lie beneath the built up areas of 
Wellington, Lower/Upper Hutt and Porirua.  These faults are class I active, and 
have recurrence intervals of displacement as often as every 400-700 years, (e.g. 
Wellington Fault in A2.3.1 above) when slips of up to 5 metres horizontal occur.  
Earthquake magnitudes as large as Ms 7.6 would be expected with such 
displacement events, and extensive ground rupture would occur along the fault 
alignment. 

 
 Large earthquakes also occur in the Wellington region as a result of a 12 metre 
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dextral displacement on the West Wairarapa Fault, as occurred in 1855 (the Ms 8 
Wairarapa earthquake).  This fault appears to produce the Maximum Credible 
Earthquake (MCE) in the Wellington region. 

 
 A moderate to high risk of future fault displacement (and associated earthquakes) 

exists in the Wellington region, as faults such as the Wellington Fault have not 
moved for time spans similar to, or exceeding their recurrence intervals.  For 
instance, the last displacement event on the Wellington Fault occurred 300-350 
years ago (Van Dissen & Berryman 1990), an elapsed time approaching the 
recurrence interval (485-783 years). 

 
 
A2.5 Instrumentation Records and Ground Shaking 
 
A2.5.1 General 
 
 Information on the characteristics of ground shaking is obtained from 

accelerograph records.  Typically  such a record shows the acceleration time 
history in two horizontal directions at right angles to each other, and the time 
history of vertical accelerations.  The acceleration records can be integrated with 
respect to time to compute the time history of ground velocity, and the time history 
of displacements. 

 
 From such earthquake records, it is possible to obtain some of the main 

characteristics of the ground shaking, such as: 
 

• peak ground acceleration 
• peak ground velocity 
• maximum ground displacement 
• duration of significant ground shaking 

 
 The intensity of shaking and its effect on structures is also dependent on the 

frequency characteristics of the shaking.  For example, a very high acceleration 
developed for only a very short period of time will cause little damage to many 
types of structures, while shaking with a relatively small amplitude which 
continues for a longer period can lead to damage in some types of structures. 

 
 The combined influence of the amplitude of ground accelerations and their 

frequency components can be represented by a response spectrum.  This is a 
diagram showing the maximum response induced by ground shaking in single 
degree of freedom oscillators of different fundamental periods, but having the 
same degree of internal damping. 

 
 Although it is recognised that earthquake ground motions are complex, it is often 

convenient to characterize a particular earthquake by referring to the peak ground 
acceleration at a particular site, and this has been done for this study.  

 
 Among other effects, earthquake ground motions at any site are influenced by the 

magnitude of the earthquake, and the distance of the site from the source of 
energy release.  The variation of intensity of shaking with distance from the 
earthquake source using records of previous earthquakes can be plotted as 
attenuation curves (Figure A2.3, after Krinitzsky et al, 1988).  Such curves were 
then used to determine the distribution of peak ground acceleration away from the 
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Wellington Fault, as shown on the hazard map. 
 
 The accelerations shown on the hazard map for the Wellington Fault earthquake, 

and the 0.3g acceleration which results from the regional earthquake, are the 
peak ground accelerations expected at a rock site, or on bedrock below a soil 
deposit. 

 
 

 
 
 
 Figure A2.3: Variation of Intensity of Shaking with Distance from the 

 Earthquake Source  (Krinitzsky et al, 1988). 
 
 
A2.5.2 Local Site Effects 
 
 The actual peak surface accelerations can differ markedly from the peak bedrock 

accelerations due to local site effects. 
 
 As the earthquake vibrations are transmitted through the soil they are modified by 

the response of the local soils.  This response is a direct function of the local soil 
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properties.  Modification of the bedrock motions can vary from amplification 
(increase) to attenuation (decrease) of the bedrock motions.  The phenomenon of 
site effects had a major effect on the distribution of damage and loss of life during 
the Loma Prieta earthquake (Seed et al. 1990).  In this earthquake, amplification 
of bedrock motions by deep cohesive soils produced extensive damage to surface 
structures some distance (up to 90 kilometres) from the epicentre. 

 
 Therefore, although ground failure may not occur during shaking, the local 

geotechnical properties of the site soils can have a significant effect on ground 
motions and damage distribution. 

 
 In the Wellington region those areas likely to be particularly affected by site 

effects are those areas of soft ground around the Wellington harbour and Hutt 
Valley which are filled with alluvial sediments.  In general, for rock accelerations 
up to 0.4g, it is expected that the accelerations on an adjacent soil site will be 
increased.  This effect was well demonstrated during the 1985 Mexico City 
earthquake and the 1989 Loma Prieta (San Francisco) earthquake.  However, at 
accelerations above 0.4g, the soil accelerations will be less than the adjacent rock 
accelerations.  This effect is caused by the inability of soft soils to transmit energy 
at this level of shaking, and by the degradation of soil modulus at high strain 
rates. 

 
 This phenomenon has been well documented and described in a recent paper by 

Idriss (1990).  He has recommended a relationship between acceleration on rock 
and acceleration on soft soil to be used for empirical correlations (Figure A2.4).  
This correlation has been used in this study. 

 
 

 
 

Figure A2.4: Variations of Accelerations on Soft  
Soil Sites vs Rock Sites (Idriss 1990) 
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A2.6 Permanent Ground Surface Deformation 
 
 Ground surface deformation associated with earthquakes occurs in two forms: 
 

i) Fault rupture deformation, as a result of dislocation of the earth's crust 
and regional uplift.  Discrete shearing and surface rupture of ground along 
the active faults could occur during an earthquake.  The zone would be of 
the order 10 metres width where it occurs in sediments (e.g. Lower Hutt), 
and much narrower where it crosses greywacke basement.  Regional 
deformation would also result from an earthquake, altering coastlines and 
hydrological systems. 

 
ii) Ground shaking related deformation.  Two principal forms of permanent 

ground deformation can occur during strong shaking;  liquefaction and slope 
movements.  Sometimes slope movements results from liquefaction of a 
layer of underlying soil.  Strong ground shaking as a result of fault rupture 
would be expected to produce liquefaction and settlement of sediments in 
areas of Lower Hutt, Wellington and Porirua.  These processes would result 
in ground surface deformation in the city areas, causing considerable 
problems with structures and services.  Evidence for such deformation in 
Wellington is both historical (e.g. liquefaction in Petone during the 1855 
Wairarapa earthquake) and geological (e.g. hollows formed along the 
downthrown side of the Wellington Fault, see Section A2.3.1). 

 
 Extensive slope movement is known to have occurred during the 1855 

earthquake, particularly along the Wellington Fault scarp. 
 
 

A2.7 Liquefaction 
 
 If a loose saturated sand or silt is subjected to ground shaking, it tends to 

compact and decrease in volume.  If drainage is unable to occur, the tendency to 
decrease in volume results in an increase in pore water pressure such that if the 
pore water pressure equals the overburden pressure, the effective stress 
becomes zero.  The sand then loses its shear strength and it becomes liquefied, 
behaving as a fluid. 

 
 Three types of liquefaction induced soil deformation can occur as follows: 
 

• flow failure 
• post-liquefaction consolidation 
• large ground oscillation 

 
 Liquefaction can damage structures and buried services by: 
 

• flotation of buried structures (e.g. manholes and large pipelines) 
• lateral spreading of the ground on shallow slopes (e.g. shorelines and 

riverbanks) 
• settlement of large areas as liquefied soil is ejected through surface 

cracks  
• foundation failures as the liquefied soil loses shear strength and its ability 

to support foundation loads 
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 Important parameters for assessing the potential for soils to liquefy include the 
intensity of ground shaking (peak ground acceleration), duration of shaking, depth 
of water table, effective confining pressure and soil properties including relative 
density and grain size distribution. 

 
 Liquefaction has occurred during historic earthquakes which have affected the 

Wellington region.  Following the West Wairarapa (1855) earthquake, there were 
eye witness accounts of sand boils and other liquefaction phenomena in the 
Petone area. 

 
 Various methods are available for assessing the potential of soils to liquefy during 

ground shaking (Seed and Idriss, 1982).  However for this study a detailed 
analysis of any particular area was not undertaken.  Instead, the results of some 
of the known liquefaction studies undertaken in the region were taken and 
judgment used, based on the geology of the area to assess the likely liquefaction 
potential due to the two design earthquakes.  The results of this work have been 
expressed in the legend on the hazard map. 

 
 Those areas where, on the basis of the broad geological data, sediments 

susceptible to liquefaction and settlement are known to occur include: 
 

• Petone including Seaview 
• Thorndon overbridge area and railway marshalling yards 
• various portions of the harbour fill reclamations 
• airport runway and terminal areas 
• Porirua Basin and harbour reclamation 
• Titahi Bay Road 
• Mana Esplanade and Plimmerton 

 
 
A2.8 Slope Movement 
 
 Many of the steep hill slopes around the Wellington region have marginal stability 

under static loading conditions, as evidenced by the regular occurrence of slope 
failures, particularly after heavy rainfall.  Such slopes will be subjected to changed 
loading conditions during strong earthquake shaking, and their stability will be 
reduced. 

 
 During past earthquakes in the Wellington region, there have been reports of 

some large slope failures.  During the 1855 West Wairarapa earthquake, part of 
the slope failed along what is now State Highway 2 between Wellington and the 
Hutt Valley. 

 
  For the purposes of this study, we have identified slopes which we believe have 

the potential to fail.  Some of these slopes are recent cut slopes, and have not 
been tested by past earthquakes, as have the natural slopes.  Again the 
assessment of individual slopes was beyond the scope of this project, and the 
map legend provides an estimate of the percentage of mapped slopes which 
might be expected to fail during the two design earthquakes. 

 
 Those areas where the slope stability is likely to be marginal during earthquake 

loading include: 
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• steep slopes along the Wellington Fault scarp including Taita Gorge area 
and Ngauranga-Petone motorway section 

• Eastbourne 
• fill margins including airport runway (either end) and harbour reclamation 

fills 
• Plimmerton (Goat Point) 
• Plimmerton to Paekakariki 
• Akatarawa, Rimutaka and Paekakariki Hill roads 

 
 
A2.9 Tsunami & Seiche 
 
 A tsunami is a series of impulsively generated sea waves of local or distant origin 

that result from sea-floor displacement, large scale sea-floor slides, or volcanic 
eruption on the sea-floor.  A tsunami may be barely discernible in deep water, but 
can be significantly amplified by the sea-bed topography as the waves move into 
shallow water. 

 
 In semi-enclosed basins such as harbours, tsunami waves may generate water 

oscillations (seiches) which can continue for several hours.  Such oscillations can 
also be generated if the sea-floor in the harbour is moved horizontally and/or tilted 
during an earthquake event.  In either case, the resulting waves will most likely 
produce an effect similar to the rise and fall of the tide, but of shorter period and 
possibly of much larger amplitude. 

 
 Eight tsunami events, most of which have been non-damaging, have been 

experienced in Wellington over the period 1848-1989.  The largest event from a 
distance source was in 1868 when an earthquake centred in northern Chile 
generated a tsunami that produced water level oscillations of about 1m within 
Wellington Harbour.  The largest event of local origin occurred in 1855 when an 
earthquake on the West Wairarapa Fault caused sea-floor displacement within 
Cook Strait.  The resulting tsunami caused water level oscillations of at least 3m 
amplitude within Wellington Harbour. 

  
 An assessment of the tsunami hazard in Wellington Harbour was undertaken 

using numerical models (Gilmour and Stanton, 1990).  Little is known of the 
tsunami hazard along the west coast and in Porirua Harbour.  However it is 
considered more likely that tsunami of significant size would be formed on the 
eastern or southern coast than on the western coast (Heron et al, 1989). 

 
 Surface rupture of the Wellington Fault could generate tsunami within Cook Strait.  

The numerical model indicates that the maximum likely wave height produced by 
such an event would reach 0.3m in Lyall Bay.  Within Wellington Harbour, wave 
heights would range from 0.1m to 0.2m.  Horizontal displacement of the sea-floor 
within Wellington Harbour could also generate a tsunami, but the modelling 
indicates that the volumes and energy of the waves would be small.  Some 
additional tsunami generation could arise if the earthquake induced any large 
scale sea-floor slumping in Cook Strait. 

 
 It is not possible to assess the tsunami hazard from the regional earthquake 

scenario, but the likelihood of such an event generating a damaging tsunami in 
the study areas is probably small. 
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 Overall, for the two earthquake scenarios considered, the hazard posed by 
tsunami and seiche is small when compared with the other seismic phenomena. 

 
 
A2.10 Implications for Lifelines 
 
 The hazards described above have a variety of implications for lifelines.  These 

were described in general terms to each group who then assessed the 
implications on each element according to its location. 
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A3 Methodology 
 
 
A3.1 General 
 
  This section outlines the methodology used by each Task Group following the 

approach described in Section A1.3.  It defines the terms and procedures 
adopted. 

 
 As outlined in Section A1.3 the main tasks were: 
 

• definition and description of lifeline networks and their components 
• assessment of vulnerability of each component to damage from 

earthquake hazards 
• consideration of consequences of failure of components at risk 
• identification of engineering mitigation measures 

 
 
A3.2 Definition and Description of Lifelines 
 
 In defining a lifeline it was necessary that the logic of the network was exposed so 

that the importance and impact of damage to any given element could be 
assessed.  The principal elements of each lifeline network at the regional and 
district level were mapped to a common 1:25000 scale.  Local detail was not 
mapped.   

 
 An early decision was made to digitise all networks on to a common base to 

provide for overlaying on a geological hazard map.  Few networks had existing 
maps at an appropriate scale - most had drawings at very large scale or 
schematics at small scale.  The task of mapping was therefore a major one. 

 
 The decision to digitise the networks was prompted by the recognition of the value 

to the region of a set of common base networks.  The task was therefore 
undertaken jointly by the project and the Wellington Regional Council with the 
base maps prepared by Task Group members from each utility. 

 
 A physical description of each network was compiled from which each was 

divided into components for assessment of vulnerability.  Components needed to 
reflect elements of common importance and common susceptibility to damage.  
Some components were discrete elements - e.g. a reservoir, a substation, a river 
crossing, while others were sections of network between discrete elements.  The 
choice of elements was important to define the nature and logic of the network.  In 
the study a relatively coarse set of elements was used to keep the size of the 
exercise manageable.  In critical areas a finer set could be assessed for more 
detail - e.g. subcomponents of a substation, junction segments of a section of 
pipe network or change in pipe size.  The components were tabulated on to the 
vulnerability charts. 

 
 In a digitised mapping system it is possible to identify each component or 

segment of the network and attach attributes to them for computerising the 
assessment process. This degree of data definition was beyond the scope of the 
project. 
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A3.3 Assessment of Vulnerability to Damage 
 
 Each network was overlaid on the geological hazard map and each component 

was assessed for its susceptibility to damage from the given earthquake event.  
Hazards considered were: 

 
• fault movement 
• ground shaking 
• soil liquefaction 
• landslide 
• ground uplift or submergence 
• ground settlement 
• tsunami and seiche 

 
 Each component was assessed against each hazard for its likelihood of being 

damaged on a scale of 0 to 3 where: 
 

i) for discrete components 
 
 3 is very likely to be damaged 
 2 is moderately likely to be damaged 
 1 is a low likelihood of being damaged 
 
ii) for components of network segments 
 
 3 is a high proportion of damage likely 
 2 is a moderate proportion of damage likely 
 1 is a low proportion of damage likely 

 
 In each case 0 or a blank indicates not susceptible to damage. 
 
 In making these assessments, the following were considered: 
 

• the probability of the particular hazard applying to the component at the 
particular location 

• an assessment of the effect of that hazard on that component taking into 
consideration design, age, construction, condition, etc. 

 
 This produced a single factor on the scale 0 to 3. 
  
 (Note: If this methodology is employed in future, particularly when available 

seismic data is initially inadequate, the two factors should be kept separate.  This 
will enable the critical areas where more detailed seismic evaluation is required to 
be both readily identified and prioritised.) 

 
 For pipelines a database of installed pipe details was compiled. 
 
 To assist in making the assessments where site knowledge was limited, a 

damage assessment chart was prepared as in Figure A3.1.  It became clear at 
this point that while there were a number of reports on damage to buried pipelines 
from earthquakes, there was little collective data on the performance of different 
types of pipe systems.  Most reports and analyses of damage related global 
parameters, such as breaks per kilometre to earthquake intensity with little 
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reference to pipe types.  This study is concerned with mitigation measures and 
the performance of different pipe systems is of considerable interest, particularly 
for key installations.  A sub-group within the Civil Task Group was therefore set up 
to investigate buried pipelines.  The work of this group is reported in Section B10. 

 

 
 

Figure A3.1 Damage Assessment Chart 
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A3.4 Assessment of Consequences of Failure 
 
 In assessing the vulnerability of the network, two other factors need to be 

considered in addition to the susceptibility to damage of each component.  These 
are the importance of the component and the impact of its being damaged. 

 
 Each component was assessed for its importance to the operation of the network 

on a scale of 1 to 5 - with 5 being the most important.  A component would be 
rated highly if it was essential to the network and large parts of the network would 
be disrupted if it failed.  Importance would reduce if the component could be by-
passed, if there were alternatives, or if the component was low in the hierarchy or 
disruption was localised. 

 
 The impact or consequences of a component being damaged influences the 

overall vulnerability of the network.  It also influences the type of mitigation 
measures and response priorities which might be put in place.  It was important 
also to recognise that the impact can change with the time frame being 
considered.  Impact should not be confused with importance.  In this context it 
relates to the degree of disruption caused or the effort required to reinstate. 

 
 Impact was therefore assessed for three separate time frames: 
 

• immediately after the earthquake 
• the period following the earthquake 
• for return to normality 

 
 For different utilities the periods implied by these terms will vary.  The period 

"immediately after the earthquake" is intended to cover the period for recovering a 
minimum emergency service by back-up, by-pass or temporary repair.  For some 
services (e.g. gas) it will be the period required to effect control.  Components not 
required for an emergency response will not have an impact in this time frame. 

 
 The "period following an earthquake" is the period to reinstate a full service albeit 

by temporary measures.  The full service may involve some queuing or periodic 
overload but all areas are serviced.  The period "for return to normality" implies full 
restoration of services. 

 
 In each time frame components were rated 0 to 3 with 3 implying high impact and 

zero implying no impact.  Components able to be readily restored to service would 
have a lower rating than those requiring major effort or time. 

 
 In considering the impacts or consequences of failure a wide view was taken of 

the context.  Specifically, there is little point in restoring a service until it can be 
used, or of restoring a part of a service until it can be supplied.  There is also the 
context of availability of skills and equipment.  Task Groups were encouraged to 
seek out the "weak links" which would be critical in delaying resumption of 
service. 

 
 All the above factors and those from Sections A3.2 and A3.3 were brought 

together on the vulnerability charts.  A completed sheet of a typical vulnerability 
chart is given in Figure A3.2.  Judgments were made on the basis of information 
and group experience.   
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 A scrutiny of these charts provides a list of elements to target for devising 
mitigation measures.  It should be emphasised that regardless of the numbers 
produced, the procedure was valuable in identifying the likely weak links in an 
earthquake.   

 
 An additional value of the "immediately after the earthquake" column of the impact 

assessment is in highlighting the areas for emergency response planning. 
 
 
A3.5 Identification of Mitigation Measures 
 
 In developing strategies for reducing the risk or impact of earthquake damage, it 

will be seen that this can be achieved by measures which reduce the importance 
of an element, reduce the likelihood of it being damaged or reduce the impact or 
consequences of it being damaged.  Such measures can be achieved, for 
example, by introducing redundancy, by improving the design, by detailing or 
locating away from a hazard, or by planning to manage the consequences. 

 
 Strategies can be effected at the asset management level, at the engineering 

level and at the operating level and can include: 
   
 Management or asset planning 
 

• policies of earthquake awareness 
• planning for redundancy 
• locating future development to avoid hazards   
• strategic review of alternatives for critical components 
• systems monitoring and response planning 
• risk management policies 
 

Engineering design and detailing 
 
• layout and conceptual design 
• design policies 
• code levels 
• procedures or practices - fixings, entries, support etc. 
• detailing - base damping, allowance for movement etc. 
• special measures for critical components 
 

Planning to manage the impacts 
 
• response or preparedness planning 
• spares holdings 
• equipment inventories 
• re-routing options 
• damage assessment planning 
 

 Each lifeline system was reviewed accordingly. 
 
A3.6 Analysis of Interdependence of Lifelines 
 
 A crucial factor in the ability of lifelines to function following an earthquake is their 

interdependence on other lifelines.  During the vulnerability assessments 
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interdependences were noted and were later brought together to review 
expectations of recovery times, needs for backup and most importantly priorities 
for response and allocation of equipment and resources following an earthquake. 

 
 This basic information was used to further analyse the interdependence of 

lifelines.  A numerical rating procedure was applied which reviewed for each 
lifeline its importance to, and its dependence upon, the others.  This gave a clear 
indication of the most critical lifelines overall.  Further details are given in Section 
B11. 
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Figure A3.2: Sample of Completed Vulnerability Chart 
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Section B:   Description and Analysis of   
   Lifelines 

 
 
 
 
 
B1. Water Lifelines 
 
 
B1.1 Water System Description 
 
 Four sources supply the water system for the Wellington region.  Refer to Figure 

B1.1.  These sources are located at Kaitoke in the north and at Wainuiomata and 
Orongorongo in the east for river intakes, and in the lower Hutt Valley for artesian 
supplies. 

 
 Kaitoke and Orongorongo feed by independent mains to Wellington City to the 

upper level terminal reservoir at Karori.  They also feed service reservoirs for local 
supply along the way.  The Karori reservoir has storage for local supply and also 
on-feeds into the Wellington system.  It is planned to construct a major storage 
reservoir at Macalister Park.  

 
 The Wainuiomata main parallels the Orongorongo main from Gracefield to the 

Thorndon pumping station which is the city gate to the lower Wellington system.  
The Wainuiomata main can feed into the Orongorongo main, by pumping, to 
supply Karori at this point.  A cross connection between the Kaitoke main and the 
Wainuiomata main through Ngauranga provides a backup supply for either line.  
For transfer from the Wainuiomata line to the Kaitoke line, a pumping station at 
Ngauranga provides the capacity to supply back up the Kaitoke line to the 
Paremata branch and Haywards if necessary. 

 
 The Hutt Valley artesian system supplies Lower Hutt, Eastbourne and Petone and 

can feed into the Wainuiomata-Thorndon main at Randwick.  A standby artesian 
pumping station at Gear Island, Petone can feed into the Wainuiomata-Wellington 
system.  

  
 A major storage facility is located at the Te Marua lakes just below Kaitoke.  

These lakes hold 30 days storage for the Kaitoke-Karori line. 
 
 The regional supply, storage and mains systems are controlled by the Wellington 

Regional Council.  These supply to service reservoirs which are controlled by 
local authorities for distribution and reticulation. 

 
B1.1.1  Regional Systems 
 
 Kaitoke to Karori Main 
 

 The Kaitoke system provides 50% of the region's water.  Supply is from a 
weir intake on the Hutt River.  The water is strained at Kaitoke before it 
passes to the treatment plant at Te Marua crossing a 1952 reinforced 
concrete flume bridge along the way.  Major earth constructed raw water  
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Figure B1.1 
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storage lakes are also located at Te Marua with an associated pumping 
station to provide supply from the storage lakes to the treatment plant, to 
boost supplies in the main.   

 
 The main to Karori is a steel pipeline of 900mm diameter (reducing to 

750mm) partly with spigot and socket welded joints and partly with 
mechanical joint couplings.  This line largely dates from the mid 1950's.  It 
passes through Upper Hutt, Haywards, Tawa, Johnsonville and Karori and 
supplies 19 service reservoirs along the way.  In addition a major branch 
main from Judgeford supplies Porirua, Paremata, Plimmerton and Pukerua 
Bay through a further 14 reservoirs. 

 
 Major structures carrying the main are two tunnels and a flume bridge 

between Kaitoke and Te Marua, the Silverstream River Bridge across the 
Hutt River, two tunnels between Judgeford and Ngauranga and a tunnel on 
the section leading to the Karori reservoir (contact tank). 

 
 Three pumping stations are associated with the main.  One at Te Marua to 

boost line pressure and to provide the backup supply from the storage 
lakes, an in-line station at Haywards to boost line pressure and a station at 
Ngauranga (under construction) to allow the Wainuiomata main to be 
pumped into the Kaitoke main.  Other pumping stations are associated with 
various upper level service reservoirs. 

 
 The Te Marua lakes are capable of holding 30 days of normal supply.  The 

service reservoirs typically hold a days storage for local supply and can be 
filled from empty in approximately 15 hours. 

 
Wainuiomata to Thorndon Main 
 
 The Wainuiomata system provides 15% of the region's water.  Supply is 

from two river intakes on the Wainuiomata River and George Creek.  From 
the intakes, with associated microstrainer and treatment plant, a 750mm 
cast iron concrete lined pipe with spigot and socket lead packed joints takes 
the main several kilometres to the Wainuiomata tunnel. 

 
 Through the tunnel the main is an 1100mm diameter steel pipeline with 

spigot and socket welded joints.  It then follows to the Petone foreshore and 
along the Hutt Road to Thorndon at 1050mm diameter except for the 
crossing of the Hutt Estuary Bridge where its diameter drops to 675mm.  
These sections are also steel pipe with spigot and socket welded joints.  
Where this main crosses the Wellington Fault the pipes are mechanically 
jointed and fitted with tie bolts. 

 
 The line is gravity fed to the Thorndon pumping station where it feeds into 

the lower Wellington system.  If necessary it can join the Orongorongo main 
to Karori at this point. 

 
 At pumping stations and valve chambers at Randwick and Gear Island the 

Hutt Valley artesian system provides an alternative supply into the main.  
This can be fed back to Wainuiomata if necessary.  Two pumping stations at 
Wainuiomata can provide an alternative local supply from this line.  Further 
valve chambers exist at Tunnel Grove and Korokoro and at Ngauranga. 
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 Structures associated with the system are the two intake weirs, the 

Wainuiomata hill tunnel and the Hutt Estuary Bridge crossing.  There is no 
primary storage in this system apart from the Hutt Valley artesian aquifer. 

 
Orongorongo to Karori Main 
 
 The Orongorongo system provides 10% of the region's water.  Supply is 

from several stream intakes and the Orongorongo River.  The main feeds to 
the Karori reservoir by a 525mm diameter steel pipeline with mechanical 
coupling joints.  From the intake the pipeline enters a 3km tunnel, runs to 
Wainuiomata, crosses over the Wainuiomata Hill and parallels the 
Wainuiomata line to Thorndon.  It supplies service reservoirs at 
Wainuiomata and upper Thorndon before feeding on to the Karori reservoir. 

 
 Structures associated with the system are the river intakes, the 

Orongorongo Bridge and tunnel and the Hutt Estuary Bridge crossing.  The 
line is gravity fed and there is no primary storage in the system. 

 
Hutt Valley Artesian System 
 
 This system provides 25% of the region's water.  The major system draws 

from a field of wells at Waterloo with an associated pumping station and 
treatment plant.  Delivery mains are 750mm and 525mm steel pipes with 
spigot and socket welded joints and mechanical coupling joints respectively.  
The system supplies service reservoirs for the Taita, Lower Hutt, Western 
hills, Gracefield and Eastbourne areas.  It can also feed into the 
Wainuiomata - Wellington line and can take supply from it if necessary. 

 
 Major pumping stations are at Waterloo, Randwick and Gear Island.  

Waterloo pumping station has standby power.  There is no direct connection 
to the Kaitoke system between Taita and Stokes Valley.  However there is a 
standby connection between the artesian system and the Stokes Valley 
network through the Delaney reservoir. 

 
 A minor well system exists at Buick Street, Petone which supplies the local 

area.  It is independent of all the other systems and has standby power. 
 

B1.1.2   District and Local Networks 
 
 Supply is taken from the service reservoirs by the local authorities for distribution 

and reticulation to consumers. 
 
 Service reservoirs are generally dome roofed reinforced concrete or prestressed 

concrete structures of around 5 million litres capacity.  While some are recently 
constructed, most are about 30 years old, with a few up to 80 years old in 
Wellington City.  Typically they hold a days local supply and take about 15 hours 
to fill from empty.   

 
 Each authority is responsible for its own network, the form of which varies from 

authority to authority. 
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 Upper Hutt City 
 

 Upper Hutt City is served by 10 service reservoirs from the Kaitoke main: 
• Plateau 
• Timberlea 
• Emerald Hill 
• Cruickshank (2) 
• Maidstone 
• Trentham (2) 
• Chatsworth 
• Pinehaven 

 
 Of these Timberlea, Cruickshank, Trentham and Pinehaven are the most 

important as higher zone reservoirs.  The city is divided into a series of 
interconnected ring mains down the valley.  The Totara Park ring main 
crosses the Hutt River on the relatively modern Totara Park bridge. 

 
 The distribution lines consist of an assortment of asbestos cement (55%), 

unlined steel (20%) and concrete lined steel and ductile iron (13%) pipes.  
Rider mains are copper, polyethylene, galvanised steel, µPVC and asbestos 
cement. 

 
 Lower Hutt City 
 

 Lower Hutt is served by 12 reservoirs from the artesian system and 4 from 
the Kaitoke main.  Eastbourne is served by 2 reservoirs from the artesian 
system, Petone is served by 3 from its independent pumping station and 
Wainuiomata is served by 2 from the Orongorongo main. 

 
 The Lower Hutt, Stokes Valley, Kelson and Eastbourne reticulation is 

primarily concrete lined steel pipe with gibault joints.  Minor amounts of 
asbestos cement and welded steel pipes exist. 

 
 Water mains crossing the Hutt River at the Ewen and Melling Bridges are 

steel gibault jointed pipes hung from the bridge.  At the Kennedy Good 
bridge there is an under river crossing of a steel welded main. 

 
 The Wainuiomata reticulation is nearly all asbestos cement pipe with rubber 

ring joints.  The Petone reticulation is mainly cast iron pipe with lead joints. 
 
Porirua City 
 
 Porirua City including Titahi Bay, Paremata, Whitby, Plimmerton and 

Pukerua Bay is served by 14 reservoirs that are supplied from the Kaitoke 
main. 

 
 Porirua City has a high level and a low level zone with Titahi Bay and the 

commercial area supplied from the low level zone by two mains crossing the 
Porirua stream.  Plimmerton and Pukerua Bay are supplied from a bulk 
supply main which is attached to the Paremata Bridge. 

 
 The reticulation is predominantly asbestos cement pipe with gibault 

couplings. 
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Wellington City 
 
 Wellington City is served by 65 reservoirs supplied from all four sources.  

The city is divided into separate interconnected supply zones based around 
the service reservoirs.  The upper areas are supplied from the Kaitoke main.  
The lower areas are fed from both the Wainuiomata main through the 
Thorndon pumping station and the Kaitoke main.  The Macalister, Bell Road 
and Carmichael reservoirs provide major storage to the "Low Level Zone". 

 
 The feeder main to the Macalister reservoir is an 800mm concrete lined 

steel pipe with welded joints.  The feeder mains to the Bell Road reservoir 
and the Carmichael reservoir consist of concrete lined steel pipe in parallel 
with cast iron pipe, with mechanical coupling joints and lead packed joints 
respectively.  The diameters vary from 350mm to 525mm. 

 
 The Wellington City reticulation consists of concrete lined steel pipe, 

concrete lined and unlined cast iron pipe and asbestos cement pipe all with 
mechanical coupling joints.  These vary in size from 100mm to 300mm in 
diameter.   

 
 Rider mains in asbestos cement or galvanised iron, which are typically 

50mm diameter and parallel to the street area, serve many customers. 
 
 Major structures include the 20 million litre Macalister reservoir, the 7.8 

million litre Carmichael reservoir and the 9 million litre Bell Road reservoir.   
 
 

B1.2 Water System Vulnerability 
 
B1.2.1  Regional Systems 

 
Kaitoke to Karori Main 
 
 On this regional main, the flume bridge near the intake weir is vulnerable to 

ground shaking.  It is a tall structure designed in the early 1950's with limited 
earthquake resistance.  Its collapse would cut off the Kaitoke weir intake 
leaving a maximum of 30 days supply available from the Te Marua storage 
lakes. 

   
 The two water tunnels between the Kaitoke intake and Te Marua are not 

fully lined.  Falls of rock from the unlined arch areas could occur, blocking 
the water flow.   

 
 The Te Marua storage lakes are potentially vulnerable to the Wellington 

Fault Event being immediately adjacent to the Wellington Fault and in the 
high ground shaking zone.  However the lakes were built in the 1980's and 
were designed to withstand fault movement. 

 
 The fault runs between the lakes and the treatment plant and in this vicinity 

the welded steel main crosses the fault and would be vulnerable to fault 
movement if it occurred.  Mains crossing the fault are mechanically jointed 
and fitted with tie bolts. 
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 The main is also vulnerable at the Silverstream Bridge where it crosses the 

Hutt River supported on the bridge piers.  The Wellington Fault apparently 
crosses the bridge approaches at the west end although its exact location is 
not known. 

 
 The 150m long 8 span bridge was built in 1938 and under strong shaking 

could be expected to suffer caisson damage with differential movement of 
the piers placing the mechanically jointed steel water main at risk.  Severe 
disruption and settlement of the bridge approach embankments could be 
expected, affecting the pipe abutments and a coupling at one end. 

 
 The main is again vulnerable to fault movement at the west end of the 

bridge should it occur. 
 
 A little further down the line the main is vulnerable to potential landslides 

caused by severe ground shaking where it follows the old Haywards Hill 
Road.  The Haywards reservoir and booster pumping station are also 
vulnerable to severe ground shaking. 

 
 Between Judgeford and Karori the main is located in essentially stable 

ground and is felt to be secure except for moderate vulnerability at stream 
crossings, exposed sections of pipe and at valve chambers.  Also, through 
the three tunnels the pipe is supported on concrete plinths apparently 
without holding down straps making it moderately vulnerable to severe 
ground shaking. 

 
 At Karori, the main again crosses the Wellington Fault and enters the Karori 

contact tank reservoir.  Both the main and the 1960 reinforced concrete 
reservoir are vulnerable to movement of the Wellington Fault.  The obsolete 
Karori dam storage system is also vulnerable to fault movement and ground 
shaking and if breached the resulting flood is likely to damage the Karori 
contact tank and the main crossing of the Kaiwharawhara stream. 

 
 The vulnerability of the main is somewhat reduced by the recent Ngauranga 

cross connection to Thorndon allowing Kaitoke to feed into the central city 
and the planned storage at Macalister Park should Karori be disrupted. 

 
 From Judgeford the cast iron branch main to Porirua and Paremata is 

vulnerable to ground shaking, although a parallel steel main should maintain 
supply in the event of damage but at a lower rate.  From Paremata the 
section north to Plimmerton and Pukerua Bay is vulnerable to bridge 
damage at the Paremata Bridge crossing and to ground deformations in the 
bridge approaches and in the liquefaction prone ground to the north. 

    
 The Paremata Bridge is likely to sustain transverse damage to the piles 

under strong ground shaking with consequent differential deformations. 
 
 In summary, the Kaitoke-Karori water main is vulnerable from the Regional 

Event  to moderate ground shaking at the flume bridge below the Kaitoke 
intake and moderately vulnerable at the Silverstream Bridge, the Haywards 
reservoir and the Karori contact tank reservoir.  The main in the tunnels may 
suffer some damage but is unlikely to be disrupted.  The branch main north 
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from Paremata is moderately vulnerable at the Paremata Bridge.  
 
 Below the Te Marua lakes, damage is not expected to cause severe 

disruptions to the supply beyond the 24 hour capacity of the service 
reservoirs.  Above the Te Marua lakes it is expected any damage to the 
flume bridge should be repaired within the 30 days capacity of the Te Marua 
lakes. 

 
 Under the Wellington Fault Event  the main is vulnerable to damage at a 

number of locations from severe ground shaking, landslides or fault 
movements.  The nature of the damage is expected to be severe and 
disruption to supply could be substantial, particularly if the Te Marua storage 
lakes are disrupted. 

 
Wainuiomata to Thorndon Main 
 
 The reinforced concrete pipeline between the Wainuiomata River and 

George Creek intakes is vulnerable to liquefaction and ground settlement 
from strong ground shaking where it crosses the old lake bed.  Between the 
microstrainer and the Wainuiomata tunnel the cast iron main is vulnerable to 
moderate ground shaking with leakage and fracture expected at the lead 
packed joints. 

 
 From the Wainuiomata tunnel through to the Hutt Road at Petone the 

welded steel main is in marine sediments and crosses the Hutt Estuary 
Bridge.  Under the Moderate Regional Event  there is some vulnerability to 
the bridge and the Gear Island valve chamber and pumping station, from 
amplified ground shaking in the sediments. 

 
 Under severe ground shaking from the Wellington Fault Event  the area is 

highly susceptible to liquefaction which could occur over 20% of this area 
and be widespread in the vicinity of the Wellington Fault.  Settlement of the 
bridge embankments and deformations at the bridge and at valve chambers 
and pumping stations can be expected.  Vulnerability to damage is high in 
this area for this event.  At the fault crossings bolted couplings with tie bolts 
across the coupling have been provided to minimise pipe damage by 
creating a weaker link at the joints. 

 
 Towards the western end of the Petone foreshore the main crosses the 

Wellington Fault and is vulnerable to fault movement should it occur. 
 
 Along the Hutt Road between Petone and Thorndon, there are pockets of 

marine sediments susceptible to liquefaction under severe ground shaking.  
There are also steep hillsides at risk from landslide under moderate to 
severe ground shaking.  Any fracturing of the main will cause considerable 
disruption to traffic on the road. 

 
 In summary, the Wainuiomata-Thorndon main is vulnerable from the 

Moderate Regional Event to damage to the cast iron lead jointed section 
above the Wainuiomata tunnel.  It may also be vulnerable at the Estuary 
Bridge and at junctions to valve chambers and other structures.  It is 
expected any damage and disruption would be reasonably contained. 
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 Under the Wellington Fault Event disruption could be widespread, 
particularly along the cast iron section and through the marine sediments of 
Petone.  Repairs over extended lengths could take considerable time. 

 
Orongorongo to Karori Main 
 
 This steel bolted joint main is vulnerable to moderate ground shaking at the 

timber truss bridge in the Orongorongo Valley under which it is suspended.  
The bridge is a 1924 structure not designed for earthquakes.  The main is 
also vulnerable through the Orongorongo tunnels where it is supported on 
concrete plinths without tie straps. 

 
 Under strong ground shaking the vulnerability in this area increases with 

added risk of damage from landslides. 
 
 From Gracefield to Thorndon the main runs parallel to the Wainuiomata 

main and is similarly vulnerable to the effects of ground shaking, 
liquefaction, settlement, landslide and fault movement.  Under strong ground 
shaking it can be expected that the effects would be more severe for the 
bolted joint Orongorongo main than for the welded joint Wainuiomata main, 
except at the Estuary bridge where the Orongorongo main has welded 
bands at the joints.   

 
 From Thorndon to the Karori contact tank reservoir the main runs virtually 

along the Wellington Fault and through areas susceptible to landslide. 
 
 In summary, the Orongorongo-Karori main is vulnerable from the Moderate 

Regional Event at the trestle bridge and through the Orongorongo tunnels.  
Disruptions from broken joints could be quite extensive.  As for the 
Wainuiomata main, there may be additional vulnerability through the 
Gracefield-Petone area from amplified ground shaking. 

 
 Under the Wellington Fault Event, disruption could be widespread 

particularly through the Petone sediments and along the fault between 
Thorndon and Karori. 

 
Hutt Valley Artesian System 
 
 This system has generally low vulnerability to the Moderate Regional Event  

except for the pumping stations located on the Petone sediments and the 
bolted joint branch main to Point Howard which may be vulnerable to 
amplified ground shaking effects. 

 
 Under the Wellington Fault Event  these same items are vulnerable to 

liquefaction as are the weld jointed mains through the Petone sediments.  It 
is noted that the ability exists to supply into the Wainuiomata to Wellington 
main at the Randwick pumping station.  This ability may be somewhat 
illusory due to the vulnerability of the Randwick pumping station and the 
Wainuiomata main to strong ground shaking. 

 
 The Petone artesian system centred on the Buick Street pumping station is 

vulnerable to the Petone sediments effects as noted above.  The cast iron 
main to the Rahui reservoir is vulnerable to amplified ground shaking under 
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the Regional Event and to liquefaction under the Wellington Fault Event.  
Under this event the main to the Rahui reservoir is also vulnerable to fault 
movement and landslide. 

 
B1.2.2  District and Local Networks 

 
 The district and local networks have generally not been assessed in detail.  Major 

distribution lines and reservoirs have been assessed for construction and location 
in relation to the earthquake hazards and potential vulnerabilities have been 
identified.  Detailed analyses or inspections have not been done on individual 
components so assessments are preliminary and to be confirmed. 

 
Upper Hutt City 
 
 The Upper Hutt City distribution mains are relatively secure from damage 

from the Moderate Regional Event except the asbestos cement mains may 
experience some damage from ground shaking.  

 
 Under the Wellington Fault Event widespread damage from severe ground 

shaking can be expected in asbestos cement mains.  All reservoirs are in 
the severe ground shaking zone (0.9g) and are considered vulnerable, 
particularly the older reservoirs at Pinehaven, Trentham and Cruickshank.  
The interlinked ring mains cross the Wellington Fault in a number of places 
and are likely to be severely disrupted. 

 
Lower Hutt City 
 
 Vulnerable components within the Lower Hutt City reticulation include the 

lead jointed Petone ring mains which are vulnerable to amplified ground 
shaking under the Regional Event  and to liquefaction under the Wellington 
Fault Event . 

 
 The gibault jointed concrete lined steel main, suspended from the Ewen 

Bridge, is vulnerable to bridge movements from moderate ground shaking 
under the Moderate Regional Event while that suspended from the Melling 
Bridge is vulnerable to severe ground shaking under the Wellington Fault 
Event .  Mains crossing the Wellington Fault at Normandale and Kelson are 
vulnerable to fault movement.  Asbestos cement mains in the zone of 
severe ground shaking are vulnerable.  The Pharazyn Street pumping 
station is on ground susceptible to liquefaction and is very close to the 
Wellington Fault and may be vulnerable to fault movement effects. 

 
 Reservoirs at Taita and Manor Park are vulnerable to landslides from severe 

ground shaking.  Most reservoirs are situated within, or close to, the severe 
ground shaking zone (0.9g isolines) and generally are vulnerable to severe 
ground shaking, particularly older circular prestressed concrete reservoirs. 

 
 The steel gibault jointed supply line to Eastbourne is vulnerable to 

landslides and to areas of liquefaction under severe ground shaking. 
 
 The Wainuiomata distribution system is of asbestos cement and is 

vulnerable in moderate to strong ground shaking. 
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 The smaller diameter lead jointed cast iron and asbestos cement pipes 
within the reticulation system are vulnerable to strong ground shaking. 

 
 Secondary pumping stations are dependent on the availability of electrical 

supply.  Often these are supplying higher level reservoirs and areas served 
by these are vulnerable to electricity outages.  Generally storage will provide 
supply locally for 24 hours provided broken distribution mains have not 
drained the reservoir. 

 
Porirua City 
 
 Under the Moderate Regional Event parts of the asbestos cement 

distribution mains passing through the low density sediments along the 
south and west sides of Porirua Harbour and north of Paremata may be 
vulnerable to amplified ground shaking. 

 
 Under the Wellington Fault Event the asbestos cement distribution system 

will be vulnerable to strong ground shaking.  Some reservoirs may also be 
vulnerable although these have not been considered in detail.   

 
Wellington City 
 
 Under the Moderate Regional Event  sections of cast iron or asbestos 

cement mains passing through low density sediments around the central 
harbour, towards Newtown, at Evans Bay and the Miramar Peninsular, may 
be vulnerable to amplified ground shaking. 

 
 Under the Wellington Fault Event vulnerable components include the two 

feeder mains to the low level zone storage reservoirs.  The Thorndon to 
Macalister Park main is of welded steel and has tie bolts and couplings 
where it crosses the Wellington Fault.  Nevertheless it remains vulnerable to 
fault movement and to possible liquefaction of the low density harbourside 
sediments.  The mains from Karori to Aro Street, Bell Road and Carmichael 
are concrete lined steel with bolted joints and cast iron with lead joints and 
are vulnerable to strong ground shaking. 

 
 The two mains feeding the eastern suburbs cross areas that are susceptible 

to liquefaction.  That from Carmichael is cast iron with lead joints and is very 
vulnerable while that from College Street is steel with bolted joints and is 
only a little less vulnerable. 

 
 The 65 reservoirs have not been assessed in detail but those within the 

severe ground shaking zone (0.9g isoline) could be vulnerable to ground 
shaking.  The Maldive Street and Messines Road reservoirs are close to 
slopes susceptible to landslide and could also be vulnerable. 

 
 Local pumping stations which supply high level reservoirs are dependent on 

the availability of mains power supply.  In particular the Karori, Verviers 
Street and Epuni Street pumping stations are vulnerable in the severe 
ground shaking zone and those in the eastern suburbs with reticulation and 
supply lines through liquefaction prone areas are also vulnerable. 

 
 Local distribution networks through the soft sediments around the harbour 
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side of the central business district and through the eastern suburbs, are 
vulnerable to amplified ground shaking in the Moderate Regional Event and 
to liquefaction in the Wellington Fault Event, particularly for cast iron or 
asbestos pipes.  Elsewhere these pipes are vulnerable  in zones of severe 
ground shaking.  Service connections and branches in these areas are 
vulnerable, particularly steel screwed connections which are susceptible to 
corrosion. 

 
 
B1.3 Water System - Mitigation Measures 
 
B1.3.1  Regional Systems 
 
 It is apparent that although the regional supply system is reasonably dispersed 

with four separate sources, the delivery systems are all quite significantly 
vulnerable to different aspects of the Wellington Fault Event.  The system is 
therefore not as robust as might be expected from such a dispersed supply. 

 
 Because of the pervasive presence of the Wellington Fault and the extended 

nature of each delivery line, it is not practical to endeavour to make any one line 
"earthquake proof".  The management strategy should be to reduce the odds by 
spreading the risk. 

 
 Current effort should therefore aim to reduce the vulnerability of each supply point 

and delivery line as far as practical over, say, the next 10 years.  An exception to 
this general approach is with the Kaitoke-Karori line which is so important that 
specific measures should be implemented to harden it against earthquake 
damage. 

 
 Any future development required should aim to provide a supply not so influenced 

by the Wellington Fault. 
 
 All measures identified should be reviewed and prioritised to obtain the greatest 

benefit for expenditure.  Specific measures identified as management or asset 
planning measures include: 

 
i) Undertake a strategic review of each supply point and delivery line and 

identify measures on a priority basis for reducing or removing high risk 
elements. 

 
ii) Promote future planning to increase the dispersal of supply lines away from 

the influence of the Wellington Fault. 
 
iii) Promote earthquake awareness to locate prime facilities away from high risk 

earthquake hazards. 
 
iv) Institute risk management policies to identify the scale of response likely to 

be required following a major earthquake. 
 
v) Review design criteria and standards for lifelines facilities and networks 

according to the importance and location of critical components. 
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Engineering measures include: 
 
i) Upgrade vulnerable structures near the supply intakes, including the flume 

bridge at Kaitoke and the trestle bridge at Orongorongo.  Alternative 
pumping points downstream of these structures could be effective if backup 
power was available. 

 
ii) Review major "at risk" bridge structures and where appropriate provide for 

ready reinstatement of damaged pipelines or relocate the crossing in the 
river bed.  Examples include the Silverstream, Estuary and Paremata 
bridges. 

 
iii) Review detailing strategies at fault crossings to either allow for possible fault 

movement or provide for ready replacement. 
 
iv) Use ductile pipe systems through areas susceptible to permanent ground 

deformations and institute a replacement programme for existing vulnerable 
pipes in these areas. 

 
v) Review detailing at exposed sections of pipe including embankment collars, 

stream crossings, valve chambers, etc. 
 
vi) Tie down pipes supported on plinths through tunnels and elsewhere. 
 
vii) Although the recently installed cross connection at the Ngauranga Gorge 

provides redundancy for the main supply line into central Wellington, the 
location and structure of the Karori contact tank reservoir should be 
reviewed to enhance that and to provide better security to the high level 
distribution system. 

 
viii) An alternative supply and pumping intake from the Hutt River is 

contemplated at Te Marua to provide a backup intake in the event of 
damage to Kaitoke-Te Marua line or the Te Marua lakes.  Back-up power 
should be provided. 

 
ix) Review equipment installations and provide tie down, lateral support and 

bracing to components as appropriate.  Provide security for chemical 
equipment and storage. 

 
Earthquake planning and response measures include: 
 
i) From the identified vulnerabilities prepare an earthquake response plan 

covering: 
 

• procedures and priorities for inspection and reporting of damage 
• listing of response priorities and options 
• access options for inspection and repair 
• spares holdings - type and location.  Consider standardisation or 

compatibility of components. 
• equipment inventories and availability, both in-house and external 
• assistance available from adjacent authorities 

 
ii) Identify and assess measures to respond to an earthquake event as an 
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alternative to expensive engineering measures, e.g: 
 

• remove and replace damaged pipe sections.  Compatibility between pipe 
sizes of different materials is a major consideration. 

• pre-plan by-pass options or alternative routes 
• provide for emergency monitoring and testing for water quality 
• provide for emergency treatment facilities 

 
B1.3.2  District and Local Networks 

 
 Many of the general measures noted for the regional systems are applicable to 

the district and local networks.  Additional measures applicable to specific areas 
include: 
 
i) Review vulnerable reservoirs and repair or upgrade as appropriate.  

Reservoirs with a pinned or sliding wall base should be modified to prevent 
uplift and to distribute seismic shears. 

 
ii) Check network capability to handle the loss of vulnerable reservoirs (or a 

proportion of them).  Provide interconnections to maintain a level of supply. 
 
iii) Determine a response procedure for conserving reservoir storage following 

an earthquake event.  Damaged reticulation can quickly deplete storage.  
However a "shut-off" policy will leave areas without water for immediate fire-
fighting.  Use of seismically activated shut-off valves may be appropriate 
provided procedures and access for re-opening for fire-fighting are 
developed.  Monitoring and automatic shut-off or alarm at a trigger 
drawdown rate is an alternative. 

 
iv) Develop a policy of using ductile pipe systems in areas susceptible to 

permanent ground deformations.  In other areas it is proposed that at least 
moderately ductile systems be used for future developments. 

 
v) Initiate a long term programme to replace cast iron and asbestos cement 

pipes with ductile pipe systems in vulnerable areas. 
 
vi) Investigate appropriate service connection details.  In particular avoid 

screwed connections. 
 
vii) Consider the provision of backup power to critical pumping stations feeding 

high level reservoirs. 
 
viii) Consider the establishment of alternative water sources for fire-fighting 

purposes following an earthquake event, located in areas of greatest  fire 
hazard.  Suitable sources could well be shallow wells, seawater pumping 
from the harbour or additional storage capacity. 
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B2. Sanitary Drainage 
 
B2.1 Drainage System Description 
 
 Sewage disposal in the Wellington region is covered by several district systems 

for the collection, treatment and disposal of sewage.  The district systems are 
centred on the Hutt Valley, Wainuiomata, Porirua and Wellington.  Each system is 
independent and managed and operated by the appropriate local authority.  Refer 
to Figure B2.1. 

 
B2.1.1  Hutt Valley 
 
 The Hutt Valley system serves the cities of Upper Hutt and Lower Hutt and 

comprises local collection networks, a main trunk collection network with pumping 
stations, a central milliscreen treatment plant and a main pressure line to a 
shoreline ocean outfall. 

 
 The main trunk collection network begins with the Upper Hutt section from Brown 

Owl south to the Silverstream railway bridge.  This section is a gravity system of 
twin reinforced concrete pipes with rubber ring joints.  The pipes vary in diameter 
from 300 to 1370mm and date from 1956 to 1979. 

 
 At the Silverstream railway bridge the twin pipes join for a short single pipe 

section along the Eastern Hutt Road to the start of the Lower Hutt section at the 
east manhole just north of Stokes Valley.  This single pipe section is of reinforced 
concrete rubber ring jointed pipe dating from 1974.  The size varies from 1065 to 
1370mm in diameter. 

 
 At the east manhole, the pipeline crosses the Hutt River by a riverbed crossing.  

On the western side of the river the pipeline divides, with one pipeline continuing 
down the western side of the valley to the Ava pumping station.  The other branch 
carries down the eastern side of the valley after crossing back via the Taita 
Railway Bridge, to the Barber Grove pumping station.  Both pipes are of 
reinforced concrete with rubber ring joints. 

 
 The branch to the Ava pumping station collects the flow from Upper Hutt as well 

as from the western hillside suburbs.  The pipeline varies in diameter from 685 to 
1220mm.  The main runs adjacent to the Wellington Fault for about 10km and 
crosses it several times.  The Ava pumping station was built in 1969 and has a 
backup emergency generator. 

 
 The branch to the Barber Grove pumping station collects feeders from the centre 

and eastern valley.  It dates from 1940 to 1952 and for part of its length is a U 
section pipe from 380 to 790mm across.  The pumping station was built in 1958 
and is located in the Petone marine sediments. 

 
 From Ava a pressure main of 750mm diameter runs down the western side of the 

Hutt River to the Petone collecting sewer.  From Barber Grove a pressure main of 
915 diameter runs down Randwick Road and meets the Petone collecting sewer. 

 
 The Petone collecting sewer runs along the Petone foreshore and is fed from a 

number of local pumping stations.  It picks up the Ava main and crosses the Hutt 
Estuary Bridge where it connects with the Barber Grove main.  From the Hutt  
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Figure B2.1 
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 roundabout a single pipeline runs along Seaview Road to the milliscreening 
treatment plant.  The main pumping station dates from 1960 and the treatment 
plant from 1984. 

 
 From the main pumping station at Seaview the 1295mm diameter main outfall 

sewer follows the road through Eastbourne and along the coast to the short ocean 
outfall at Pencarrow Head.  This is a pressure pipeline of prestressed concrete 
installed in 1956-1959. 

 
 The Hutt Valley system includes 21 significant pumping stations.  Most of these 

date from 1969 or later except for Barber Grove (1958) and Malone Road, 
Rossiter Avenue, Totara Crescent and Massey Avenue which date from the mid 
to late 1920's. 

 
 All the pumping stations and treatment plants (two minor treatment plants are 

located at Maymorn and Trentham in the upper valley) are dependent on 
electricity supply for their operation.  The majority do not have standby generating 
facilities.  Monitoring and control of the system is exercised from the Seaview 
plant with most of the stations connected by telemetry in the near future. 

 
 Local networks have not been addressed in any detail. 
 
B2.1.2  Wainuiomata 
  
 The Wainuiomata system serves a population of 18,000 people and consists of 

four pumping stations connected with 100 to 300mm diameter mains.  These 
mains terminate at a trickling filter type treatment plant in the lower Wainuiomata 
valley.  The mains are asbestos cement pipes with rubber ring joints installed 
between 1957 and 1977.  The pumping stations date from the same era and the 
treatment plant from 1965. 

 
B2.1.3  Porirua 
 
 The principal trunk system consists of a 900mm diameter gravity pipe through 

Titahi Bay and rising mains of 685mm diameter from the City Centre pumping 
station and 625mm diameter from the Tangere Drive pumping station.  These 
mains are concrete lined steel or ductile iron from the 1972 to 1989 era and are 
rubber ring jointed.  Pumping stations serve the rising mains dating from the same 
period. 

 
 Gravity mains from Tawa and Porirua East of 300 to 850mm diameter reinforced 

concrete pipe (1956 to 1979) are joined in the Porirua centre by rising mains from 
Pukerua Bay/Plimmerton/Paremata of a combination of 300 to 525mm diameter 
asbestos cement and reinforced concrete pipes (1965 to 1982). 

 
 Disposal follows secondary treatment.  The flow to and discharge from the 

treatment plant is by 1.8m high oval shaped tunnels 815m and 750m long 
respectively.  Flow from Titahi Bay is pumped to the plant separately by using two 
300mm diameter, polyethylene, fusion welded pipes set in the lining of the effluent 
discharge tunnel.  The treatment plant was installed in 1989. 

 
 The outfall is located at the shoreline approximately 700m west of Titahi Bay 

beach. 
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 Flexibility has been provided within the system by valving.  The flow to the 

treatment plant can be redirected in several ways should either of the principal 
pump stations fail, or any of the trunk or rising mains fracture. 

 
 Each of the principal pumping stations has standby power generation facilities.  
 
B2.1.4  Wellington City 
 
 The Wellington City sewage system is centred on a main gravity interceptor line 

which runs from Ngauranga in the north, through the western side of the central 
city, past the hospital through to Queens Drive in Lyall Bay and around to a short 
coastal outfall at Moa Point.  For the most part it is a single line with twin sections 
from Willis Street to the hospital and from Queens Drive to Moa Point. 

 
 Generally the interceptor is fed by gravity lines from the western side and by rising 

main and pump stations from the eastern side including the central city area.  
Many of the central city pump stations are located in roadways below street level. 

 
 Typically the interceptor is an oval or egg shaped, lined tunnel, 1.2 to 1.8m high.  

Parts of it date from 1890 and are brick lined while other parts from the 1930's 
and the 1970's are concrete lined.  There are short sections of trenched pipe 
throughout its length and around Lyall Bay one line is trenched cast in-situ 
concrete with a slab top.  There is an aqueduct across the Ngaio Gorge. 

 
 In more detail the interceptor starts above the main trunk railway line in the 

Ngauranga Gorge and tunnels around the hillside to cross the Ngaio Gorge and 
cut down to Tinakori Road at the head of Hobson Street.  This section dates from 
1970-1980 and is a concrete lined tunnel.  The Ngaio Gorge aqueduct is of 
reinforced concrete built in 1979.  The main interceptor crosses the Wellington 
Fault just above Hobson Street. 

 
 From Hobson Street, the line follows down Murphy Street to Pipitea Street and 

cuts back under Hill Street to run parallel along the line of the urban motorway to 
Willis Street.  This section is a concrete lined tunnel and was built in 1954. 

 
 From Willis Street to the hospital, "old" and "new'" lines provide a twin system 

running from Ghuznee and Vivian Streets, crossing Buckle Street and on to the 
hospital, crossing Adelaide Road just above Riddiford Street.  This is a local area 
of marine sediments.  The "new" line is concrete lined from 1947 with several 
sections of concrete pipe while the "old" line is mostly brick lined from 1890. 

 
 The hospital to Queens Drive section follows a direct line under the Town Belt to 

Crawford Road and the top of Queens Drive.  It dates from 1890 and is partially 
brick lined. 

 
 From Queens Drive a twin line cuts across above Moa Point Road and follows 

around to Moa Point.  Both are cast in-situ concrete with a slab top, one from the 
1890's, the other from the 1960's.  The Moa Point Road is on marine sediments 
and fill. 

 
 A newly constructed pumping station and milliscreening plant near Moa Point 

discharges into a short ocean outfall at this location. 
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 The local network comprises many rising mains (some of cast iron with lead 

joints), tunnels of in-situ concrete and trunk mains of earthenware mortar jointed 
pipes or reinforced concrete pipes with rubber ring joints.  There are some 
asbestos cement trunk mains.  Typically 50% of this network would be 150mm 
diameter earthenware pipe with mortar joints, 30% would be variously asbestos 
cement, concrete or pitch fibre and 20% would be larger than 150mm diameter. 

 
 Numerous pumping stations dating from the 1950's serve the rising mains and are 

dependent on electricity supply.  There are no backup power systems. 
 
 
B2.2  Drainage System Vulnerability 
 
 Generally the major buried pipelines in firm ground are expected to perform 

reasonably well under the Moderate Regional Event (0.3g base ground 
acceleration).  Equipment in pumping stations not properly fixed will be vulnerable 
to ground shaking.  Local networks of asbestos or ceramic pipes are vulnerable to 
some damage from ground movement and shaking. 

 
 In areas of soft ground or unconsolidated sediments, pipes and installations will 

be subjected to amplified ground motions and accelerations and the vulnerability 
in these areas increases significantly. 

 
 Under the Wellington Fault Event the system vulnerabilities are much more 

pronounced and are commented on in detail below. 
 
B2.2.1  Hutt Valley 
 
 The twin mains from Brown Owl to the Silverstream Bridge run close to and 

parallel to the Wellington Fault and will be vulnerable to severe ground shaking 
and ground movements, particularly through embankments and at connections to 
manholes, junctions and structures.  The western arm crosses the fault at least 
twice and will be highly vulnerable to fault movement. 

 
 The western section from the east manhole below the Silverstream Bridge to the 

Ava pumping station is highly vulnerable to ground shaking and fault movement 
along its 10km length.  Parts of it are also vulnerable to landslide.  The Ava 
pumping station is on the edge of the Petone sediments.  It is a substantial 
structure with major reinforced concrete wet well below ground level.  It is likely to 
perform reasonably well but the mains upstream are likely to be severely 
disrupted.  The impact is likely to be raw sewage finding its way to the Hutt River 
via stormwater drains or ponding in low lying areas. 

 
 The eastern section to Barber Grove will be susceptible to severe ground shaking 

but for most of its length it is in firm ground and not considered to be highly 
vulnerable.  Some northern sections under the eastern hills may be vulnerable to 
landslide.  A number of old pumping stations feeding this line are likely to be 
vulnerable to ground shaking. 

 
 The Barber Grove pump station itself is in the Petone sediments and is very 

vulnerable to the effects of liquefaction as are the pipeline connections leading 
into it.   
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 The Petone collecting sewer, the lines and pumping stations feeding into it and 
the mains from Ava and Barber Grove all run through the Petone sediments and 
are vulnerable to the effects of liquefaction.  The Petone collecting sewer crosses 
the Estuary River bridge and is vulnerable to ground movements through 
embankments and differential bridge movements. 

 
 The final section of pipeline to the milliscreening treatment plant and main 

pumping station at Seaview is through fill material which is highly susceptible to 
liquefaction.  The treatment plant and pumping stations represent a complex 
arrangement of large inflexible pipes and structures which, although designed to 
accommodate some differential ground settlement, are likely to be severely 
disrupted if liquefaction occurs. 

 
 The pumping stations along the Petone foreshore and the treatment plant and 

main pumping station at Seaview may be vulnerable to the effects of tsunami or 
seiche some time after the earthquake.  Flooding of the valve chambers and 
disruption to electrical and mechanical equipment may result. 

 
 From the main pumping station, the main outfall sewer follows the coastline to the 

short ocean outfall at Pencarrow Head.  The Seaview section of the main outfall 
sewer is vulnerable to liquefaction and around the eastern bays it has some 
vulnerability to landslide.  The pumping stations around the eastern bays are 
vulnerable to tsunami or seiche and the pipeline itself may be susceptible to 
damage or movement where it is laid above existing ground level with minimal 
cover.   

 
 It can be expected that local networks in the Petone sediments and in the 

Seaview fill area will be severely disrupted from the effects of ground shaking, 
liquefaction and differential movement.  In other areas of the valley damage to 
ceramic pipes in embankments, soft ground and at pipeline junctions and 
structures can be expected. 

 
B2.2.2  Wainuiomata 
 
 Although the ground conditions through Wainuiomata are relatively firm the 

asbestos cement pipe network is vulnerable to damage from severe ground 
shaking and from differential movements through embankments and at junctions 
and structures. 

 
 The pumping stations and treatment plant are vulnerable to severe ground 

shaking. 
 
B2.2.3  Porirua 
 
 The Porirua system is situated close to the 0.5g isoline from the Wellington Fault 

Event.  The vulnerability of the major gravity and pressure system components 
will be largely restricted to those areas susceptible to liquefaction where pipe 
damage and widespread failure of connections and junctions is likely to occur. 

 
 Such failures are likely to result in sewage overflows into the Porirua inner 

harbour.  The location of overflow (formal and indirect) on the major drains is such 
that substantial sewage flows in and around large residential and commercial 
areas will be restricted. 
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B2.2.4  Wellington City 
 
 The system feature which will have the highest impact if damaged by earthquake 

is the main interceptor sewer.  Sections of it are also amongst the most vulnerable 
drains in the city. 

 
 The impact will be the discharge of raw sewage into the inner harbour for a 

lengthy period of time until repairs can be effected.  The limited availability of 
overflow routes, some of which are brick stormwater culverts which are 
themselves very vulnerable, will greatly complicate the execution of repairs and 
result in uncontrolled surface flows which will cause damage and become a 
serious health risk.  The situation is exacerbated because of the lack of 
redundancy in the entire drainage systems. 

 
 The interceptor will be severed at the main Wellington Fault in the 0.9g scenario.  

The interceptor is approximately 6 metres deep at this point and will take at least 
two months to repair.  The likelihood of the uplift occurring on the west side of the 
main is to the advantage of our gravity system.  Due to the very flat grade on the 
interceptor, the sewage will back up and overflow at Ngaio Gorge. 

 
 The aqueduct on the interceptor at the Ngaio Gorge crossing is vulnerable to 

damage from shaking and landslide. 
 
 The majority of the interceptor has been laid in-situ within a tunnel and, although 

there is uncertainty as to the performance of aged brick linings, is thought to have 
a moderate vulnerability to damage.  Several short sections of brick and concrete 
interceptor, draining upstream of the hospital, have been laid by trenching in 
areas susceptible to liquefaction and have a high vulnerability to damage.  Any 
collapse on the main interceptor will involve great difficulty, cost and time.  Much 
of its length is beneath buildings, which may suffer significant secondary structural 
damage. 

 
 The section of interceptor from Queens Drive to the outfall (particularly the old 

unreinforced concrete main) is laid in ground of high liquefaction risk and is 
considered highly vulnerable.  There are very limited overflow facilities in this area 
and the impact of damage will be high.  The newer duplicate main, if undamaged, 
will provide redundancy to handle non-peak flows. 

 
 The main pump stations are situated in high liquefaction risk areas and the 

mechanical and electrical plant are thought to be very vulnerable to damage from 
shaking (and subsequent internal flooding if pipe ruptures occur).  Steps should 
be taken now to identify vulnerable components and minimise the risk.  The 
construction of the pump stations is such that significant flotation is unlikely, but 
some rotation can be expected.  Similar comments apply to the milliscreen 
sewage treatment plant which has an added vulnerability to landslide and 
tsunami. 

 
 It is considered that the system will suffer widespread damage throughout the city, 

particularly in areas susceptible to liquefaction.  Pipe joints and connections are 
highly vulnerable.  Although the impact of this damage is likely to be of a more 
localised and minor nature, the extent of repairs anticipated could see the return 
to full normality extended to several years.  The pressure main system, which is 
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mostly of cast iron construction, is particularly vulnerable to damage from severe 
ground shaking. 

 
 The effects of regional tilting and ground settlement or flotation in areas 

susceptible to liquefaction will be severe on flat graded pipes.  It is conceivable 
that extensive lengths of drain may require re-laying to reinstate correct grades for 
gravity flow. 

 
 There is a significant inter-relationship between drainage and other services.  

Electrical power outages will shut down pump station and treatment plant 
operation (there is only minimal emergency power facility) and alarm systems.  
Alarm systems also rely on the availability of Telecom's dedicated land lines. 

 
 
B2.3 Drainage System - Mitigation Measures 
 
B2.3.1  General 
 
 It is clear that in a major earthquake event in the region, serious damage and 

widespread disruption is likely to occur to the sanitary drainage systems.  This is 
particularly true in the high hazard areas of soft soils subject to severe ground 
shaking or liquefaction, and near or crossing active faults. 

 
 Three general observations arise from this: 
  

i) It is essential that planning be undertaken to identify the likely response 
required following an earthquake.  This includes identifying specific key 
elements which are vulnerable and specific responses, and also identifying 
the size of the general vulnerability and the scope of the general response 
likely to be required.  

 
ii) The earthquake effects from liquefaction are potentially devastating on 

continuous buried networks.  More investigation on the effects and extent of 
liquefaction expected in the identified areas is required together with some 
quantifying of the likely impacts on buried lifelines. 

 
iii) As far as practical, key elements of a lifeline should be kept away from 

these high hazard areas.  Where that is not practical the installation should 
be designed so that the impacts can be managed.    

 
Other general mitigation measures include: 
 
i) Provide for redundancy in networks as far as practical. 
 
ii) Ensure that interceptor or collector mains have facilities for controlled 

overflows at strategic points such as key pumping or valve stations or at 
points of high vulnerability.  This may often be effected by planning 
overflows into stormwater systems as an emergency measure. 

 
iii) Provide adequate fixing and bracing of plant and monitoring and control 

equipment in pumping stations and treatment plants.  Secure chemical 
storage facilities.  Secure office computer hardware and plan and filing 
cabinets. 
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iv) In areas subject to liquefaction/lateral spreading use flexible pipeline 
materials with full joint strength.  For key mains traditional rubber ring jointed 
pipes may not be adequate in these conditions.   

 
v) Use maximum length couplings or joint lengths when connecting pipelines 

to structures.  This may be particularly appropriate for large diameter pipes 
where joints normally have less capacity to absorb rotation.  Special joints 
may be required.  Investigate the feasibility of allowing space between joints 
to permit pipeline to compress without damage. 

 
vi) Insert hazard maps as layers in Geographic Information Systems for 

planning and location of services. 
 
vii) Ensure equipment sourced from overseas meets seismic detailing 

requirements. 
 
viii) Embody seismic thinking into the planning process. 
 
Other measures proposed in specific areas are given below. 
 

B2.3.2  Hutt Valley 
 
 i) In areas subject to liquefaction/lateral spread: 
 

In particular, Petone sewers, some of which are of brick or ceramic pipe 
construction and subject to infiltration. 

 
• Install flexible liner and provide joints which have mechanical strength.  

Where feasible allow loose fit to permit compression. 
 
• Provide isolating valves in manifolded pressure systems so that in the 

event of damage to a particular section, the remainder can be isolated 
and function normally. 

 
• Provide penstocks in existing gravity pipelines for same reason as above.  

This has the dual advantage of providing flood mitigation where pipelines 
on river banks may be subject to washout.  

 
ii) In areas subject to fault displacement, retrofit pipe section with capacity to 

absorb movement across the fault and remain intact. 
 
iii) In areas subject to landslide provide extra cover or slabs over pipeline, if 

feasible, to provide a cushion against additional earth loading. 
 
iv) Reduce loss of support risk by replacing (or lining) segmented pipeline 
 with continuously welded steel.  
 
v) Where pipelines are attached to suspect bridges provide alternative route 

under river bed. 
 
vi) Provide telemetry system with self contained radio communication for 

remote monitoring and control of vital functions such as isolation or pipeline 
sections. 
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vii) Ensure storage of toxic liquids in trade premises are "earthquake proof".  
 
viii) Put in place management plans and provide training to ensure controlled 

and intelligent response to disaster situations.  Prepare a  database of plant 
and materials, both within and outside areas likely to be affected. 

 
ix) Identify spare parts requirements and hold in stock or identify ready sources 

of supply. 
 
x) Undertake consolidation of ground under the main outfall pumping station 

and the milliscreening treatment plant which are located on liquefaction-
prone ground. 

 
 
B2.3.3  Wellington City 
 
 The drainage pipeline asset has developed over the past 100 years with no 

design recognition of either potential earthquake damage or possible mitigation 
measures.  Above ground structures have generally been designed in accordance 
with earthquake loading codes.  Recommendations as to mitigation measures 
which should be taken now and in the future are as follows: 

 
i) Improve the geotechnical understanding of liquefaction and landslide 

hazards and assess the vulnerability of those drainage facilities in high risk 
locations. 

 
ii) Investigate in greater detail the layout, structural condition and vulnerability 

of the sewage interceptor drains and major stormwater culverts. 
 
iii) Locate precisely the point where the Wellington Fault and the sewer 

interceptor drain intersect. 
 
iv) Undertake a survey of all pump stations and treatment plants to identify the 

specific vulnerability of components to earthquake damage and the extent of 
reliance on other services. 

 
v) Identify and prepare cost/benefit estimates and priorities of the specific 

mitigation measures available to protect the integrity of the drainage system.  
Factors to be taken into account include cost, relative risk and extent of 
damage, public safety and health, receiving water quality, property damage 
and the acceptability of loss of service for extended periods of time. 

 
vi) Study the performance of existing materials and investigate possible design 

improvements. 
 
vii) Prepare a comprehensive earthquake response management plan covering: 
 

• Response structure such as staff requirements, duties, decision making 
delegation, communications liaison with Civil Defence and other service 
authorities, etc. 

 
• Emergency response centre facilities. 
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• Measures for staff rescue, accommodation, safety and support. 
 
• Identification of essential plant, equipment and materials, and sources of 

emergency supply. 
 
• Priority list of drainage facilities to be checked, and a standardised format 

for reporting damage. 
 
• Procedures for thorough debriefing. 

 
 
 
 
B3 Stormwater Drainage 
 
 
B3.1 Stormwater System Description 
 
B3.1.1  Hutt Valley 
 
 The Hutt Valley stormwater system is centred on channels and drains feeding into 

the Hutt River.  In Lower Hutt the Waiwhetu Stream and a series of smaller 
streams, creeks and open channels also dispose of stormwater run-off gathered 
in pipelines and man-made and natural open channels. 

 
 The pipelines in the stormwater network consist mainly of reinforced concrete, 

rubber ring jointed pipes, ranging in size from 225mm to 1500mm diameter. 
 
B3.1.2  Wainuiomata 
 
 The rural area of the valley and the southern end of the urban area are drained by 

the Wainuiomata River and its main tributary through Moores Valley.  The majority 
of the urban area is drained through a network of pipe systems and small open 
drains leading to two large open drains (Black Creek and its tributary) and then 
into the Wainuiomata River. 

 
 These waterways and pipelines are vulnerable to ground shaking and settlement. 
 
B3.1.3  Porirua 
 
 The streams of Porirua, Kenepuru and other smaller ones provide the collection 

system for discharge into the inner Porirua harbour.  Connecting pipe systems are 
of reinforced concrete with rubber ring joints. 

 
B3.1.4  Wellington City 
 
 Brick culverts of 900m diameter dating from 1880 onwards service the central city 

area with some in-situ concrete tunnels completing the main trunk system.  The 
side steams of Horokiwi, Ngauranga, Ngaio and other minor ones discharge into 
the harbour under the Hutt Road. 
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B3.2 Stormwater System Vulnerability 
 
B3.2.1  Hutt Valley 
 
 The lower reaches of the Hutt River and the Waiwhetu Stream are vulnerable to 

tsunami or seiche where they enter Wellington Harbour.  The stormwater pipeline 
network in Petone is highly vulnerable to liquefaction and the open channels and 
pipelines in the remainder of the Hutt Valley are vulnerable to ground shaking and 
settlement.  Pipelines along the western side of the valley are vulnerable to uplift 
and submergence. 

 
B3.2.2  Wainuiomata 
 
 The waterways are vulnerable to ground shaking and settlement, and associated 

slumping of banks.  The pipelines are vulnerable to ground shaking. 
 
B3.2.3  Porirua 
 
 The main stormwater drains are constructed typically of reinforced 

concrete/rubber ring joint construction, and should generally perform well in the 
specified earthquake event.  Mains damage is, however, likely in the liquefaction 
areas, and this may affect their serviceability in the critical central city area.  There 
is the potential for subsequent severe flood damage.  Connections and junctions 
also have a moderate vulnerability, and while the drains may remain in service it 
may take several years to return the system to its original condition. 

 
B3.2.4  Wellington City 
 
 The system features most vulnerable to damage are the brick stormwater culverts 

laid last century on the flats of the central city area.  They are showing the signs 
of dereliction expected from their age, have been backfilled in generally poor 
material and are laid in areas susceptible to liquefaction.  Their failure will result in 
serious flooding, subsidences beneath (and subsequent damage to) buildings, 
and very difficult, expensive and lengthy repairs.  Several culverts also have the 
critical function of overflows to the sewage interceptor main. 

 
 The important Horokiwi, Ngauranga and Ngaio Streams have been identified as 

very vulnerable to landslide.  This event may severely disrupt the main road links 
to the city.   

 
 Comments on the vulnerability of the local stormwater drainage network are as for 

the sewer system above. 
 
 
B3.3 Stormwater System - Mitigation Measures 
 
 The stormwater drainage systems have not received detailed attention through 

this project and the understanding of the critical areas, and their vulnerability to 
earthquakes, remains incomplete. 

 
 It is clear that substantial on-going damage from overflows and flooding is likely 

following an earthquake event.  This could arise from damaged pipelines, blocked 
channels, or failed stream and river embankments. 
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 Each area should be further reviewed to identify key components of the 

stormwater control networks.  Included as key components, should be stormwater 
outlets at major sewerage collector overflow points. 

 
 The vulnerability of pipelines should be assessed as for the sanitory drainage 

system.  Mitigation measures would follow also as for the sanitary drainage 
system.  Brick culverts at sewerage collector overflow points should be 
progressively rehabilitated. 

 
 For open channels and streams, vulnerability to blockage, or rupture from 

landslides or embankment failures, should be assessed.  Critical areas should 
have available alternative flow paths to control the accumulation of surface water. 

 
 Response measures should be identified and planned. 
 
 
 
 
B4 Gas Lifelines 
 
 
B4.1 Gas System Description 
 
 Gas is supplied into the Wellington region by the Natural Gas Corporation of NZ 

Limited to two local supply authorities - the Wellington Gas Company Limited for 
Wellington, and the Hutt Valley Energy Board for the Hutt Valley and Porirua.  
Refer to Figures B4.1 and B4.2. 

 
 Supply is through two high pressure feed lines entering the region in parallel from 

the north.  The older western line feeds through a control gate at Pauatahanui, 
through another control gate at Waitangirua and on to the Tawa city gate for the 
Wellington Gas Company supply.  The eastern line feeds to the Belmont Hill 
control gate and has a cross connection to the control gate at Waitangirua.  The 
Hutt Valley Energy Board takes supply from Belmont for the Hutt Valley and from 
Waitangirua for the Porirua area. 

  
B4.1.1  Natural Gas Corporation - Regional Supply 
 
 The Natural Gas Corporation is responsible for the two transmission lines entering 

the study area from the north through a major control gate on the inland 
Paekakariki Hill Road which is fed from the Kapiti Coast.  It is also responsible for 
the control stations at Waitangirua and Belmont. 

 
 Both lines are welded steel pipe operating at approximately 3450 kPa pressure.  

The western line is the original 200mm diameter pipeline terminating at 
Waitangirua and is 20 years old.  The eastern loop is 300mm in diameter and 
terminates at Belmont.  It is 10 years old. 

 
 The safety and security of these pipelines and stations are of paramount 

importance for the on-going supply of gas to Porirua, the Hutt Valley and 
Wellington.  In the event of one of the lines being ruptured, major valves at 
Pauatahanui would need to be activated within two hours to maintain supply and  
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Figure B4.1 
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 the crosslink line between Waitangirua and Belmont would need to be opened 

within 30 minutes. 
 
 Where these main lines cross major earthquake faults, they have been supported 

above ground on trestles to allow relative movement between the pipe and the 
ground. 

 
 The lines are monitored for pressure using a SCADA system for data transfer.  

These systems are dependent on power supply and on the Telecom network and 
also provide for the remote operation of valves and equipment.  At Pauatahanui 
the main line valves have automatic actuators to close the line following a rupture.   

 
B4.1.2  Hutt Valley Energy Board System 
 
 The Hutt Valley Energy Board takes supply from the western line at Pauatahanui 

for its northern area of Pukerua Bay and Plimmerton and from Waitangirua for its 
western area of Porirua and Tawa.  These branch lines operate at intermediate 
pressure of 860 kPa. 

 
 The eastern line connects directly into the Belmont gate station which feeds the 

Hutt Valley and Wainuiomata.  Two 1900 kPa branch lines feed from Belmont, 
one through a valve station at Normandale to Riddler's Crescent (aged 10 years), 
the other old line (age 20 years) going across to Avalon further north.  Both pipes 
are 200mm welded steel.   

 
 Riddler's Crescent feeds an intermediate pressure system at 860 kPa through 

Petone to Wainuiomata crossing the Hutt Estuary Bridge. 
 
 Avalon feeds the intermediate pressure system to Lower Hutt, Stokes Valley and 

Upper Hutt.  The individual areas of Seaview and Wainuiomata are linked to both 
Petone and Lower Hutt via a 200mm dia. welded steel pipeline.  A critical part of 
this linkage is the pipe crossing the Hutt Estuary Bridge.  

 
 All these intermediate pressure system lines operate at 860 kPa and consist of 

welded steel pipes classed ASA 150 and 300.  This system feeds 66 district 
regulator stations, 170 major industrial/commercial, several smaller commercial 
and some domestic consumers.  Pipe sizes vary from 25mm to 200mm and total 
installed pipe length is 162km. 

 
 The local medium pressure reticulation system through the Hutt Valley is mostly 

relatively new, high density, polyethylene pipe with welded joints.  Some areas of 
Petone remain with cast iron pipes which were in place before the introduction of 
natural gas in 1970.  These are being replaced or inserted with HDPE plastic 
pipes (High Density Polyethylene).  By the end of 1991, this programme will be 
complete and all the reticulation pipework will be less than 20 years old. 

 
 The new medium pressure system is operating at 105 kPa.  This will increase to 

400 kPa in some cases in the near future.  Pipe sizes vary from 20mm to 100mm 
and total pipe length is presently 440km. 
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B4.1.3  Wellington Gas Company System 
 
 The Wellington Gas Company reticulation system is supplied by a single feeder 

main from Natural Gas transmission which terminates at the Tawa gate station 
where the pressure is broken down from 1800 kPa to 1170 kPa.  

 
 From the Tawa City gate station a 250mm steel welded pipe continues southward 

through Churton Park, Johnsonville, Crofton, Wilton and along Raroa Road to 
Upper Cuba Street and on to Tory Street in the Wellington central city.  Several 
branch lines feed individual major consumers and pressure reducing stations 
along the route. 

 
 From Tory Street, the main feeder continues around the waterfront to terminate at 

the Bunny Street reducing station.  Branches from Bunny Street supply Thorndon 
(Bowen Street PRS) and The Terrace in 100mm flanged steel pipe. 

 
 From Upper Cuba Street, a major branch line take-off feeds through Mt Cook, 

Newtown, the Public Hospital at Mein Street and on to Island Bay.  To Mein Street 
the line is 100mm steel welded pipe.  Beyond into Island Bay, it is 150mm fuse 
welded HD Polyethylene. 

 
 Before Tory Street another branch line take-off feeds to Ellice Street in Mt 

Victoria.  From Ellice Street it feeds on to Kilbirnie (Williams Street and Onepu 
Road PRS's) in a variety of lead jointed cast iron, welded steel and flanged steel 
pipes of various diameters up to 600mm.  Another line branches to Miramar 
(Wexford Road and Tauhinu Road PRS's) in 300mm flanged cast iron pipe with 
sections of welded steel pipe. 

 
 Natural gas is supplied within Wellington using four pressures of 1170 kPa, 85 

kPa, 7 kPa and 1.5 kPa.  The HP main is constructed of all welded steel with 
various manually operated valves placed in line and at branches for isolating 
purposes.  The remainder of the system is a mixture of cast iron, steel and 
polyethylene with sizes varying from 50mm up to 600mm in diameter.  Up to 
1988, replacement of C.I. with P.E. was carried out on a demand basis.  In the 
past two years an insertion programme has greatly accelerated the rehabilitation 
works.  Plans are being progressed to replace the majority of the C.I. system with 
P.E. during the next eight years. 

 
 
B4.2 Gas System Vulnerability 
 
B4.2.1  Natural Gas Corporation - Regional Supply 
 
 The two transmission pipelines from the north to the Waitangirua and Belmont 

gate stations are of welded steel and well suited for earthquake resistance.  The 
gate and valve stations are low profile with few major heavy components and so 
are also not highly vulnerable to earthquakes. 

 
 Under the Regional Earthquake Event (0.3g ground acceleration) the system is 

not felt to be particularly vulnerable and significant damage is not expected. 
 
 Under the Wellington Fault Event, high ground accelerations may cause some 

damage to the pipeline but rupture is not expected.  Permanent ground  
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Figure B4.2 
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 deformations are not expected on the line of the lifeline. 
 
 High ground accelerations are likely to cause damage to equipment at gate and 

valve stations under this event and telephone and power disruptions are likely to 
interfere with monitoring and control systems.  Automatic shut-down actuators are 
likely to be activated and require manual reinstatement of supply.  Access to 
these areas is likely to be disrupted. 

 
 Under a fault event involving the Ohariu Fault, the system will be vulnerable to 

fault movement and more extensive pipeline damage may result with possible line 
rupture. 

 
 A recent exercise ran a transient flow model simulating a break in the 300mm 

diameter loop between the Pauatahanui main line valve and the Belmont station.  
This scenario restricts the gas supply to the 200mm pipeline terminating at 
Waitangirua.  The print-out from the model showed that the main line valve at 
Pauatahanui must be opened after a period of approximately 2 hours maximum to 
allow the gas in the 300mm pipeline upstream of the valve to flow into the 200mm 
line to Waitangirua.  To complete the flow between Waitangirua and Belmont and 
to Hutt Valley Energy Board, valves in the pipeline linking the Waitangirua and 
Belmont stations must be opened within 30 minutes of the rupture occurring.  
Using a continuation of the expected load profile there is a slowly declining 
pressure in the gas supply to Waitangirua and Belmont.  In real life however, this 
load would be shed almost immediately after the earthquake and with the reduced 
load, the pressure in the pipeline would be adequate to supply any expected load 
requirements in the Wellington and Hutt Valley areas.  Based on this, Hutt Valley 
Energy Board and Wellington Gas would be able to continue their supply to 
whatever loads in the Wellington area were still operational depending on the 
integrity of their reticulation. 

 
 
B4.2.2  Hutt Valley Energy Board System 
 
 As the pipe system is relatively new and consists of ductile materials such as 

polyethylene and steel, there is reason to believe the potential for excessive 
damage due to an earthquake is rather small. 

 
 Under the Regional Earthquake Event, this opinion is supported by the statistics 

of low pipe failures from the recent Newcastle, Australia, and Loma Prieta, 
California, events.  It is noted however that the Newcastle earthquake was small 
and that some damage to polyethylene pipes was experienced at Loma Prieta.  It 
is considered there may be some vulnerability to amplified ground shaking for 
pipes in the low density sediments around Seaview and Petone. 

 
 Under the Wellington Fault Event both high pressure feeder pipes from Belmont 

to Riddler's Crescent and to Avalon, cross the fault line and could be subject to up 
to 4 m of shear movement.  Vulnerability to severe damage and possible rupture 
is considered to be significant.   

 
 If a rupture of one of the pipes were to happen it would lead to an excessive 

pressure loss in the system.  It would depend on the type of rupture and the gas 
consumption how soon and to what extent the pressure of the system would drop.  
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The worst case would be on a cold winter morning during the week.  The 
development of pressure loss for such a case has not yet been studied but it is 
possible that there would not be enough pressure to keep appliances operating.  
Industrial and most modern domestic appliances would automatically shut off and 
remain in a safe position until manually re-lit.  This would support the pressure 
build-up after a repair, or where there is sufficient feed through the second feeder 
pipe. 

 
 Under the Wellington Fault Event the valve and central stations close to the fault 

at Riddler's Crescent and Avalon would be subject to severe ground shaking and 
equipment and connections would be vulnerable to damage.  Monitoring, control 
and communication equipment would be likely to be severely disrupted. 

 
 Pipes and pressure reducing stations in the Petone/Seaview sediments would be 

vulnerable to liquefaction under this event.  Substantial permanent ground 
deformations are likely with damage to junctions and service connections and to 
connections to structures and valve stations.  The performance of polyethylene 
pipes has not been tested under conditions of severe ground deformation and 
while it is expected to perform better than most materials, tearing at joints and 
junctions should not be unexpected. 

 
 On both sides of the valley to the north of Lower Hutt there are hillsides vulnerable 

to landslide.  Intermediate pressure lines under these areas are vulnerable to 
gross ground movements. 

 
 There are some medium pressure mains crossing the fault line.  A rupture of 

those would affect the supply to certain districts but not the rest of the system. 
 
 There is one major bridge, the Estuary Bridge, crossing the Hutt River and 

carrying a 200mm dia. intermediate pressure pipe.  Valves are on both sides.  
The other two major bridges in the Hutt, Melling and Ewen, both carry a 100mm 
medium pressure pipe and are not as critical to the system.  P.E. pipes would be 
closed by squeezing off.  There are other minor bridges with steel or P.E. pipes.  
At the time of design, the collapse of these smaller type bridges seemed unlikely 
and the risk of pipe damage therefore small, which is the reason why in many 
cases no valves have been installed.  A more detailed assessment should now be 
carried out to check the validity of the original design criteria. 

 
 Another area of potential leakage are consumer's meter/regulator stations.  While 

it is unlikely that damage could accrue from shaking it seems to be possible that 
falling debris could damage weak parts of the installations such as meters, 
instruments, pilot lines, etc.  However, high rise buildings are rare in the Hutt 
Valley and Porirua areas, and most of the large stations are built on a separate 
site, remote from a building or other structure.  A rupture of such pipework would 
affect the supply of the customer, but not the entire system. 

 
 Beyond the Board's reticulation system there is, of course, a potential for gas 

escapes on the customer's premises.  Collapsing buildings or poorly fixed 
appliances could lead to damage of meters, regulators, instruments and pipes 
and leakage in due course.  However, the Board has maintained a high standard 
of installation quality by inspection and training, and the above mentioned 
earthquakes in Australia and USA have shown that the damage caused by fires is 
rather small in comparison to the other types of damage.   



   

 62 

  
B4.2.3  Wellington Gas Company System 
 
 The Company recognises that higher pressure contributes to the hazard and has 

always endeavoured to keep pressures to the minimum acceptable level.  
However, low pressure gas escapes can be just as dangerous, i.e. silent and 
insidious.  Also the low pressure system has more joints and is more brittle with 
much of it in cast iron.  Four differing pressure systems operate and vulnerability 
is expressed relative to those ranges. 

 
 i)  High Pressure System at 1170kPa 
 

 The pipeline and pressure reducing stations are not more than 20 years old.  
The pipe is constructed of API 5L Grade B steel and welded to API 1104 
standards with welds being subjected to 50% radiography.  The pipe is 
sleeved with extruded polyethylene and the pipe's integrity is maintained by 
the application of impressed current corrosion protection. 

 
 Manual in-line and branch valves are fitted at strategic positions.   
 
 Regulator stations have a number of safety features, including 

active/monitor, slam shuts and pressure reliefs.  All pipework is constructed 
in steel, and where flanges are used, they are Class 150 and 300 joined 
using HTS bolts.  All fittings such as valves and filters are in cast steel, 
ancillary pipework is constructed of stainless steel with Swagelock fittings 
and the majority of stations are housed in cages. 

 
 These welded steel lines are not considered vulnerable to the Regional 

Earthquake Event except where one crosses the Wellington Fault at Raroa 
Road. 

 
 Under the Wellington Fault Event they are not considered vulnerable to 

ground shaking although the lines around the waterfront could be 
susceptible to damage from permanent ground deformations arising from 
liquefaction of the low density sediments, particularly at junctions or 
connections to regulator and control stations between Bunny and Tory 
Streets. 

 
 Regulator and control stations within the severe ground shaking zone are 

vulnerable to equipment damage and disruption to monitoring, control and 
communications systems. 

 
 Individual areas of concern: 

 
   Tawa Gate Station 
 
   Landslip near culvert possible with ground shaking.  Backfilling/piping of  

 culvert to be examined. 
 
   Takapu Bridge 
 

  The pipeline crosses the bridge at the Takapu railway station encased in a 
300mm dia. steel pipe.  The bridge is of reinforced concrete construction 
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and is understood to have been designed in the late 1920's.  The 
vulnerability of the pipe obviously depends on the resistance of the bridge to 
earthquake damage. 

 
  Mitigation action: Some investigation of the way in which the pipe enters and 

exits the bridge is considered necessary, but no further action is proposed 
until an assessment of the bridge has been carried out. 

 
  Bridge Crossing to Stewart Drive 
 
  A 50mm pipeline crosses the motorway via the flyover to Newlands and 

supplies a regulator station at Stewart Drive.  The bridge was designed of 
reinforced concrete to earthquake standards and an assumption is made 
that damage will be minimal and the pipe unaffected. 

 
  Burma Road Pressure Reducing Station (PRS) 
 
  There is a possibility of some minor landslide falling on or nearby.  The 

likelihood of damage is considered remote and the importance of the station 
does not justify any mitigation action. 

 
  Ngauranga Gorge 
 
  The 150mm main supplying the Abattoir PRS is very vulnerable to landslide, 

generated by ground shaking.  It is considered that no suitable mitigation 
action can be reasonably justified. 

 
  Raroa Road Fault Line 
 
  The 250mm main crosses the fault line at approximately 90° and it is 

expected that damage to the pipe will occur, the severity naturally 
depending upon the size of the earthquake.  The area is also susceptible to 
landslips, the extent of which cannot be established, and for that reason it is 
felt impractical to carry out any mitigation work on this pipe.  Replacement of 
a section of this main will be allowed for in contingency plans. 

 
  Norway Street 
   
  The main is laid down a slope to Norway Street from Plunket Street not far 

from the fault line.  Again, some landslip is expected, but damage to the 
main should be minimal.  No mitigation action is to be taken, apart from the 
substantial anchor block in Plunket Street at the top of the slope. 

 
  Tory Street PRS 
 
  The station building was constructed in 1984, of concrete block and was 

designed to meet the relevant earthquake codes.  All the pipework inside the 
building is soundly constructed.  However, it is situated beside and attached 
to, the Rank Xerox building which is several storeys high.  Collapse of the 
adjoining building is of some concern as impact damage is possible.  The 
prospect of a tsunami cannot be discounted leading to the possibility of a 
wall of water hitting the doors and causing impact damage to the ancillary 
pipework. 
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  Mitigation action: Examine the structure to determine if there is any 

strengthening work that can be carried out to prevent damage from tsunami 
or collapse of the adjoining structure.  Consider Rank Xerox building. 

  
  Bunny Street PRS 
 
  Station is situated underground, near Bowen Street regulator station and is 

subject to ground movement/flotation in a liquefaction area.  The supply 
pipeline to and from the station is expected to remain intact, but the ancillary 
pipework will be examined to check security. 

 
  Ellice Street 
   
  PRS is vulnerable to minor landslip, and trees could fall on caging, causing 

impact damage to ancillary equipment. 
 
  Mitigation: Examine possibility of trees being removed (which is unlikely) or 

reinforce caging. 
 
ii) Medium Pressure System at 80kPa 
 
  The 150mm dia. cast iron main supplying Mein Street is constructed with 

mechanical joints and is not situated in an area of liquefaction.  However, 
some damage may occur at sockets, and pipe barrel due to ground shaking 
causing possible ground movement.  This main is capable of isolation 
without disrupting supplies to the area that it feeds.  Insertion of the main 
with polyethylene is an option.  The remainder of the mains pressure system 
is constructed of steel and polyethylene and no problems are expected. 

 
  Dover Street PRS 
 
  This is situated in a concrete housing of old construction and the structure 

will be examined to see if strengthening is necessary. 
 
iii) Intermediate Pressure System at 7kPa 
 
  The majority of this system is constructed of cast iron and pipe sizes range 

from 100mm to 600mm with the majority using lead yarn joints. 
 
  Ellice Street to Miramar 
 
  The 600mm main crosses Mt Victoria, through Hataitai, Kilbirnie and on to 

supply Miramar.  This is the main feed to the eastern suburbs.  Geotechnical 
definitions are uncertain in this area and further work is required to establish 
vulnerabilities.  This needs clarification before consideration can be given to 
any mitigation action. 

 
  Ellice to Tory Street 
 
  The 600mm/300mm main crosses Cambridge/Kent Terraces where 

liquefaction is unlikely, but there could be disturbance of joints. 
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  Tory Street to Bunny Street 
 
  The majority of the main runs through an area of liquefaction and extensive 

damage to the 300mm dia. cast iron pipes is expected.  It must be noted 
that collapse of this main will result in foreign matter (water, silt, etc.) 
prohibiting post-earthquake insertion. 

 
  Mitigation action: Possible insertion at some future date. 
 
  Bunny Street to Rangiora Avenue 
 
  The pipe crosses the fault line near the junction of Thorndon Quay and 

Tinakori Road at an angle of approximately 45o.  Terminal damage is 
expected. 

 
  Mitigation action: Possible insertion of the pipe with polyethylene at some 

future date.  However, survival across the fault, particularly in an area of 
liquefaction, is doubtful. 

 
iv) Low Pressure System at 1.5kPa 
 
  The system is constructed of cast iron and steel pipes with approximately 

60% of the mains being of cast iron.  It is in areas of liquefaction where the 
cast iron damage could be extensive and that the mains could block with 
sand/silt etc., and so destroy the possibility of future insertion. 

 
  In areas of ground shaking extensive joint leakage is expected as well as 

cracking of sockets.  There could also be some pipe breakage where ground 
movement takes place. 

   
  There will also be widespread damage at points where steel services 

connect into the cast iron main, due to weakness caused by corrosion and 
reduced cast iron strength due to drilling. 

 
  Leakage is expected at meter connections with some possible impact 

damage caused by building shaking/movement. 
 
  Mitigation action: An insertion programme will reduce the risk and the 

company will continue to locate meters outside the premises. 
 
 
B4.3 Gas System - Mitigation Measures 
 
B4.3.1  Natural Gas Corporation of NZ Limited 
 
 Where the transmission lines into the region cross the Ohariu/Gibbs Fault, they 

are supported on trestles above ground, allowing relative movement between the 
pipe and the ground. 

 
 However, where pipes are trenched across a fault, the preferred situation for a 

buried pipeline has been to cross the fault as near as possible to right angles.  
Further beneficial measures could be a reduced depth of burial, backfill the trench 
with light and preferably granulated material and ensuring that the pipeline is 
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straight either side of the fault for a distance of at least 200m.  Ensure that the 
pipe crosses the fault at an angle arranged so that the fault movement in the 
expected direction will strain the pipe in tension, not in compression, and an 
increase in wall thickness is recommended at seismic fault crossings. 

 
 Pipelines crossing under or supported on road bridges should be supported 

beneath the slab but above the level of the underside of the beams to have 
protection from impact from below, with the mountings arranged such that the 
pipe can move on the supports.  The pipe should pass through the abutment, with 
generous clearance all round, rather than be routed up the abutment face and on 
to the underside of the slab.  Routing the pipe up the abutment restricts the ability 
of the pipe to move during earthquake shaking which could result in damage to 
the pipeline.   

 
 Vessels in gas control stations should be firmly fixed and attention should be 

given to the connection between vessels and attached pipework ensuring that the 
pipework was adequately supported.  Trees adjacent to the station should be 
removed to prevent damage caused by falling trees and limbs.  The importance of 
communications should be recognised, particularly the security of electrical supply 
and the Telecom network for data transfer to the SCADA system and the remote 
operation of valves and equipment. 

 
 A recommendation is made that utilities should consider running emergency 

exercises to simulate, as far as possible, the actual emergency situations which 
may occur during an earthquake and have all staff react to these as they would in 
the real life situation.  This type of exercise requires careful planning to ensure 
that it is as real as possible but that there is no panic or confusion caused to other 
emergency service organisations.  They should be notified and given the 
opportunity to participate in the exercise even in a reduced manner.  The point 
was made that the greatest use of emergency exercises comes from a careful 
and complete debriefing after the exercise.  It is from this debriefing that 
deficiencies and work procedures, which could prevent the smooth handling of a 
real life emergency, are revealed and a review of the overall management from 
the top to the bottom should be made to ensure that all those who would be 
involved in a real life situation are aware of their responsibilities and the limit of 
their authorities. 

 
B4.3.2  Hutt Valley Energy Board 
 
 The following mitigation measures have been put in place and are continuously 

updated or reviewed:  
 

• Keeping record plans up to date 
• Checking access to and state of valves 
• Holding stock of essential spare parts 
• Holding and updating a list of available spare parts at other utilities 
• Maintaining a good system of two-way radio communication 
• Establishing staff communication in Civil Defence situations 
• Keeping a Civil Defence plan up to date 
• Carrying out Civil Defence exercises to train and test valve operations, 

communication, supply of materials, repairs and general management 
• Reviewing the design of the system in regard to vulnerability 
• Informing the customers how to turn off their gas supply and how to 
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relight appliances 
• Regular meetings of supervisory staff to work out further mitigation 

measures 
• Facilities for polyethylene pipe squeeze off 
• Valves on system and on consumer meters 
• Emergency plan details to cover a wide range of situations 

 
 
B4.3.3  Wellington Gas Company 
 
 Upgrading of the system is continuing with mitigation being carried out as detailed 

under specific areas of vulnerability in the above statement.  The measures for 
Hutt Valley Energy Board above also apply to Wellington Gas Company Limited. 
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B5 Electricity 
 
 
B5.1 Electrical System Description 
 
 The electrical distribution system comprises a regional supply from the national 

grid to two district distribution networks.  The supply is through the Trans Power 
New Zealand Limited national grid network which feeds the Supply Authority 
networks operated by MED Capital Power and the Hutt Valley Energy Board.  
Figure B5.1 is a schematic diagram of the principal elements of the regional and 
district networks, together with Supply Authority boundaries.   Figure B5.2 shows 
the geographical location. 

 
B5.1.1  Regional Network 
 
 The main Trans Power NZ Limited distribution station in the Wellington region is 

at Haywards, which is connected to Bunnythorpe the major distribution station for 
the Manawatu, and to the Benmore generation station in the South Island.  The 
connection between Haywards and Bunnythorpe is by three 220kV Alternating 
Current (AC) circuits on steel lattice towers.  The connection between Haywards 
and Benmore is by a 500kV High Voltage Direct Current (HVDC) circuit on lattice 
towers to three undersea cables with line/cable terminations at Oteranga Bay.  
The earth electrode for the HVDC is at Te Hikowhenua which is connected by a 
line on lattice towers to the Haywards-Oteranga Bay circuit. 

 
 Haywards is the interconnecting point for the 220kV, 110kV and HVDC systems 

and converts and distributes the HVDC power to Bunnythorpe via 220kV lines and 
to the local substations via 110kV lines for supplying the local Supply Authorities.  
In the event of an outage of HVDC the Haywards substation is supplied from 
Bunnythorpe.  

 
 The second major Trans Power station in the region is Wilton which is connected 

by one 220kV AC circuit to Bunnythorpe and one 220kV circuit to Haywards, on 
lattice towers.  Wilton interconnects the 220kV and 110kV systems and is the 
major station supplying (via Central Park) the Wellington City area. 

 
 The Trans Power substations in the Wellington region, ranked in order of load 

supplied to the Supply Authorities are: 
 

• Central Park 
• Wilton 
• Melling 
• Takapu Road 
• Gracefield 
• Haywards 
• Upper Hutt 
• Khandallah 
• Pauatahanui 

 
 These stations supply the Supply Authorities at 33kV except for Central Park, 

Melling and Haywards which also supply at 11kV, and Khandallah which supplies 
at 11kV only. 
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Figure B5.1 
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Figure B5.2 
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 The Haywards 220kV switchyards and HVDC Links are designed for a 0.7g 

ground acceleration, whereas the 110kV and other Trans Power stations have 
been designed for 0.4g. 

 
B5.1.2  District Networks 
 

i) MED Capital Power 
 
 The MED Capital Power operates a 33kV sub-transmission distribution 

system with ten zone substations supplied from two Trans Power stations, 
as follows: 

 
 Central Park: University 
  Palm Grove 
  Frederick Street 
  Hataitai 
  Evans Bay 
  Ira Street 
 
 Wilton: The Terrace 
  Moore Street 
  Karori 
  Waikawhai Street 
 
 The 33kV network comprises twin parallel circuits radially connecting the 

Trans Power station and each zone substation by underground cable.  The 
two cables to each substation have a separation of at least 450mm, so as to 
regulate cable derating owing to the heating effect of the adjacent 33kV 
cable and to minimise the risk of losing the entire substation supply owing to 
accidental cable damage.  There is no 33kV inter-connection between zone 
substations but inter-connections can be provided by using available 11kV 
inter-tie circuits. 

 
 At the zone substations, the 33kV supply is transformed to 11kV via two 

independent 33kV/11kV transformers.  From these, 11kV supply is taken to 
the 11kV switchboard, with each supplying one half of the 11kV 
switchboard.  Independent operation is maintained via a bus section which 
is normally run open.  This provides for supplying the entire substation from 
one 33kV/11kV transformer if necessary.  The two Trans Power stations 
also supplying at 11kV (Central Park and Khandallah) are similarly 
configured. 

 
 At each 33kV/11kV substation, up to 12 11kV feeder circuit breakers 

distribute supply to the local area using underground cable.  Most central 
city 11kV circuits are ring cables with differential protection.  Suburban 11kV 
feeders are a mixture of ring cables and radial circuits with 
overcurrent/earthfault (oc/ef) protection.  These then connect to local 
11kV/400V substations, either owned by MED Capital Power, or supplied by 
a customer, to supply power at 400 or 230 volts.  The interconnecting 11kV 
cables are a mixture of ring and radial types. 

 
 Control of the MED Capital Power system is from the Webb Street control 
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room.  Remote control is by operation from the control desk via the pilot wire 
system to each of the zone substations and selected 11kV distribution 
substations.  Local control is also available.  

 
 All 11kV substations on the ring system automatically trip on fault detection.  

Supply can  be readily restored by this system's inherent nature.  If 
necessary, load may be shifted from one zone substation to another via the 
inter-tie circuits situated on the boundaries of the areas supplied from each 
zone substation. 

 
 The 11kV distribution substations supplied from the radial system, also 

automatically disconnect on fault detection, but fault areas can be isolated 
and electrical supply can be switched to maintain supply in different areas 
by the use of strategically placed inter-tie circuit breakers. 

 
ii) Hutt Valley Energy Board 
 
 The 33kV sub transmission system is the primary electricity distribution 

system for the HVEB and six of the above Trans Power stations supply to 
seventeen HVEB zone substations, as follows: 

 
 Takapu Road: Kenepuru 
  Johnsonville 
  Porirua 
  Tawa 
  Waitangirua 
 
 Gracefield: Gracefield 
  Wainuiomata 
  Seaview 
  Korokoro 
 
 Melling: Naenae 
  Waterloo 
   Petone 
 
 Upper Hutt: Maidstone 
  Brown Owl 
 
 Haywards: Trentham 
 
 Pauatahanui: Mana/Plimmerton 
 
 The 33kV system uses twin parallel 33kV overhead line or underground 

cable circuits between the Trans Power stations and the HVEB zone 
substations.  Typically 60% of these circuits are underground.  These twin 
circuits have a nominal separation within a trench or on a pole for electrical 
rather than structural security.  There is no 33kV interconnection between 
zone substations but interconnections can be provided by using available 
11kV inter-tie circuits. 

 
 At the zone substation the 33kV supply is transformed to a voltage 

regulated 11kV supply using two parallel 33kV/11kV outdoor transformers.  
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The supply is then passed to indoor 11kV switchgear via dual circuit 
breakers to a distribution bus to interconnect the two halves of the 11kV bus 
system.  The bus section of the HVEB system is normally run closed.  In this 
manner a secure system is provided in which either 33kV circuit can be 
taken out of service without loss of supply to the zone substation.  The three 
Trans Power stations supplying at 11kV (Haywards, Melling and 
Khandallah) are similarly configured. 

 
 Each zone substation has up to eight 11kV feeder circuit breakers 

distributing supply as a radial feed to the local area.  The 11kV distribution 
circuits are either underground cable (40%) or pole mounted overhead line 
11kV circuits.  These connect to further 11kV local distribution substations, 
berm sited substations or pole mounted transformers to supply at 400 volts 
or 230 volts.  Supply can therefore be at 11kV for large industrial users, at 
400 volts for smaller industrial and commercial users, and at 230 volts to 
domestic customers. 

 
 Central control is exercised from the HVEB Knights Road building first floor 

control centre.  In addition, manual control can be exercised at each zone 
substation. 

 
 All the above sites and selected local 11kV substations have computerised 

SCADA remote control and indication monitoring back to the control centre.  
Zone substation 11kV circuit breakers are automatically tripped on fault 
detection in the 11kV circuit.  Some local area substations have an 
automatic circuit breaker trip.  By the use of strategically placed inter-tie 
circuit breakers, fault areas can be isolated and electrical supply can be 
switched to maintain supply in different areas. 

 
B5.1.3  Local Networks 
 

i) MED Capital Power 
 
 MED Capital Power has an extensively interconnected system with 

approximately 750 ground mounted fully enclosed 11kV/400V substations.  
These range from a small metal bermside kiosk containing a transformer 
(maximum 500kVA) on a radial 11kV supply for domestic supply, to a 
concrete building housing two transformers with inter-tie capability between 
two or more 11kV ring circuits for major consumer installations. 

 
 Consumer substations are usually required for developments within the 

Central Business District.  In rural areas, MED Capital Power uses pole 
mounted 11kV/400V transformers to supply sparsely populated areas. 

 
 All 11kV circuits are underground except for some rural overhead lines in 

the Makara area.  There are approximately 40 pole mounted transformers in 
this area. 

 
 In the central city all 11kV and 400V circuits are underground cables.  Since 

1968 all new subdivisions have been supplied by underground cables. 
 
 Other 400V circuits are a mixture of overhead lines and underground cables 

with approximately 80% overhead in the older suburbs.  MED Capital Power 
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has a long term programme for completely undergrounding the main 
overhead reticulation.   

 
 The policy is to restrict load, where possible to less than 1000kVA on a 

substation supply suburban load to ensure that load may be practicably 
transferred to the surrounding distribution substations in the event of 
problems.  This allows quick restoration of power to affected customers and 
enables a substation to be out of service for any reason with no loss of 
supply in the majority of cases. 

 
 Consumer substations are generally particular to a given building.  There is 

usually no backup via the 400V network except where some feedout 
capacity has been negotiated with the building owner.   

 
ii) Hutt Valley Energy Board 
 
 The HVEB local network comprises 11kV and 400 volt distribution circuits, of 

which 40% of the 11kV circuits are underground and 50% of the 400 volt 
circuits.  There are approximately 1800 pole mounted 11kV/400V 
transformers and 950 ground mounted transformers.  An undergrounding 
policy is now in effect which will see domestic supply areas progressively 
undergrounded over future years. 

 
 The majority of 11kV distribution system is generally capable of inter-

connection for fault restoration purposes as described above, but there is no 
inter-connection normally available for the 400V system. 

 
 The rating and the approximate number of transformers in the 11kV local 

network, range from: 
 

  50 KVA 660 
  75 KVA 2 
 100 KVA 441 
 150 KVA 607 
 200 KVA 120 
 250 KVA 155 
 300 KVA 284 
 350 KVA 115 
 450 KVA 1 
 500 KVA 220 
 750 KVA 83 
 1000 KVA 45 

 1500 KVA 3 privately owned   
 
 The system capacity and layout is rationalised so that there are 

approximately: 
 
  5,500 consumers per zone substation 
  800 consumers per feeder 
  30 -150 consumers per transformer 
 
 In this manner, supply may be restored from adjacent systems and circuits 

without great difficulty generally in all areas. 
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B5.2 Electrical System Vulnerability 
 
B5.2.1  Regional System 
 

i) System Seismic Design 
 
 The new equipment and buildings at the substations range in age from very 

new, as being installed at present at Haywards, to as old as seventy years 
and subsequently have been purchased and designed for different seismic 
requirements.  These requirements vary from 0.7g acceleration for the new 
220kV and HVDC equipment at Haywards, 0.4g since the early seventies 
and modifications to essential items such as the HVDC link and 0.25g if 
considered at all for the older equipment.  The transmission line towers are 
inherently strong due to the extreme wind loading conditions they have been 
designed for. 

 
ii) Moderate Regional Event 
  
 The event does not appear as onerous as Trans Power's design earthquake 

and it is considered that damage overall will not be great. 
 
 The major damage due to the Edgecumbe earthquake (estimated 0.4g MM 

IX) was caused by the failure of the holding down and fixing arrangements 
to prevent movement or tipping over of equipment.  The result was some 
transformers toppled off their foundations with subsequent damage to 
bushings, coolers and adjacent equipment, several control and relay panels 
tipped over with minimal damage and there was some minor damage to 
several buildings. 

 
 Trans Power have recently engaged consultants to assess the seismic 

strength of the Wellington substation's equipment and all buildings 
throughout the country.  Their findings indicate that for Trans Power's 
design earthquake, as detailed in their standard DC3, the damage to the 
Wellington substations will be similar to that of the Edgecumbe earthquake. 

 
 The assessed vulnerability of principal facilities is as follows: 
 
 Central Park (110kV) was built in the early forties and may suffer major 

damage to as much as 40% of the equipment. 
 
 Wilton (110kV) was built in the mid sixties with the 220kV being added in 

1980, the 110kV may suffer minor damage to as much as 40% of the 
equipment whereas the 220kV should be undamaged. 

 
 Melling (110kV) was built in the thirties (11kV system) with the 33kV being 

added in the late fifties and may suffer major damage to as much as 40% of 
the equipment. 

 
 Takapu Road (110kV) was built in the early sixties and may suffer major 

damage to as much as 40% of the equipment. 
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 Gracefield (110kV) was built in the early seventies and may suffer minor 
damage to as much as 20% of the equipment. 

 
 Haywards was built in several stages, the 110kV and 33kV in the mid- 

fifties, the 220kV and HVDC in the mid-sixties with the HVDC being 
seismically upgraded in the seventies, the 220kV being replaced and an 
HVDC scheme being added in 1990.  The 110kV and 33kV equipment may 
suffer major damage to as much as 10% of the equipment whereas the 
220kV and HVDC schemes will probably only sustain minor damage. 

 
 Upper Hutt (110kV) was built in the late sixties and may suffer major 

damage to as much as 40% of the equipment. 
 
 Khandallah (110kV) was originally constructed circa 1924 and extended in 

the forties and may suffer major damage to as much as 40% of the 
equipment. 

 
 Pauatahanui (110kV) was built in the mid-fifties and may suffer major 

damage to as much as 40% of the equipment. 
 
 The 220kV, 110kV and HVDC transmission lines may suffer damage on the 

110kV and HVDC lines due to slips and tsunami respectively.  There will 
probably be a complete loss of power to all the substations except for the 
220kV at Haywards and Wilton.  The power would be restored piecemeal 
over the next few hours as all the substation equipment and HV lines are 
inspected and damaged equipment by-passed or replaced to facilitate the 
restoration of power throughout the Wellington region. 

 
iii) Wellington Fault Event  
 
 This event is well in excess of the requirements of Trans Power's 

earthquake standard DC3 at an MM intensity of X and ground accelerations 
of 0.9g and 0.7g.  There is no foreseeable difference in the extent of 
damage between the effects of a 0.9g as compared to a 0.7g acceleration 
earthquake other than at Haywards, where the new 220kV and HVDC 
scheme would suffer only minor damage at 0.9g and probably none at 0.7g.  
Assessments for principal facilities are as follows: 

 
 Central Park:  The damage will be major and will probably affect as much 

as 100% of the equipment and the buildings. 
 
 Wilton:  Damage will be major for the 110kV equipment probably affecting 

as much as 100% of it whereas the 220kV equipment may suffer only 
moderate damage to as much as 70%. 

 
 Melling:  Damage will be major and may affect as much as 100% of the 

equipment with the building probably in a state of collapse. 
 
 Takapu Road:  Damage will be major and may affect as much as 100% of 

the equipment and probably with major damage to the building.   
 
 Gracefield:  Damage will probably be moderate and will affect up to 70% of 

the equipment with minor damage to the building. 
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 Haywards:  The 110kV, 33kV and older HVDC equipment and associated 

buildings will probably sustain major damage of up to 100% whereas the 
new 220kV and HVDC scheme and associated buildings may suffer minor 
damage to as much as 10% failure. 

 
 Upper Hutt:  The damage will be major and may affect as much as 100% of 

the equipment and also cause major damage to the buildings.  
 
 Khandallah:  The damage will be major and may affect as much as 100% 

of the equipment and the building will suffer partial collapse. 
 
 Pauatahanui:  The damage will be major and may affect as much as 100% 

of the equipment and the buildings may be in a state of collapse. 
 
 The 220kV, 110kV and HVDC transmission lines will probably suffer major 

damage and the 110kV and HVDC lines may lose as much as 10% of the 
towers whereas the 220kV lines are expected to remain intact. 

 
 There would most likely be complete loss of power to the Wellington region 

until the 220kV lines, and the Haywards and Wilton 220kV substations, 
could be inspected, repaired as necessary and temporary hook-ups made 
before the power could be restored, perhaps up to a day later to these 
stations.  Major repairs and temporary hook-ups at the essential substations 
and to the transmission lines would then have to be carried out and it may 
be up to a week before the power was available piecemeal for further 
distribution to the other Trans Power substations and local Supply 
Authorities. 

 
iv) Summary 
 
 The Trans Power Wellington region substations will withstand a Moderate 

Regional Event with only minor damage whereas they will suffer major 
damage in the case of a Wellington Fault Event.  The Trans Power 
transmission lines will be relatively undamaged in a Regional Event and will 
probably only suffer minor damage in a Wellington Fault Event.   

 
 

B5.2.2 District and Local Networks 
 
i) MED Capital Power 
 
 Moderate Regional Event 
 
 Minor damage would be expected within the MED Capital Power system. 
 
 The 33kV, 11kV and 400V underground networks should not be damaged 

beyond some strain (and possible failures) at the interconnection points with 
the overhead network.   

 
 It is expected that most damage will occur on the overhead reticulation 

systems. 
 



   

 78 

 Some overhead lines supplied by MED Capital Power are likely to fail, with 
consequential loss of supply to consumers. 

 
 Modes of failure might encompass: 
  
 • Insulators being pulled off houses or poles 
 • Overhead lines breaking under stress 
 • Poles moving out of alignment 
 • Pole mounted transformers shifting on platforms 
 
 It is anticipated that no more than 10% of the MED Capital Power system 

will be affected.  What damage does occur should be easily repaired and 
the system returned to normal within one month of the event. Restoration of 
power lost during the event, will also depend on availability through the 
Trans Power system. 

 
 Wellington Fault Event 
  
 It is expected that major damage will occur throughout the MED Capital 

Power 33kV, 11kV and 400V networks.  It is likely that between 50% and 
75% of the system would sustain some physical damage.  The damage 
would vary in severity. 

 
 The actual effects of this scenario on the MED Capital Power system are 

indeterminable.  Most variables are hard to quantify. 
 
 Two of MED Capital Power's zone substations supplying the Central 

Business District (CBD) area are fed from Trans Power's Wilton substation.  
The four 33kV cables to these substations cross the Wellington Fault 
between Park Street and Tinakori Road.  These cables then cross the 
Molesworth Street bridge into the CBD. 

 
 It is likely that these four cables would be damaged by an earthquake of this 

severity.  The extent of the damage (and the restoration times) is very 
dependent on the effects of this incident on the Molesworth Street Bridge. 

 
 MED Capital Power has sufficient emergency material spares to relay at 

most two of these cables if the bridge is damaged.  Priorities are dependent 
on the Civil Defence Controller for the area.  Even if Molesworth Street 
bridge is usable, restoration time for these cables would be in the order of 
two to three weeks.  If the Molesworth Street Bridge collapses, two to three 
months after the bridge structure is usable again would be required. 

 
 None of the MED Capital Power's structures have been designed to 

withstand an earthquake generating a ground acceleration of 0.9g.  It is 
expected that structural damage will occur to substation enclosures, but 
power should still be able to be supplied through most of these, at least on a 
temporary basis. 

 
 Another major concern would be the condition of Nairn Street after an 

incident with 0.9 ground acceleration.  Trans Power have stated their doubts 
about a retaining wall at Central Park substation which supports this street.  
Several MED Capital Power zone substations are supplied from Central 
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Park, and have their 33kV cables laid along this road.  If this road collapses, 
MED Capital Power does not carry sufficient stocks to completely relay 
these cables. 

 
 Other modes of failure would probably include: 
 

• Structural damage to substation enclosures 
• Transformers being dislodged 
• Buswork inside zone substations being damaged 
• Porcelain insulators cracked/broken 
• Sealing ends damaged and potentially leaking 
• Switchgear (both 11kV and 400V) damaged either directly or through  
 falling debris 
• Pole and overhead line failures 
• Underground cables damaged due to road deformation 

  
 It is expected that there will be an immediate loss of supply to the entire 

Wellington City owing to Trans Power and MED Capital Power system 
damage.  The restoration would need to be co-ordinated between MED 
Capital Power and Trans Power to the planned requirements of Civil 
Defence.  Temporary repairs would be carried out as necessary within the 
system, probably to the key areas first where Trans Power anticipate 
restoration of supply to be possible within a workable time frame. 

 
 Final repairs would take in excess of a year to complete. 
 
 General Comments 
 
 All restorations of supply are dependent on the damage done both to the 

MED Capital Power and to the Trans Power systems. 
 
 Although physical damage only is represented here, operational damage 

may be more or less extensive dependent on the availability of electrical 
supply from Trans Power's grid system. 

 
 It is unlikely that the MED Capital Power system would be completely 

devastated even in the event of a Richter magnitude 7.5 earthquake.  The 
comments above represent MED Capital Power's staff's judgement as to 
what could happen. 

 
ii) Hutt Valley Energy Board 
 
 Moderate Regional Event 
 
 Throughout the Hutt Valley Energy Board power distribution system, only 

minor damage is expected with a maximum of 15% of the total system being 
effected. 

 
 Damage to district networks should be restricted to largely inconsequential 

building and equipment damage.  The parallel 33kV circuits (both lines and 
cables), which link Trans Power stations and Hutt Valley Energy Board zone 
substations should sustain little or no damage. 
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 Most damage from this event will occur to the overhead reticulation systems 
of the local networks.  This damage will include: 

 
• Pole misalignment and failure 
• Line hardware failure 
• Insulator failure 
• Conductor breakage 

 
 Underground cables, both 11kV and 400V, associated with the local 

networks should not be affected except for overhead line to underground 
cable connections, such as cable potheads which may be mechanically 
stressed and fail. 

 
 Damage resulting in the loss of supply to consumers will be easily repaired 

and/or by-passed.  Hence, notwithstanding the possible loss of supply from 
Trans Power, power restoration to the majority of the Hutt Valley Energy 
Board's distribution area should be achieved within hours.  Full and final 
repairs to the system are expected to be completed within several weeks. 

 
 Wellington Fault Event 
 
 The Hutt Valley Energy Board distribution system will suffer considerable 

physical damage as a result of this event.  Up to 50% of the total system 
may be affected. 

 
 Damage to district networks will be substantial, with the most severe 

damage being the possible loss of the 33kV parallel circuits which link Trans 
Power stations to Hutt Valley Energy Board zone substations, as follows: 

 
  

• The Haywards/Trentham lines, Upper Hutt/Brown Owl oil cables, Upper 
Hutt/Maidstone gas cables, Gracefield/Korokoro oil cables and 
Melling/Petone gas cables all cross the fault line and will probably be 
subject to some fault displacement damage. 

 
• The Melling/Naenae oil cables and Melling/Waterloo oil cables follow 

alignments which in part are adjacent to the fault line.  Hence these 
circuits are also expected to suffer fault displacement damage. 

 
• Damage from ground shaking and landslides is expected to affect the 

Takapu Road/Johnsonville, Porirua, Kenepuru, Tawa and Waitangirua 
overhead lines, as well as the Gracefield/Wainuiomata and 
Pauatahanui/Mana-Plimmerton lines. 

 
 Temporary repairs to 33kV overhead line circuits could be carried out in a 

matter of hours.  However, the restoration of 33kV oil and gas cables will 
take much longer. 

 
 The Hutt Valley Energy Board carries only selective spares (such as short 

lengths of 33kV cable and through-joints) which would be required to make 
immediate repairs to 33kV cables.  Also it is expected that the severity of 
damage will be such that complete relaying of sections of the cables may be 
required in several cases.  Depending on the availability of cable equipment 
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this task would take several months.  However, the effects of the loss of 
some cables can be mitigated through the construction of temporary 
overhead lines. 

 
 Damage is also expected to occur to the zone substation buildings and 

associated equipment which is an integral part of each district network.  
Only five of the eighteen Hutt Valley Energy Board zone substations have 
been built since 1971 and hence in the majority of cases the following 
damage can be expected: 

 
 • Structural damage to substation enclosures 
 • Dislodgement of transformers from stands 
 • Damage to busbars and switchgear 
 • Damage to oil and gas cable terminations 
 • Damage to control panels 
 
 It is expected that temporary restoration allowing basic operation of zone 

substations equipment could be achieved in a matter of weeks.  However, 
effective restoration at the district network depends upon the restoration of 
the relevant Trans Power/HVEB zone substation 33kV link. 

 
 Widespread damage is also expected to occur throughout local networks.  

Both underground cable and overhead line reticulation will be affected with 
the latter sustaining the most damage. 

 
 Damage will include: 
 
 • Displacement and failure of poles 
 • Insulator failure 
 • Line hardware failure 
 • Underground cable damage 
 • Transformer and switchgear damage 
 
 Full restoration of the majority of the local supply networks could be 

achieved in a matter of days, through the use of temporary repairs and 
alternative switching regimes. 

 
 An event of the type and magnitude depicted in this scenario will result in 

the immediate loss of supply to most of the Hutt Valley Energy Board 
reticulation area.  Restoration of supply to priority areas will depend largely 
upon: 

 
 • Availability of supply from the Trans Power system 
 • Restoration of applicable Trans Power/HVEB 33kV links 
 
 Full restoration of the Hutt Valley Energy Board 33kV system is expected to 

take about one year, depending on the availability of spare 33kV cable 
equipment and the ability to effect the repair or replacement of damaged 
33kV/11kV transformers.  Full restoration of the 11kV system is expected to 
take up to two to three months, as adequate spare 11kV system line and 
cable material and transformers are normally available at all times. 
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B5.3 Electrical System - Mitigation Measures 
 
B5.3.1. Regional Network 
 
 Background 
 
 Responsibility for this network rests with Trans Power Limited which has a long 

record of attention to seismic aspects of its facilities.  Quite apart from the  work in 
relation to the Wellington Lifelines Project, Trans Power has recently conducted a 
review of the Wellington region substations and is at present reviewing many 
other stations, suspected to be at risk throughout the country.  This is in response 
to the data gained from the Edgecumbe earthquake and a policy that all 
equipment and buildings must comply with the relevant Trans Power and building 
earthquake standards.  The findings are to be considered in Trans Power's future 
planning. 

 
 Trans Power Limited has a policy in place with the following objectives: 
 

• To maintain power supplies during and after an Edgecumbe size 
earthquake 

 
• To restore power supplies to earthquake damaged areas within three 

days 
 
• To ensure safety of the public and personnel 
 
• To minimise the cost of repairs 

 
 Involvement in the Lifelines Project has provided a broader insight into 

earthquake-related issues, and has led to the identification of specific concerns 
and items requiring attention in order that objectives are met. 

 
 Principal Issues and Actions 
 
 As a result of review during the project, several stations and transmission towers 

were identified as being likely to sustain varying degrees of damage.  Principal 
issues to emerge were: 

 
• Some major items of equipment throughout the country do not comply 

with Trans Power's earthquake standards and a programme is to be 
devised to replace or strengthen this equipment within the next few 
years. 

 
• Trans Power does not have any maintenance staff and as a result 

employs contractors to do this work.  Procedures are in place for these 
contractors to carry out emergency work but not on the scale envisaged 
for a major earthquake.  This point has not been resolved primarily 
because the two major contractors, like Trans Power, are part of 
Electricorp.  Nevertheless, in a state of emergency it is expected that all 
Electricorp's available resources would be directed to restore power to 
the affected area as soon as possible.  Detailed arrangements and 
agreements are needed to ensure these resources are available. 
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• The availability of spares for damaged equipment is uncertain.  Although 
the stations do have spares on site these are just as likely to be 
damaged at the same time as the major equipment.  Consideration will 
need to be given to keeping similar spares at stations outside the region 
and relying on transport facilities for delivery following a major 
earthquake. 

 
• At present a new system of equipment and spares inventories is being 

prepared and will be accessible to all the Trans Power divisions and their 
contractors.  This is considered to be an accurate file of available 
equipment for emergencies.   

 
• All Trans Power substations in the Wellington region have a degree of 

redundancy and it is considered that sufficient equipment will withstand 
the earthquake to be able to restore some power supplies within a day or 
two. 

 
• Trans Power is at present reviewing its design standards in line with 

experience gained from the Edgecumbe and overseas earthquakes as 
well as new New Zealand and overseas standards. 

 
• To date Trans Power has only a few operational procedures to respond 

to a major earthquake and it is considered that these require further 
development. 

 
• No advance planning for re-routing lines and by-passing damaged 

equipment has been done, as in the past the maintenance people have 
carried out on site assessments and repairs reasonably successfully.  
Plans should be considered for the various scenarios expected following 
a major earthquake. 

 
 Summary 
 
 Key mitigation issues to be addressed are: 
 

• Continue with the seismic upgrading of transmission equipment and 
buildings where appropriate. 

 
• Review maintenance contract conditions to ensure the availability of 

experienced repair personnel.   
 
• Review seismic design standards.  
 
• Ensure adequate contingency plans are in place for the operation and the 

repair of the transmission system damaged by a major earthquake.  
 
B5.3.2  District and Local Networks 
 
 While system descriptions and vulnerability assessments were presented 

separately for MED Capital Power and Hutt Valley Energy Board, mitigation 
aspects are dealt with from the common perspective of an Electrical Supply 
Authority. 
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 General 
 
 Electrical Supply Authorities operate their systems to cope with emergencies 

other than earthquake (e.g. weather, vehicle collisions with distribution apparatus, 
distribution apparatus failures).  This general preparedness will assist them to 
cope adequately with major earthquake emergencies by the extension and 
adaptation of their normal emergency response arrangements.  Nevertheless 
earthquake damage is of a larger scale requiring greater resources, and will 
introduce special problems. 

 
 A major consideration is that the Supply Authorities at present can only distribute 

electricity that is available from the Trans Power Limited network.  Should the 
Trans Power network lose supply, the Supply Authorities will be without supply 
also.  Close co-operation will be required between the Supply Authorities and the 
local Trans Power control centre (Haywards Substation) so as to restore electrical 
supplies in a rational manner.  Emergency communication facilities between 
Haywards and the respective Electrical Supply Authority control centres will be 
vital and may need review. 

 
 Asset Planning 
 
 It is a statutory requirement that Electrical Supply Authorities have an operable 

Civil Defence plan.  The organisation which establishes and maintains this plan is 
required to review it periodically.  Earthquake preparedness requirements will be 
but one essential item to be considered.  Response planning should be 
considered as an extension to the normal organisational requirements for day-to-
day emergency preparedness. 

 
 Electrical Supply Authority design codes are governed by the Electrical Supply 

Regulations 1984, Section 71, which refers to requirements promulgated in the 
New Zealand Gazette in 1980.  It is suggested that a review of these 
requirements be made, particularly in relation to earthquake. 

 
 General design criteria should be considered and reviewed for possible 

improvements in the light of more recent knowledge and experience. 
 
 Engineering Measures 
 
 Typical mitigation action which should be applied generally in the immediate 

future includes the following: 
 

• Bracing of cabinets and switchgear in substations should be provided. 
 
• Cable duct covers through which cables pass should be enlarged where 

necessary to give greater clearance to cables so as to prevent damage 
from duct cover movement. 

 
• All substation panel door fixings should be reviewed so that the panel 

door fixing is adequate.  Doors should be secured at all times. 
 
• All 33kV/11kV transformer tie downs should be reviewed and 

strengthened where necessary to give adequate security. 
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• Control centres should be reviewed to consider various aspects relating 
to their vulnerability in the time of a major earthquake event, i.e. general 
issues such as: 

 - Building accommodation suitability or vulnerability. 
 - The suitability of suspended ceiling tile fixing and horizontal bracing. 
 - Light fitting support to the roof structure. 
 - Bracing of essential equipment such as cabinets and UPS batteries, 

 etc. 
 

 Mitigation measures identified for specific sites, where the impact of damage 
caused by the possible earthquake event may be severe, are: 

 
• Central Park Substation: Review and assess possible ground structural 

limitations, and upgrade where necessary. 
 
• Molesworth Street Bridge: Assess possible measures in future to lessen 

the likelihood of damage to the 33kV system from fault movement and 
from the possible collapse of the bridge. Identify likely measures for 
restoration of these circuits.  

 
• Take account of seismic risk when planning for future supply routes. 
 
• Seaview Substation: Pursue the development of a more detailed 

assessment of the likely damage from liquefaction in the area. 
 
• Melling Substation: Consider alternatives for possible substation 

relocation and rebuilding, or consider in more detail likely methods of 
strengthening the existing site structures. 

 
• Haywards - Trentham 33kV Overhead Lines: Review possible 

alternatives and the early implementation of an underground cable 
replacement using seismically designed cable structures.  

 
• For new developments and extensions, take seismic risk into account. 

 
 Planning to Manage the Impact 
 
 Deliberations will centre on matters such as: 
 

• Stocks of essential distribution equipment spares, high voltage cable and 
jointing kits and similar, e.g. having sufficient lengths of the correct cable 
type in store   

 
• Human resources trained to effect the repairs 
 
• Contingency plans to manage system disruptions 
 
• Assess alternative supply routes for re-routing options, especially for 

future extensions to the system 
 
• Planning for alternative communications usage and emergency facilities 

where necessary 
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 Response or preparedness planning should be considered, particularly in the 
manner of co-ordination between the Haywards Control Centre and the Electrical 
Supply Authorities, so as to be able to manage the restoration of electricity 
supplies in a rational manner. 

 
 Planning should be undertaken for alternative or emergency control centres with 

back-up communications and sufficient distribution system information (via hard 
copy data etc.) to enable restoration of supply, should the main control centres be 
inoperative. 
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B6 Telecommunications 
 
 
B6.1 Telecommunications System Description 
 
B6.1.1  General 
 
 Public telecommunication services in the Wellington metropolitan area are 

provided by facilities operated by Telecom Wellington Limited and other 
subsidiaries of Telecom Corporation of New Zealand Limited. 

  
B6.1.2  Telephone Network 
 
 Telephone service is provided by a network of telephone exchanges at 27 sites in 

the Wellington area. Refer to Figure B6.1. 
 

i) Telephone Exchange Types 
 

 The following types of exchanges make up the network in a broad form of 
hierarchy: 
 
• Remote Line Units (RLU) 
• Local Exchanges (LX) 
• Tandem Exchanges (TX) 
• Toll Exchanges (SX) 
  
These exchanges (or switches) are grouped into four geographical areas, each 
served by a major tandem exchange.  The tandem exchanges are located at: 
 
• Wellington Central 
• Courtenay Place 
• Lower Hutt 
• Porirua 
 
ii) Remote Line Units 
 
A remote line unit (RLU) is dependent upon another switch (its host) to provide 
service.  The host switch operates in the network as a tandem exchange (see 
below). 
 
All calls are switches via the host exchange, even when calling and called parties 
are connected to the same RLU. 
 
iii) Local Exchanges 
 
By contrast, a local exchange can operate as a stand alone unit. 
 
When both the calling and the called parties are connected to the same local 
exchange, a call can be established without assistance from another exchange.  
Calls between parties connected to different local exchanges are generally 
connected via a major tandem exchange. 
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Figure B6.1 
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To provide against failure of either its own tandem exchange, or the route to that 
tandem, each local exchange is provided with a security route to an alternative 
tandem, which normally operates on a High Usage (first choice) basis. 
 
iv) Tandem Exchanges 
 
Each tandem exchange has routes to each of its dependent local exchanges and 
routes to every other tandem exchange, thereby providing routeing facilities for 
traffic between exchanges. 
 
As well as a tandem function, each tandem exchange provides local switching.  It 
is the major tandem exchanges that service the central business district in each 
area, with Courtenay Place and Wellington Central sharing the Wellington City 
central business district. 
 
v) Exchanges in the Greater Wellington Area 
 
Details of exchanges in the Wellington Area are given in Table B6.1. 
 
vi) Junction Routes 
 
Except for circuits between Toll Exchanges, circuits provided between exchanges 
at different sites are referred to as "junctions".  The majority of the junction routes 
in the Wellington area are provided using Fibre Optic Transmission System 
(FOTS).  The fibre optic cables are drawn into PVC ducts and terminal equipment 
is located at each exchange to derive the junctions required. 
 
vii) Toll Exchanges 
 
The tandem exchanges at Wellington Central and Courtenay Place are also 
interfaced with the toll network, providing access to the rest of New Zealand and 
overseas (via the International Exchange in Auckland).  Thus these exchanges 
are also referred to as "toll exchanges".  Each toll exchange provides diversity 
against the failure of the other. 
 
viii) Trunk Routes 
 
Circuits between Wellington's toll exchanges and toll exchanges elsewhere in 
New Zealand are referred to as "trunks".  Major trunk routes from Wellington, 
which use either microwave radio or fibre optic systems, are as follows: 
 
North Island:  Digital Microwave Radio, and Fibre Optic Transmission systems 
South Island:  Digital Microwave Radio, and Analogue Microwave Radio 

systems 
 
ix) Network Management 
 
Two Network Management Centres are staffed 24 hours per day to monitor the 
state of the network and are able to implement traffic control measures within 
minutes of problems being detected.  These are: 
 
National (Hamilton) :  Trunk network 
Regional (Courtenay Place) : Wellington exchanges and junction network 
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Table B6.1: Exchanges in the Greater Wellington Area 
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x) Network Diversity 

 
The network is structured to provide alternative routeing of traffic should failure of 
exchanges, trunk or junction routes occur.  Excepting customers connected to a 
particular exchange, any such failure would result in impaired service, not total 
loss. 

 
B6.1.3  Mobile Radio Network 
 

The mobile radio network (both VHF and UHF) provides facilities for 
communication between fixed sites and portable radio equipment, which can be 
either mounted in vehicles or hand-held.  It does not normally provide access to 
or from the public telephone network. 
 
i) Fixed Radio Sites 
 
VHF Radio repeater equipment, comprising both transmitters and repeaters, is 
provided for the Mobile Radio service at the following elevated sites: 
 
Mt Albert  MBW 
Wrights Hill  WSH 
Normandale NDL 
Mt Climie   MCL 
Colonial Knob CLK 
Pukerua Bay  PUB 
 
Each transmitter and receiver unit work as a set, on separate transmit and receive 
frequencies called a "Channel".  The particular channel transmitter is only active 
when switched on by the user's base station.  The base station is linked to the 
radio site by either land-lines or radio.   
 
In the case of the land-lines, Remote Control Units (RCU) at the base station 
control the transmitter via dedicated relay equipment located at the telephone 
exchange site associated with that transmitter. 
 
Alternatively, when the link between the base station and the radio site is provided 
by radio, Trigger Base Units (i.e. radio transceiver sets) are used to control the 
transmitter. 
 
ii) Mobile Radio Privacy  
 
Mobile radio operates by broadcasting calls and recipients need to identify their 
own calls.  Although this results in a lack of privacy, this method of operation can 
have its own advantages - e.g. when making enquiries as to availability or location 
of mobiles. 
 
iii) System Channel Sharing 
 
Although some mobile radio services use dedicated channels, many users share 
channels and perhaps transmitter/receiver equipment.  Thus a number of remote 
control units may be controlling a particular transmitter, which is a further cause of 
lack of privacy for messages between common users. 
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iv) Fixed Radio Equipment Failure 
 
Owing to the nature of the operation of mobile radio, all radio communication 
normally passes through the fixed radio site repeater unit.  This has the 
disadvantage that the failure of the repeater associated with a particular channel, 
usually means that channel is no longer able to be used to communicate between 
any other radio transceiver on that channel.  However by using specially equipped 
mobiles, it may be possible for these mobiles to communicate to other similarly 
equipped mobiles, but limits to range will be imposed by the transmitter power 
available and the terrain. 
 

B6.1.4 Cellular Radio Network 
 

 The cellular radio network provides facilities for communication between the public 
telephone network and portable telephones, or between portable telephones.  
Selection of the desired distant party is by dialling. 
 
i) Method of Operation 
 
Portable telephones using cellular radio can be either mounted in vehicles or 
hand-held. 
 
It operates on the basis of radio terminals being allocated a specific area of 
coverage known as a "cell".  As a cellular telephone moves from one cell to 
another the second cell's radio terminal automatically takes over the provision of 
service without the user being aware of the change.  This operation is controlled 
by a centralised cellular radio switch, which also dynamically assigns one of a 
limited number of radio frequency channels associated with each cell, to the user 
at that particular time. 
 
As the cellular radio service is connected to the public telephone network, access 
to any desired destination is signalled to switching equipment which provides 
access to and from the rest of the public telephone network. 
 
Alternatively, calls for the public telephone network are connected through to the 
desired cellular telephone by the cellular radio switch. 
 
ii) Cellular Switching Units 
 
There are three cellular switching units in New Zealand: Auckland, Wellington and 
Christchurch.  The Wellington cellular switch is linked to the Auckland and 
Christchurch cellular switches via trunk circuits, and to the public network via the 
toll/tandem exchanges at Wellington Central and Courtenay Place. 
 
iii) Cellular Radio Sites in the Wellington Area 
   
Radio equipment, comprising both transmitters and receivers, are provided for the 
cellular radio service at some eight sites, spread throughout the greater 
Wellington area.  As cellular telephone traffic grows, additional cellular radio sites 
will be provided, with the area covered by existing sites reduced accordingly. 
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iv) Links between Cellular Radio Sites and the Switching Unit 
 
The cell site on the Wellington Central exchange building is linked to the cellular 
switch via internal building cabling;  the site at Wellington Radio (Tinakori Hill) is 
connected to the cellular switch via a radio link.  All other sites are connected to 
the cellular switch via fibre optic transmission systems. 
 
 

B6.2  Telecommunications System Vulnerability 
 
 Vulnerability of the telecommunications network was assessed in accordance with 

the methodology used for other lifelines.  The following points emerged from the 
review: 
 

• All telecommunications equipment relies absolutely on the power supply.  
Standby power generation equipment (to provide an "essential supply") is 
provided at most locations.  The adequacy of fuel reserves at individual 
sites needs to be reviewed, giving consideration to the possibility of a 
prolonged power outage and likely difficulties in obtaining access to the 
sites for refuelling.  This underlines the interdependence of lifelines and 
the need for mutual understanding of both resilience and expectations. 

  
• Switching equipment relies on air conditioning equipment to ensure the 

temperature does not exceed certain levels.  While air conditioning 
equipment is not operating, temperatures need to be monitored to ensure 
they do not rise to a dangerous level.  Air conditioning equipment is 
reliant upon power and, in some cases, a water supply (replenishment 
only). 

 
• The telecommunications network makes good use of diversity by means 

of alternative physical routes and alternative media.  However, there are 
still some parts of the network where improvements can be made. 

  
• All exchanges in the Wellington area will be Stored Program Control by 

the end of 1991.  This has resulted in some centralisation of switching 
operations with Remote Line Units being dependent upon their host for 
switching of calls. 

 
• Local reticulation (exchange to customer) is mainly by underground 

cables using copper conductors.  By its widespread nature, this 
reticulation is susceptible to damage, with certain types of cables, now 
obsolescent, more likely to give problems.  Any cables affected by 
significant ground movement, such as crossing a fault, are likely to be 
severely damaged. 

 
• Cabling between exchanges (junctions and trunks) is by fibre optic cables 

installed in ducts.  These are vulnerable in areas subject to significant 
ground movement, e.g. crossing a fault, in areas subject to liquefaction, 
or where a landslide carries both ducts and cables with it.   

 
• Where ducts and cables enter buildings in areas subject to liquefaction, 

damage may occur due to differential movement between the 
surrounding ground and the building. 
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• Aerial systems for microwave radio could become misaligned even with 

the supporting structures intact.  However, modern systems are 
reasonably tolerant of movement. 

 
• Unbraced equipment, eg, trolley mounted test equipment, could cause 

significant damage in an equipment room.  In a few cases, equipment is 
mounted on false floors which may not be adequately braced.   

 
• Exchange buildings have varying degrees of earthquake resistance, 

mainly depending upon their age and the attention given to earthquake 
aspects during their design.  There is a need to bring older buildings up to 
an acceptable standard.   

 
• Spare parts may not be adequate or sufficiently accessible to ensure 

rapid restoration of services.   
 
 
B6.3 Telecommunications System - Mitigation Measures 
  
 The mitigation measures identified follow the aspects addressed under 

vulnerability.  Telecom Wellington Ltd has a number of measures designed 
specifically to reduce vulnerability to an earthquake. 

  
 Telecom aims to meet three broad objectives: 

• minimise the risk (through Risk Management) 
• minimise the impact (through Planing and Design) 
• minimise the time taken to return to normality (through Response 

Planning) 
 
 Telecom has initiated plans to achieve "Mitigation by Management" which could 

well serve as a model for other lifeline organisations.  At the Project Workshop 
this was outlined as follows: 

 
 Order of Priorities: 

• Prompt response to Civil Defence requirements 
• Maintain and restore essential telecommunication network infrastructures 
• Large-scale restoration and resumption of normal business operations 

 
 Early Priorities: 

• Establish emergency response management structure 
• Review facilities at dedicated emergency response centre and establish 

two additional centres 
• Review internal emergency communications 
• Review Civil Defence emergency liaison objectives and procedures 
• Review emergency response resource planning 

 
 Longer-Term Priorities: 

• Training 
 - Emergency response management 
 - Core response staff 
 - Other staff 
• Computer systems availability 



   

 95 

• Staff-Family pre-planning/welfare 
• Joint response and pre-planning with Civil Defence, utilities etc. 

 
 Already four exchange buildings have undergone major seismic strengthening 

and plans exist to strengthen others on the basis of importance to the network.  
The 1989 Loma Prieta earthquake and this study have helped to reinforce the 
need for such action. 

  
 Measures identified to address the vulnerability of the network include: 
  

• Regular operational checks are carried out on all standby power plants, 
including running on full load for a minimum of five hours.  Remote sites 
currently carry a minimum of 7 days fuel reserve, with between 4 and 30 
days reserve at almost all exchanges.  Where reserves of less than four 
days are held, further investigation will be required.  A review of the 
resilience of the power plant itself is to be carried out at all sites. 

 
• A review of the robustness of air conditioning systems is required, 

particularly where a prolonged outage might require shutting down the 
equipment concerned.  Most major air conditioning plants are fed from 
the essential supply;  others are subject to further review. 

 
• An alternative fibre optic route is being provided from Miramar Peninsular 

to Eastbourne and then to Lower Hutt (eventually extended through to 
Porirua) to further reduce dependence upon routes adjacent to, or 
crossing, the Wellington Fault.  This will be completed during 1991. 

 
• The use of Stored Program Control switching equipment has provided the 

ability to distribute certain functions (e.g. toll switching) thereby reducing 
the impact of individual switch failure.  More flexible arrangements for 
traffic routes are also possible, providing additional resilience in the 
network. 

 
• Progressively replace the highest risk reticulation cable.  Generally, 

reductions in the vulnerability of local reticulation are not cost effective 
and thus, progress can be expected to be slow. 

 
• Some slack in the fibre optic cables is left in manholes along the route.  

Small ground movements or minor damage to the duct line will be unlikely 
to damage the cable.  Major movements, including for example, collapse 
of bridge spans, will still sever these cables. 

 
• Further study needs to be carried out, including investigation of overseas 

practices, to determine methods that can be employed to minimise 
liquefaction damage at building interfaces. 

 
• Where misalignment of aerials occurs, corrections can be made relatively 

quickly and, bearing the tolerances in mind, this aspect is not seen as 
critical. 

 
• Where false floors are provided in equipment rooms, their adequacy is 

being checked as part of the overall building review.  Inspections (on-
going), as part of a risk management programme, are being carried out to 
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eliminate the possibility of damage occurring due to unsecured 
equipment. 

 
• A seismic evaluation (and consequent strengthening programme) has 

resulted in all buildings containing tandem switching equipment being 
improved to a minimum seismic standard.  Only three exchange buildings 
in the Wellington area do not currently meet this standard, but, in no case 
are they key nodes in the network. 

 
• A review of the supply and storage of spares is to be carried out. 
 

 In addition to the measures listed above, a system of Emergency Preparedness is 
being established to cope with recovery from a widespread disruption to the 
network.  This is not only the provision of technical facilities, but includes staff 
education and training. 

   
 The following broad description indicates the present level of awareness and 

preparedness: 
  
 Two Network Management Centres monitor the state of the network on a 24hr 

day, 7 day week basis.  The National Management Centre (located in Hamilton) is 
primarily responsible for the trunk networks, the Regional Network Management 
Centre (based in Wellington) being responsible for the Telecom Wellington 
network (with similar centres run by the other Regional Operating Companies 
monitoring their own networks).  Staff at these centres are the first to "see" the 
impact of a disaster, and are in a position to control the networks. 

  
 Pre-disaster plans exist for the efficient restoration of services, including diversion 

of traffic via alternative routes to provide relief.  However, it may still be necessary 
to restrict callers from attempting to use the network, particularly when the 
probability of the call reaching its destination is small.  Under such circumstances, 
traffic restriction measures can be initiated by the Management Centres if 
required. 

  
 In the case of a major disaster which is beyond the resources of the Management 

Centre, and to coordinate with other organisations responsible for disaster 
recovery (such as Civil Defence), an Emergency Operations Centre would be 
activated.  The Manager of the Emergency Operations Centre is able to call on 
expertise from a wide range of technical and management personnel from within 
the organisation, and also from other associated Telecom subsidiaries should this 
be required. 

 
 Once activated, the Emergency Operations Centre will be responsible for: 
 

• surveillance of the effects of the emergency 
• establishing restoration priorities 
• establishing and allocating resources to groups delegated with specific 

recovery activities 
• coordinating assistance from other Telecom subsidiaries and external 

organisations  
• responding to Civil Defence requirements 
  

 Although the concept of Emergency Preparedness is not new to Telecom, there 
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are a number of factors that have been determined from recent overseas 
experience.  The most important of these is the need to regularly exercise to: 

  
• familiarise staff with their functions during the recovery phases 
• ensure important details are not overlooked 
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B7. Broadcasting 
 
 
B7.1 Broadcasting System Description 
 
B7.1.1  General 
 
 Broadcast radio facilities in the Wellington region are provided by state and 

private organisations, with local stations or nationwide networks originating from 
studios in Wellington City.  Radio transmitter sites are located about the 
Wellington metropolitan area as dictated by technical considerations.  Refer to 
Figure B7.1. 

 
 Television facilities are also concentrated in the Wellington area, with local and 

national studio facilities provided.  Transmitter sites are distributed about the area 
(some common to radio), with microwave network links to other parts of the 
country sharing some common facilities. 

 
B7.1.2  Broadcast Radio 
 
 Two types of radio transmission are employed for broadcast radio, being: 
 

• Amplitude Modulation (AM) system in the 550 kHz-1600 kHz band, the 
older system normally only providing monophonic programme 
transmission. 

 
• Frequency Modulation (FM) system in the 88 MHz-100 MHz band, the 

most recent system providing stereophonic programme transmission. 
 

i) Radio New Zealand  
 
 Radio New Zealand operates seven broadcast radio stations in the 

Wellington region, all with transmitters at locations remote from the studios.  
These are: 

 
 AM Stations: 
 
 2YA - 50kW transmitter at Titahi Bay, for the "National Programme" from 

studios in Bowen Street, Wellington (programme also fed to other 
transmitters throughout the country).  Programme is fed to the transmitter by 
Telecom Corporation circuits - metallic and optical, which follow a major 
fault line and cross other fault lines. 

 
 2YC - 50kW transmitter at Titahi Bay, for the "AM Network" programme.  

Programme feed is the same as for 2YA. 
 
 2ZB - 20kW transmitter at Titahi Bay, for the Wellington City main 

"Commercial" station, from a studio on the corner of Taranaki and Abel 
Smith Streets.  Programme is fed to the transmitter by Telecom Corporation 
circuit to Bowen Street, and from there as for 2YA.  This station is 
designated by Civil Defence as being the primary local region broadcast 
information station. 
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Figure B7.1 
 



   

 100 

 
 2YB - 10kW transmitter at Titahi Bay, for "Maori Radio", "Access Radio" and 

"Parliament Chamber" broadcasts at various times, from a studio at Bowen 
Street.  Programme feed is the same as for 2YA. 

 
 Mt Victoria - 1 kW transmitter on this site for "Maori Radio" when 2YB is not 

available, from the studio at Bowen Street.  Programme feed is by Telecom 
Corporation lines. 

 
 FM Stations: 
 
 Concert Programme - 50kW transmitter at Mt Kau Kau, from a studio in 

Bowen Street.  Programme feed is by radio link from Bowen Street to 
Avalon TV Studios, to Makara High, then to Mt Kau Kau (also fed to other 
transmitters in the country). 

 
 2ZM - 50kW transmitter at Mt Kau Kau, from a studio on the corner of 

Victoria and Vivian Streets, providing a "Commercial" programme.  
Programme is fed by Telecom Corporation line to Bowen Street, internal 
circuits to Bowen State Building, and then by radio to Mt Kau Kau, as for 
Concert Programme. 

 
 Repeaters for the above two stations, transmitting at 0.06kW, are located on 

Towai serving otherwise marginal areas in the Hutt Valley. 
 
ii) Private Radio Stations 
 
 AM Stations: 
 
 Radio Windy - 15kW transmitter at Horokiwi, from a studio in Manners 

Street.  Programme feed is by Telecom Corporation circuits. 
 
 Radio Rhema - 5kW transmitter at Horokiwi, programme feed is by 

Telecom Corporation circuits from Christchurch. 
 
 FM Stations: 
 
 Greater Wellington FM - 0.8kW transmitter at Mt Kau Kau, from studio in 

Cambridge Terrace.  Programme feed is by UHF radio link. 
 
 99FM - 0.8kW transmitter at Mt Kau Kau, from studio in Kent Terrace.  

Programme feed is by UHF radio link. 
 
 Radio Windy - 1.2kW transmitter at Mr Kau Kau, from studio in Manners 

Street.  Programme feed is by UHF radio link, with the same programme as 
for the AM Radio Windy.   

 
 Radio Active - Student station at Victoria University, transmitting from 

Tinakori Hill on 89.0 MHz.    
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iii) Broadcast Radio Backup Facilities 
 
 Radio New Zealand: 
 
 Power Supplies - All studios and transmitters are equipped with stand-by 

generators.  
 
 Programme Links - 2YA and 2ZB both have a backup programme link from 

the Bowen Street studios, by radio link to Mt Climie (Upper Hutt area) then 
to Titahi Bay.  2YC, 2YB, 2ZM and the "Concert Programme" have no 
backup programme links. 

 
 Transmitters - The location structures and equipment are all solidly 

constructed with good foundations, and are considered to be capable of 
withstanding moderate earthquakes without interruption to service.  The 
Titahi Bay generating plant has an "outrigger bearing" which could be 
vulnerable in a large earthquake. 

 
 Aerials - At Titahi Bay, three guyed masts are used, each capable of 

normally transmitting two programmes, or two alternative programmes in an 
emergency.  A failure of the main aerial would be overcome by 2YA/2YC 
being transferred to the second mast and 2ZB/2YB to the third mast; in this 
manner failure or either of the main aerials in normal use is covered.  At Kau 
Kau, there are no alternatives in the event of a total mast or Radio 
Frequency (RF) feeder collapse.  Each aerial is constructed as two identical 
units so that if one fails, then the other will carry programmes at half power. 

 
 Private Radio Stations: 
 
 Radio Windy - AM programme feed backup is available by UHF radio link, 

and emergency generator facilities are located at the studio and the 
transmitter. 

 
 Radio Rhema - emergency generator facilities are located at the transmitter. 

 
B7.1.3  Television Broadcasting 
 
 The primary transmission facility in the Wellington region is located on Kau Kau, 

with major television production studios for the region located at Avalon in the Hutt 
Valley. 

 
i) Television Transmitters 
 
 Television and FM radio transmission and communications facilities are 

provided by Broadcast Communications Limited (BCL), a subsidiary of 
Television New Zealand. 

 
 The high power television transmitter facility, located on Kau Kau, has a 

122m high steel tower and a concrete transmitter equipment building.  
Standby power generation facilities are also provided. 

 
 Owing to technical considerations, to provide service to pockets of poor 

reception in Wellington area, some 60 low power repeater transmitters 
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(translators) are also located about the region.  These obtain their 
programme feed from the main signal transmitted from Kau Kau.  No stand-
by power facilities are normally provided. 

 
 Television communication facilities are provided by the major microwave 

station at Makara High.  Backup power supply facilities are provided at this 
site. 

 
 ii) Television Networks 
 
 There are presently three national television networks broadcasting in the 

region, being: 
 

• Television ONE from Television New Zealand 
• TV2 from Television New Zealand 
• TV3 from Television 3 Network Limited 

 
 The transmitted power of the Kau Kau facility for the above three networks 

are "ONE" 100kW, "TV2" 300kW and "TV3" 150kW. 
 
 Programme feeds for all three networks normally originate from Auckland .  

The national network Transmission Control Centre is located at Avalon 
supervising all national network communications.  A national news 
production facility is located in Petrocorp House, Wellington. 

 
 Programme links to Kau Kau from Auckland are via the Makara High 

microwave linking station, as are links to Avalon, to Petrocorp House and to 
the South Island. 

 
 
B7.2 Broadcasting System Vulnerability 
 
B7.2.1  Broadcast Radio 
 
 i) Moderate Regional Event 
 

 It is expected that with an event of this type and magnitude the only damage 
sustained by radio stations would be: 

 
• The interruption of power supplies to studio and/or transmitter 
• The interruption of land lines/links between studio and transmitter 

 
 All RNZ stations (AM and FM) and Radio Windy would be unaffected by the 

loss of power supplies as all studios and transmitters are equipped with 
stand-by generators.  

 
 Private stations Radio Rhema, Greater Wellington FM and 99FM have 

emergency generator facilities located at their transmitters only. 
 
 All RNZ and private FM stations are linked between studio and transmitter 

by UHF radio, making this facility important. 
 
 AM stations 2ZB and 2YA both have a backup programme link (via radio to 
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Mt Climie) in addition to their normal Telecom Corporation supplied link.  
2YC, 2YB, 2ZM, Radio Windy (AM) and Radio Rhema have no backup links 
and would therefore probably be decommissioned by the failure of their 
Telecom Corporation supplied programme links. 

 
 It is expected that any interruption to power supplies and/or studio 

transmitter land lines would be restored within several hours and, at the 
most, several days. 

 
ii) Wellington Fault Event  
 
 With an event of this type it is expected that Broadcasting Radio will suffer 

the following damage: 
 

• Structural damage to studios 
• Damage to studio equipment 
• Loss of power supplies to both studios and transmitters 
• Interruption of land lines and links between studios and transmitters 
• Damage to transmitting equipment including aerials 

 
 As private AM and FM stations do not have the same backup facilities as 

RNZ, it is expected that they will not be functional until some time after the 
event.  Their renewed operation is dependent upon the normalisation of 
power supplies and Telecom Corporation circuits which provide studio to 
transmitter programme links. 

 
 Similarly, RNZ FM stations would not be expected to be restored to 

operation immediately.  Because of the greater coverage afforded by AM 
radio, engineering resources would be concentrated on the restoration of 
AM stations, and in particular 2ZB (being the designated Civil Defence 
information radio station) and 2YA. 

 
 All RNZ stations share a common programme link distribution point at 

Broadcasting House, Bowen Street.  As this building is situated close to the 
Wellington Fault line, all RNZ station programmes are considered as being 
vulnerable to fault displacement damage, and much depends on the 
performance of this structure and its foundations. 

 
 The Telecom Corporation circuits used for programme links are likely to fail 

in a major earthquake, so it is probable that only 2YA would be immediately 
operational using the backup programme links.  2ZB could be made 
operational in due course from a Broadcasting House studio. 

 
 Despite the expected damage, it is considered that AM radio broadcasts 

would be resumed within hours of the event.  This would be achieved 
through the utilisation of the comprehensive backup facilities of RNZ.  
Damage at Broadcasting House and originating studios can be by-passed 
through the use of a radio car which can access any transmitter at Titahi 
Bay, via a repeater at Kau Kau. 

 
 At Titahi Bay, the three masts are each capable of transmitting two 

programmes.  A failure of the main aerial would be overcome by 2YA/2YC 
being transferred to the second mast and 2ZB/2YB being transferred to the 
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third mast;  in this manner failure of either of the main aerials is covered. 
 
 A full and normalised resumption of broadcasts by all radio stations, both 

AM and FM, in the Wellington area is expected to take several months. 
 

B7.2.2  Television Network 
 

i)  Moderate Regional Event 
 
 An event of this type is expected to cause little disruption to television 

broadcasting as the main programme transmitter facilities are expected to 
remain operational.  Damage probably would be restricted to the failure of a 
limited number of low power translators due to pole and/or equipment failure 
and the loss of power supplies. 

 
 The repair or replacement of these translators and the subsequent return to 

normalised broadcasting is expected to take several weeks. 
 
ii)  Wellington Fault Event 
 
 Under this scenario the following damage can be expected to occur: 

 
• Loss of power supplies and structural damage to the transmitter facility at 

Kau Kau, the transmission control centre at Avalon and the Makara High 
microwave station. 

 
• Failure of a large number of local translators. 

 
 The loss of power supplies to the three facilities mentioned above is not 

particularly serious as each has stand-by generation plant installed.  
However, depending upon the extent of structural damage particularly to the 
steel transmitter tower at Kau Kau and the Makara High microwave station, 
resumption of television transmission to the Wellington region could take 
several weeks. 

 
 As with the Moderate Regional Event, a full return to normalised television 

broadcasting will require the reinstatement of all local translators.  This task 
is expected to take several months. 

 
 
B7.3 Broadcasting System  - Mitigation Measures 
 
 The vulnerability charts show a consistently high impact, particularly in the periods 

during and immediately following the earthquake.  This points to the need for a 
critical examination of the robustness of the network, particularly the broadcast 
services vital to recovery. 

 
 Specific mitigation measures identified during the course of the project include: 
 

• A review of the overall robustness of the network and establishment of a 
plan to manage with a reduced system, i.e. a disaster response plan, is 
required. 
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• A detailed review of equipment, studios, buildings and transmission 
towers should be undertaken to identify specific weak links, followed by 
assessment of the cost-benefit of resulting mitigation measures. 

 
• Review design standards for new and existing facilities. 
 
• A structural and non-structural review of Radio New Zealand House in its 

role as a common distribution link should be carried out. 
 
• Review the overall network to reduce dependence on Radio New 

Zealand House.  Plan to increase diversity. 
 
• Improve adequacy, reliability and robustness of standby generating 

facilities, particularly at Mt Kau Kau, Avalon and Makara microwave 
station.  In particular ensure fuel supplies are adequate until access is 
restored. 

 
• Initiate and continue staff training in dealing with effects of a major 

earthquake. 
 
• Implement plans to set up outside broadcasts from mobile studios. 
 
• Improve resources and capability to reduce the time needed to reinstate 

masts and transmitters. 
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B8 Transportation 
 
 
B8.1 Transportation System Descriptions 
 
 Figure B8.1 shows the location of major transport lifelines. 
 
B8.1.1  Roading System Description 
 
 Two major highways, State Highways 1 and 2, provide roading access into the 

region from the north and the north-east.  At the base of the Ngauranga Gorge 
these two roads meet in a "Y" formation with the base of the "Y" leading into 
Wellington City on the Wellington City motorway.  To the north of the city the arms 
of the "Y" are divided by a spine of hills separating the Porirua basin in the west 
from the Hutt Valley to the east.  

 
 State Highway 1 provides the principal access to and from the central North 

Island and enters the region from the northern west coast passing south through 
the communities of Porirua, Tawa and Johnsonville before dropping through the 
Ngauranga Gorge on to the city motorway into Wellington. 

 
 State Highway 2 provides access to and from the Wairarapa region 70km to the 

north-east across the Rimutaka Ranges.  Entering the Wellington region it passes 
through the cities of Upper Hutt and Lower Hutt, including Petone, before running 
along the inner harbour coast to meet the city motorway at Ngauranga. 

 
 From Ngauranga the motorway enters the city along overhead structures feeding 

to a subgrade freeway with offramp feeds into the city and finally entering the 
central city through the Terrace Tunnel. 

 
 To the north, the Porirua basin and the Hutt Valley are cross-connected between 

the two State Highways by State Highway 58 over the central hills. 
 

i) Regional Roads 
 
 State Highway 1 
 
 To the north of the study area SH1 provides a single route outlet up the west 

coast until a branch road at Levin provides some redundancy.  Between this 
point and the study area are two major river crossings at Otaki and 
Waikanae, several kilometres of highway between Paraparaumu and 
Paekakariki constructed on the Paekakariki swamp and a coastal section 
between Paekakariki and Pukerua Bay beneath high cliffs. 

 
 Entering the study area the highway crosses marine formations at the 

Paremata Bridge and south to Porirua.  From Tawa through to the 
Ngauranga Gorge the formation is on firm ground.  The highway then drops 
through the hard rock steep sided Ngauranga Gorge to the motorway 
structures described above. 

 
 The highway carries heavy flows of around 50,000 vpd at the motorway 

decaying away from the city but still maintaining around 15,000 vpd out of 
the region north of Paraparaumu. 
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Figure B8.1 
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 State Highway 2 
 
 North-west of the study area, SH2 crosses the Rimutaka Ranges from the 

Wairarapa by a steep winding route through fractured greywacke.  Entering 
the study area just north of Upper Hutt is a short section winding through 
steep hillsides. 

 
 At Upper Hutt the highway by-passes the city following the Hutt River to 

Silverstream with a river crossing at Moonshine Bridge.  South from 
Silverstream the highway follows the base of the hills past Lower Hutt and 
Petone and along the inner harbour to Ngauranga. 

 
 From Upper Hutt through to Ngauranga the highway essentially follows the 

Wellington Fault.  From Silverstream south it is bounded on the west side by 
steep hillsides.  Between Silverstream and Petone alternative routes are 
available through Lower Hutt. 

 
 From the Wellington City motorway SH2 carries 50,000 vpd to the Hutt 

Valley but this drops to only 3000 vpd north of Upper Hutt to the Wairarapa. 
 
 State Highway 58 
 
 SH58 crosses the Haywards Hill from SH2 just south of Silverstream to SH1 

at Paremata.  Parts are through steep hillsides.  Towards the western end 
alternative routes are available around the Pauatahanui inlet or north 
through the inland route of Paekakariki. 

 
 SH58 carries a moderate flow of 8,000 vpd. 
 
ii) District Networks 
 
 Wellington City 
 
 The district road system for the City of Wellington reflects its topography 

with very limited outlets to the north and many suburbs entered by steep 
winding roads or through tunnels. 

 
 The four outlets to the north are SH1 and SH2 from a common point at 

Ngauranga, a route through the hilly western suburbs to Johnsonville and a 
partly sealed route from the west of Karori through to Johnsonville. 

 
 The flat central area (much of it reclaimed or upthrust land) including the 

Central Business District, has a strong network on a basic grid pattern with 
a major eastside route around the harbour.  To the west the CBD is 
bounded by the below grade city motorway, with links to the western 
suburbs over flyover structures.  The city motorway runs close to the 
Wellington Fault. 

 
 To the south-east, the flat central area is bounded by the Mt Victoria hills 

and the major route to the eastern suburbs and the airport is through the 
Victoria tunnel. 
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 Lower Hutt 
 
 The primary distributor for Lower Hutt is SH2 up the western side of the city 

with feeds to the western hillside suburbs at appropriate points.  These are 
usually single steep winding access roads to discrete communities. 

 
 Distribution into the central valley is constrained by the Hutt River and the 

railway line to four points.  These are the Petone SH2 Overbridge, a minor 
takeoff to the central city at Korokoro and two major distributors with river 
crossings at Melling and Avalon.  Of the structures involved at each of these 
points only the Avalon Bridge is of recent construction. 

 
 The major southern distributor over the Petone Overbridge follows along the 

Petone foreshore (an uplifted marine sand formation) and crosses the Hutt 
River Estuary.  The route provides access to the Eastbourne suburbs and 
joins a major north/south distributor up the eastern side of the valley. 

 
 From this is taken the single route to Wainuiomata - a community of 18,000 

people.  The route winds over the steep Wainuiomata saddle and is the only 
access to this community located in a secondary valley surrounded by hills. 

 
 The north/south distributor to the east and Lower Hutt follows the valley to 

the Upper Hutt network through the Taita Gorge. 
 
 Upper Hutt 
 
 Upper Hutt has two main north/south routes in addition to the by-pass river 

road.  These are all well cross connected but come to a single northern 
outlet at Brown Owl.  Further north the Akatarawa Road provides a minor 
narrow winding route across to SH1 at Waikanae. 

 
 Porirua 
 
 The district network serving the city of Porirua includes two crossings of the 

North Island Main Trunk Line and the adjoining Porirua Stream with hilly 
roads serving the large residential areas to the east of the city.  These two 
crossings provide an east/west constraint in an otherwise well 
interconnected network. 

 
B8.1.2  Rail System Description 
 
 The railway system serving Wellington comprises two major lines and two minor 

lines.  The North Island Main Trunk Line enters Wellington down the west coast 
serving the major freight flows (including those to the inter-island ferries), the 
minor inter-city passenger flows and the busy commuter services which run as far 
north as Paraparaumu some 48km north of Wellington.  The second main line 
runs from Wellington north-east through the Hutt Valley into the adjoining 
Wairarapa subregion and from there links to the remainder of the system at 
Palmerston North.  The line now carries only very local freight but is heavily used 
by commuter traffic in the Hutt Valley.  Minor passenger flows from the Wairarapa 
to Wellington occur in the morning and evening peak periods. 

 
 The 10.5km long Johnsonville line is now exclusively a passenger service.  A 
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short spur from the Wairarapa line serves the Lower Hutt western suburbs.  The 
terminus to all the lines is the Wellington Station with its supporting railyard.  The 
latter covers some 45ha and provides all the significant stabling for locomotives 
and rolling stock as well as a wide range of supporting infrastructure. 

 
i) Regional Lines and Facilities 
 
 The North Island Main Trunk Line 
 
 The North Island Main Trunk Line runs as a double track facility for 31km.  

Leaving Wellington Station, it runs on a reclaimed shore platform parallel to 
the Wairarapa line before being raised on an embankment to cross it.  It 
then passes through two tunnels before emerging into a narrow valley at 
Glenside, 10km north of the terminus along sidling ground.  Passing through 
the communities of Tawa and Porirua the line runs parallel to the Ohariu 
Fault on an engineered embankment close to the Porirua Harbour to the 
144m long Paremata Bridge over the eastern arm of the harbour where the 
fault is crossed.  North of Paremata the line crosses swamp land continuing 
to the 35km point at the northern end of Pukerua Bay.  From here to 
Paekakariki, the line runs near the foot of a steep and unstable cliff with four 
brick and one concrete lined tunnel.  North of Paekakariki the line crosses 
swampy land to Paraparaumu.  North of Paraparaumu there are major river 
bridges over the Waikanae and Otaki Rivers. 

 
 
 The Wairarapa/Hutt Valley Line 
 
 The Wairarapa Line also leaves Wellington as a double track service.  It 

continues north-eastward at the foot of a steep fault scarp.  At Petone it is 
crossed by a concrete road overbridge.  Passing through the Hutt Valley the 
line crosses both the Wellington Fault and the Hutt River three times, the 
latter on major steel-plate girder bridges each over 200m in length.  It then 
passes through Upper Hutt to the 570m long Maoribank Tunnel and the 
8.8km Rimutaka Tunnel.  The latter is of modern concrete construction.  
Through the Wairarapa district, the line crosses five major river bridges. 

 
 Railyard & Station 
 
 The Wellington Station has a steel frame with brickwork partitions.  The 

45ha yard is on reclaimed ground with the Wellington Fault itself passing 
through the yard.  Railway facilities are heavily concentrated at this location 
including, stabling, fuel compound, signalling, etc.  

 
ii) District Lines 
 
 The 10.5km Johnsonville Line is a single track with passing bays.  It serves, 

almost exclusively, commuter traffic from eight stations.  The route features 
seven tunnels of limited clearance dating from 1885, and a passage through 
the steep Ngaio Gorge on sidlings.  

 
 The 3km Melling Line is a branch from the Wairarapa Line serving a limited 

peak demand.  It runs close to the base of steep rugged hills but without any 
structures of consequence. 
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B8.1.3  Seaport Description 
 
 i) The Main Port 
 

 The Port of Wellington forms a major link in the movement of cargo through 
the country and to and from the adjacent region.  With a natural harbour 
capable of accommodating ships up to 10.2 metres draft (plus any tidal 
allowance), the port is a major national shipping node point.  It provides 
inter-island freight with regular services to two South Island ports and has 
direct links with overseas lines. 

 
 Facilities include a two-berth container terminal operating with three 

container cranes and a back-up area of 24.3 hectares.  Road and rail 
transfer is available within this area.  There are immediately adjacent, 
several berths for conventional cargoes at Aotea Quay and Glasgow Wharf, 
many with access available to wharf cranes and to wharf sheds within the 
port security area.  Much of this area is on reclamation. 

 
ii) The South Island Ferry 
 
 A roll-on passenger and freight ferry service operates to the South Island 

with up to six sailings daily.  Loading is via a bridge ramp capable of loading 
two decks simultaneously, trains and road vehicles on the lower deck and 
road vehicles only on the top deck.  The berth lies directly on the Wellington 
Fault. 

 
iii) Bulk Product Facilities 
 
 The major bulk liquid terminal is located at the Seaview Oil Terminal Wharf 

at Point Howard across the harbour from Wellington City.  It has an 
associated major storage tank farm adjacent.  Other facilities are at Aotea 
Quay in the inner port and at Burnham Wharf at Evans Bay. 

 
iv) Other Facilities 
 
 The inner city wharves outside of the commercial port area can 

accommodate passenger vessels up to 9.2 metres draft at berths close to 
the city centre.  Inner city berths also accommodate the fishing fleet and 
harbour ferry and tour craft.  There are several jetties and marinas available 
for safe berthing of smaller recreational craft within the harbour. 

 
B8.1.4  Airport Description 
 
 Wellington International Airport lies toward the eastern side of the Miramar 

Peninsula on land formed after uplift from previous earthquakes. 
 
 The Airport is the hub of the New Zealand system serving both domestic traffic 

and international flights to Australia. 
 
 The runway length is 1935 metres by 45 metres wide with an asphaltic concrete 

surface.  The apron and taxiways are also asphaltic concrete surfaced.  The 
landing distance available as notified to aviators is 1813 metres for regular 
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operators and 1722 for others.  The runway is marked as a length of 1800 metres. 
 
 The main taxiway may be usable as a runway for small aircraft in an emergency.  

The runway has an instrument landing system but because of physical 
obstructions on the western side, it is not classified as a precision approach 
runway. 

 
 There are aprons on both sides of the main runway.  The western apron is used 

for lighter planes, executive planes and Air Force transport flights.  The eastern 
apron adjacent to the passenger terminals is used by commercial aircraft which 
presently include B767, B737, BAe 146, F27, HS748 and a variety of smaller 
types. 

 
 South of the main terminal is a cargo area mainly used by DC3 and Convair 580 

aircraft. 
 
 Descent guidance is given by visual approach slope indicator system.  Edge and 

centre line, and taxiways are designated by high intensity lights.  The radio 
navigation aids at the airport include an instrument landing system, a very high 
frequency omni-directional range, a non-directional beacon and a radar 
surveillance system based at Hawkins Hill.  Standby power to these functions is 
supplied by a power house on the western side of the runway.  

 
 There are various cargo sheds on the eastern and western aprons, and in 

emergencies the aircraft hangars could be used for cargo storage. 
 
 The Crash Fire Service (Austral Armourguard) has three major appliances and 

other four wheel drive vehicles which could be used for other purposes if the 
runway was unserviceable.   

 
 Fuel hydrants are located on both aprons.  Standby electric power is provided to 

the control tower, Wexford Road Operations Centre, International Terminal and 
Domestic Terminal.  These may not be enough to maintain full services in an 
emergency and may be disabled by a severe earthquake.   

 
 The capacity of the single runway is about 42 aircraft movements per hour with all 

systems operating.  In an emergency, this would be reduced with greater 
separation between movements necessary because of no tower control and 
disrupted runways and taxiways, and towing aircraft clear of the runway.   

 
 
B8.2 Transportation System Vulnerability 
 
 In assessing the vulnerability of the transport system, reference is made to the 

three post-earthquake periods : immediately after (days), the period following 
(weeks) and in the return to normality (months).  Reference is principally made to 
the first of these periods when the damage has just occurred.  The vulnerability is 
related to the major earthquake scenario being considered, i.e., the Ms 7.5 level 
movement of the Wellington Fault. 
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B8.2.1  Immediately Following the Wellington Fault Event 
 

 
i) The Regional Road Network 
 
 The regional road network comprises: 

 
• Wellington City to State Highway 1/State Highway 2 (Ngauranga 

Interchange) 
• Ngauranga to Porirua 
• Porirua to Paremata 
• Paremata to Paekakariki to north 
• Ngauranga to Petone 
• Petone to Upper Hutt to north 
• Haywards to Paremata via State Highway 58 

 
 By-pass routes are available at: 

 
• Johnsonville/Tawa (Middleton Road) 
• Porirua to Paremata via Cannons Creek 
• Paekakariki Hill Road 

 
 If the Wellington Fault should move owing to an earthquake measuring 7.5 

on the Richter scale, it would be expected that a high proportion of the 
regional road network would become unserviceable whether the peak 
accelerations were 0.9 or 0.7g. 

 
 Immediately after the earthquake the following damage could be expected: 
   

• On the common section of State Highway 1 and State Highway 2 to the 
north of the Wellington central business district, there would be a very 
high chance of closure from a variety of effects.  This would also affect 
some sections of the immediately parallel, Old Hutt Road. 

 
• State Highway 1 north from State Highway 2 to Johnsonville would stand 

a very high prospect of at least partial closure owing to landslides in the 
Ngauranga Gorge.  Whilst the Johnsonville by-pass might be closed, 
alternative routes are likely to be available. 

 
• The next section of State Highway 1 which is highly likely to be 

impassable is from Porirua (the Ramp Bridge) north to the Paremata 
Bridge which would itself be expected to be closed due to damage.  Slips 
are likely at Goat Point between Paremata and Plimmerton.  Between 
Pukerua Bay and Paekakariki the road would be expected to be closed 
because of landslide.  North of Paekakariki there would be a moderate 
chance of closure in the swampy areas. 

 
• State Highway 2 would be expected to be closed by a number of causes 

such as possible landslides, settlement and bridge failure between State 
Highway 1 and Petone.  Between Petone and Upper Hutt, closure could 
be expected in several places owing to landslides and submergence and 
also the collapse of the Normandale Overbridge.  The Moonshine Bridge 
over the Hutt River on the Upper Hutt by-pass would be expected to be 
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closed.  North of the bridge to the Rimutaka Summit, short landslips 
would be anticipated. 

 
• State Highway 58 between State Highway 1 at Paremata and State 

Highway 2 in the Hutt Valley could expect closure at three short 
landslides, with a moderate chance of damage to the structures. 

 
• Of the sections of district road which act as potential by-passes to 

various parts of the State Highways, Middleton Road between 
Johnsonville and Tawa would have a high chance of closure, as would 
Paekakariki Hill Road between State Highway 58 and State Highway 1 at 
Paekakariki and the by-pass between Porirua and Paremata via 
Cannons Creek.  Fergusson Drive through Upper Hutt could be expected 
to be closed as would all the Hutt River bridges in Lower Hutt and 
Petone, effectively ruling out any alternative routes through the Hutt 
Valley. 

 
 In summary there would not be expected to be any route open from 

Wellington to the rest of the North Island. 
 
ii) The District Road Network 
 
 On the district road network in Wellington, the important Churchill Drive to 

Johnsonville route would have a moderate chance of damage at two 
bridges, though one is by-passable on the local road network.  There is also 
a danger of closure owing to flooding from the collapse of the Karori dams.  
This is particularly significant as this route offers a potential alternative to 
the State Highway 1 route out of Wellington.  Particular structures, such as 
the Karori Tunnel, Kelburn Viaduct, Aotea Quay Bridge and some motorway 
overbridges within Wellington, are likely to be impassable.  The CBD is 
likely to suffer severe damage where the roads are on reclaimed land.  In 
general, disruption is expected to be very high though the multiplicity of 
routes should mean that at least one route remains open to each suburb 
with the possible exception of Karori. 

 
 In Lower Hutt the likely loss of use of all the Hutt River bridges would 

prevent any access between the west and east sides of the city.  Of the four 
bridges, the Kennedy Good Bridge is most likely to be restored to some use 
quickly and the Ewen and Melling Bridges may be destroyed.  Access from 
the eastern side of the city to and from the Upper Hutt would probably be cut 
at the Silverstream Bridge.  The community of Eastbourne would be cut off 
by multiple effects.  Access to Wainuiomata would stand a moderate chance 
of severance with at least partial blocking of the single access road. 

 
 The City of Porirua could expect to experience moderate damage (apart 

from the State Highway) though the ramp bridge would be expected to be 
closed.  Access to particular areas such as Titahi Bay could be a problem.  
Warspite Avenue, where it crosses Cannons Creek on an embankment, 
may settle which would sever a possible link north to Paremata. 

 
iii) The Regional Rail Network 
 
 Like the road network, the regional rail network could be expected to be 
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largely inoperable immediately following the earthquake, with many sections 
closed. 

 
 The North Island Main Trunk (NIMT) would be expected to experience 

closure for much of its length from the railyard to Kaiwharawhara, with 
massive misalignment through the fault movement and liquefaction along 
the fault line next to the common section of State Highway 1 and State 
Highway 2.  The tunnels might experience partial collapse of portals and 
landslides at the tunnel mouths, with loss of the track on the flat ground 
adjacent to the Porirua Stream at Glenside.  Takapu Road Bridge may also 
obstruct the track.  The Porirua to Paremata section would be closed with 
the settlement of the embankment, loss of track bed and misalignment 
through liquefaction.  Partial collapse of the abutments to Paremata Bridge 
is also expected.  From Paremata to Pukerua Bay, rockfalls are expected at 
Goat Point and some subsidence around the Taupo Swamp.  The section 
from Pukerua Bay to Paekakariki would be certain to be blocked in 
numerous places by landslides and major rockfalls.  Between Paekakariki 
and Paraparaumu, the line is likely to suffer misalignment and some track 
bed failure on the swampy ground.  There is a moderate risk of closure by 
minor landslips further north. 

 
 South of the Ngauranga Gorge the Wairarapa Line would experience similar 

problems to the NIMT with high probability of closure.  From the vicinity of 
Ngauranga to Petone the line would be highly likely to be destroyed by 
landslides, subsidence in and around Ngauranga and misalignment through 
liquefaction. From Petone through to Woburn, ground settlement and the 
movement of the fault would be expected to sever the route.  North of 
Woburn through Lower Hutt to the Silverstream Bridge, there is a likelihood 
of misalignment and road bridge collapse,  The Silverstream Bridge might 
be intact but closed, with the section of line through to Upper Hutt also 
closed by minor misalignment.  From Upper Hutt through the tunnels to the 
Wairarapa there is likely to be minor damage from slips and rockfalls. 

 
 The Johnsonville branch line would be closed through slips and subsidence.  

There would also be misalignment and failure of the track bed through 
liquefaction on the Melling branch line. 

 
 The railyards would be devastated.  The fault movement, liquefaction and 

ground settlement effects in particular would destroy the rail lines and derail 
the locomotives and rolling stock. 

 
 In summary, the regional rail network would be very largely inoperable.  The 

ability to run any trains on the northern sections which could be expected to 
survive (north of Paekakariki or Paraparaumu and of Upper Hutt) would 
depend on the availability of locomotives and rolling stock.  In both cases 
they would almost certainly have to be brought from further north. 

 
iv) The District Rail Network 
 
 The Johnsonville Line would be closed in a number of places owing to 

landslips and at least partial collapse of the tunnels.  The Melling Line would 
also be closed with landslides and liquefaction problems.  Both lines would 
also be affected by the loss of the yard and of power.   
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v) The Port 
 
 The main problem with most of the seaport facilities arises because of their 

closeness to the fault and being located on reclaimed land. 
 
 The rail/road ferry terminal would be affected by the fault movement and 

ground shaking closing the linkspan and the wharves.  The Aotea Wharf 
would similarly be affected, resulting in damage to the wharves and cranes.  
From the Thorndon container terminal to the overseas passenger terminal, 
damage would be caused with settlement of reclamations occurring.  Shore 
based facilities, such as container cranes would be made inoperable by 
such movement and loss of power. 

 
 Recent reclamations, such as at the Thorndon container terminal and the 

Taranaki Street area would be less likely to be subject to any damage from 
liquefaction as these reclamations were constructed using well engineered 
fills.  There is evidence however that earlier reclamations were constructed 
using hydraulic fills which may not perform as well.  The stability of all fills 
could be threatened from any entrapment of harbour mud beneath the 
reclamation which could promote sliding at the original seabed.  All 
reclamations would be subject to settlement which would deform pavements 
and cause rupturing of water, electrical, gas and drainage services, 
particularly at junctions between piled structures and reclamations. 

 
 The damage at the Burnham, Miramar and Seaview Wharves would be 

lessened by their distance from the event but moderate damage could occur 
from the ground shaking and settlement. 

 
 Adjacent to the Seaview Wharf, there is a chance of the pipelines being cut 

by landslide with some areas of the tank farm affected by settlement.  It is 
noted that parts of the tank farm area have undergone a consolidation 
programme to improve its seismic performance.  The Aotea Wharf pipelines 
would be cut where they cross the fault line although alternative bunkering 
for ships would still be available at Seaview if this facility continues to 
operate. 

 
 Uplift to the west of the Wairarapa Fault could reduce the draft at the 

harbour entrance and close the port to all but coastal shipping. 
 
 At the lesser wharves (Seatoun, Rona Bay, Days Bay and Petone) the boat 

launching ramps and marinas all have a moderate or low likelihood of 
serious damage. 

 
vi) Airport 
 
 Ground Acceleration of  0.9g or 0.7g 
 
 Damage to the runway, taxiways and apron surfaces is likely at the southern 

end of the runway.  There is also likely to be some settlement, slumping of 
batter surfaces and break-up of the surface over perhaps half the length of 
the runway.  Access by road to the eastern side of the airport around the 
northern end of the runway is likely to be disrupted.   
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 The communication facilities and the control tower are likely to suffer some 
damage from falling equipment and from failure of minor building finishes.   

 
 There may be some damage to the hangars and the Air New Zealand 

workshop, particularly by the large doors falling off their tracks and jamming.  
There is also likely to be some damage within both terminal areas with 
equipment falling and some structural damage to exterior claddings.  
Underground pipes such as fuel lines to hydrants and the sewer main may 
be broken.  The airport would certainly be closed for some time to normal 
commercial traffic and would take some days to reopen to reduced 
emergency traffic. 

 
 0.3g Ground Acceleration 
 
 There is likely to be less disruption to paved surfaces and to buildings.  

Inspections and testing of all facilities would probably require a short 
closure.  Some failure of paved surfaces could require repair before the full 
runway length becomes available for use. 

 
vii) Conclusion 
 
 In the period immediately following a major movement of the Wellington 

Fault, when the priority is for the movement of emergency personnel into 
and around the area to move casualties and at least partially to evacuate, 
there is only a small chance of a land based route being open to or from the 
region.  Some port facilities are likely to remain serviceable with additional 
facilities in the Burnham/Miramar area. 

 
 Whilst movement in and around Wellington City is likely to be possible via a 

limited network, the City of Lower Hutt is likely to be completely cut off and 
divided in two.  Upper Hutt may have a route north to the Wairarapa via the 
rail tunnel.  Movement between Porirua and Wellington is likely to be 
feasible. 

 
 Internally, the Wellington CBD is expected to suffer most with a 

considerable proportion of the network lost.  Petone and some Wellington 
suburbs can anticipate considerable disruption. 

 
B8.2.2  The Period Following the Wellington Fault Event 

 
i) General 
 
 In the weeks following the earthquake, the priority will be to make quick 

repairs where possible and return the region to a liveable state so that 
people can return to their houses and jobs to as great an extent as possible.  
A high degree of disruption is likely.   

 
 The rail system is most unlikely to be available for internal travel during this 

time given the destruction at the Wellington City end, the damage between 
Wellington and Glenside on the NIMT and between Wellington and Petone 
on the Wairarapa Line.  This commentary therefore considers only the road 
network and sea transport. 
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ii) The Regional Roads 
 
 It is likely that slips and the collapse of embankments will be repaired more 

quickly than other damage except where a structure would be repairable or 
easily replaced by a temporary facility. 

 
 Along State Highway 1 out of the CBD it is unlikely that the common section 

could be reopened in the time frame being considered, though the Hutt 
Road may be.  The time required is subject to doubt.  Depending on the 
extent of uplift, it is unlikely that State Highway 2 between Ngauranga and 
Petone would be reopened during this period.   

 
 This period would see restored use of State Highway 1 as far as Porirua.  

From there a temporary structure at Paremata Bridge with reinstatement 
along failed sections could probably provide a low grade road as far as 
Pukerua Bay.  The section through to Paekakariki would probably be 
cleared more slowly.  This is likely to give a capacity of up to 6,000 persons 
per hour (depending on the amount of road which was surfaced and 
interference by restoration works) through this section against current peak 
demands of 7,000 persons per hour.  The closeness of the two figures 
arises assuming that in the extreme conditions following the earthquake, 
cars would tend to be filled rather than having the current average 
occupancy of 1.3 persons. 

 
 It is unlikely, however, that State Highway 2 between Ngauranga and 

Petone would be re-opened during this period.  The time required is also 
subject to doubt.  Depending on the extent of uplift, it is unlikely that State 
Highway 2 between Ngauranga and Petone would be reopened in this 
period.   

 
 Further north, clearances of landslides and other obstructions could be 

carried out but the Moonshine Bridge on River Road would require 
temporary bridging assuming it to be affected by direct movement of the 
fault.  With further clearance to the north, the State Highway should be re-
opened to the Wairarapa district. 

 
 State Highway 58 should be able to be reinstated quickly. 
 
 Through these measures, a state highway route could be expected to be 

reopened, initially using the southern section of State Highway 1, State 
Highway 58 to the Hutt Valley and State Highway 2 into the Wairarapa.  
Following the clearing of the Pukerua Bay-Paekakariki section of State 
Highway 1, the second route north would be open. 

 
 The major problem area which could remain is the section of State Highway 

2 between Petone and Ngauranga, requiring Hutt Valley-Wellington traffic to 
use State Highway 58 and State Highway 1.  Maximum capacity could again 
be around 6,000 persons per hour against the current peak movement of 
some 10,000 persons per hour. 

 
iii) The District Road Network 
 
 The district road network in Wellington is likely to remain disrupted at the 
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major structures in the CBD and in some suburbs.  A major problem is likely 
to arise with the loss of the Thorndon section of the urban motorway.  
However, given the likely higher car occupancy which could be used during 
this period, it is probable that the network will serve until business activity 
returns to normal.  Loss of parking is probably not going to be a problem 
particularly if assumptions of greater car occupancy are correct.  Thereafter 
there may be a difficulty with the possible loss of parking buildings, the 
Queens Wharf area and much on-street parking. 

 
 In Lower Hutt, the Kennedy Good Bridge is expected to be restorable 

(possibly using temporary measures) and a priority would be to provide a 
temporary structure elsewhere, probably at the Ewen Bridge site given the 
likely loss of approach roads to the Estuary bridge and the relative proximity 
of the Melling and Kennedy Good Bridges.  Given the restoration of these 
bridges, internal access and access to Wellington via State Highway 58 
would become possible in this period.  The route to Eastbourne might not be 
cleared in this time frame. 

 
 Upper Hutt should have its network reasonably restored over this period. 
 
 Porirua is likely to remain dependent on the Mungavin Bridge until the 

planned new bridge is built to replace the Ramp, but is otherwise unlikely to 
be significantly affected except locally at Titahi Bay. 

 
 In summary, a basic road system is likely to be restorable within a 

reasonable time period providing capacity for movement without excessive 
delay, except for travel from the Hutt Valley to Wellington.  The extent to 
which this capacity restriction will be a problem will depend on the level of 
activity continuing in Wellington, the scope for working at home, etc. 

 
iv) The Rail Network 
 
 During this period the rail system would be reinstated from the north.  Within 

the timescale of this scenario it is likely that rail access would be available to 
Paekakariki and depending on the condition of the Silverstream Bridge 
perhaps as far as Woburn.  There would be no signalling or overhead 
power, thus requiring diesel powered trains under emergency signalling 
rules.  

 
v) The Seaport 
 
 It is not likely that interim restoration of the seaport facilities (including the 

Road-Rail Ferry Terminal) and major shipping berths could be achieved 
quickly.  Emphasis for initial shipping movement will therefore continue to be 
at the Burnham/Miramar Wharves, ship load/unloading equipment being 
used in place of land based equipment.   

 
 Cross harbour movement between suburban wharves, boat launching 

ramps and marinas could provide a useful service both to serve the Lower 
Hutt-Wellington movement and to provide access to Eastbourne. 
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vi) The Airport 
 
 Following the major event, damage to the paved areas is likely to be able to 

be levelled to give a smooth surface relatively quickly if adequate 
earthmoving plant is available.  Sources of fill are located in the banks to the 
south-east of the runway near the milliscreen plant.  The communications 
and control tower are likely to be able to be restored to provide a limited  
service to match the runway capacity.  Repaving of the runway will be 
dependent on the asphaltic concrete plants being available and on there 
being a supply of bitumen as well as trucks being able to transport the 
material to the Airport.  Aircraft may need to be towed to and from the 
runway to reduce the chance of stone damage to engines and because they 
cannot propel themselves over the rougher surfaces.  Buildings are likely to 
be made serviceable.  Refuelling may be by tanker, if necessary. 

 
 With a regional event, runway, taxiway and apron repairs are likely to be 

undertaken relatively quickly provided the asphaltic concrete plants are 
operating.  Communications and control tower are likely to be restored 
sufficiently to cope with the service that the runway can provide. 

 
B8.2.3  The Return to Normal 

 
i) The Regional Roads 
 
 Stage Highway 1 is likely to be restored to full standard reasonably quickly.  

Permanent reinstatement of bridging at Paremata should be a priority during 
this period. 

 
 State Highway 2 should be restored between Petone and Ngauranga. 
 
ii) The District Roads 
   
 The slowest restoration of the district road network is likely to be the major 

structures, including the Hutt River Bridges and in parts of Wellington as 
well as a new Ramp Bridge in Porirua (both Ewen Bridge in Lower Hutt and 
the Ramp Bridge are scheduled for replacement with stronger structures).  
Some suburban areas are still likely to be significantly disrupted in this 
period.  

 
 
iii) The Rail Network 
 
 Given the extent of damage likely to the rail network, it would be a 

considerable time before the NIMT and Wairarapa Line could be reopened.  
Particular problems are expected between Pukerua Bay and Paekakariki, at 
the Wellington Terminus and between Petone and Ngauranga.  The keys to 
the restoration of the rail system would be the Pukerua Bay area, the ability 
to re-use the present track bed after clearance of slips and the area from 
Kaiwharawhara to Wellington.  It is likely that the whole of the Wellington 
yard and as far north as No. 1 Tunnel will require realignment and 
reballasting before the system can be returned to traffic.  

 
 Dependent on the extent of the damage in the Wellington yard area, and 
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provided resources can be made available, limited operations could be re-
instated into the Wellington yard area within two to three months.  Normal 
operations would take up to 12 months to restore.  The Johnsonville Line 
and Melling Branch would have a low priority for restoration as they can be 
replaced by bus services. 

 
iv) The Seaport 
 
 The seaport would be expected to be gradually restored with longer lasting 

problems relating to some of the seawalls and to weaker areas of the tank 
farm area at the Seaview Oil Terminal. 

 
v) The Airport 
 
 0.7g to 0.9g Ground Acceleration 
 
 Restoring the runway to its present length and pavement strength may take 

months as there is likely to be competition for resources with other 
reconstruction activities.  The reduced economic activity of the city will 
reduce the requirement for passenger travel but the likely dislocation of road 
and rail routes to the north will make this an important cargo terminal.  
Surplus demolition material will be able to be used to extend the runway or 
to fill settled areas.  The terminals and workshop buildings are likely to be 
repaired as the need for them increases with traffic flow. 

 
 0.3g Ground Acceleration 
 
 Services are likely to be returned to normal within a few weeks provided 

asphaltic concrete is available. 
 
B8.2.4 Further Investigation and Mitigation 
 
 More information is sought concerning the stability of greywacke slopes and their 

stabilisation. 
 
 
B8.3 Transportation  System- Mitigation Measures 
 
 In considering mitigation measures that can and should be taken, three aspects 

have been considered.  They are: 
 

• Asset management and planning 
 
• Engineering detail 
 
• Managing the event 

 
B8.3.1 The Regional Road Network 
 
 It has been shown that one of the key features of the regional road network is the 

lack of alternative routes (redundancy).  Whilst it is unlikely that any significant 
new road could be justified only on the basis of preparations for an earthquake, 
the availability of an additional link should be an important aspect of the 
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evaluation of different transport policies and schemes.  Relevant road schemes 
identified are: 

 
• Alternative route for State Highway 1 (Transmission Gully) 
 
• Petone-Grenada Link 

 
 Other schemes where lifeline considerations may be important are: 
 

• A possible alternative route to Wellington City via the Ohariu area (the 
north-west connection) 

 
• A link to "Transmission Gully" from the Hutt Valley 

 
 Specific engineering detail changes have not been identified.  However, it is 

proposed that a bridge inventory and a priority list for engineering checking of 
structures be drawn up with investigations and then implementation to follow.  
Priority at present rests with the Thorndon overbridge on State Highways 1/2 
followed by  the SH2 Silverstream Bridge and the Molesworth Street Bridge. 

 
 Given the nature of the vulnerability on the regional road network, planning its 

(partial) restoration becomes particularly important.  Measures identified are: 
 

• Planning that earthmoving and lifting plant can be available at a strategic 
location (e.g. the airport), or could quickly be taken there and elsewhere 
in the region. 

 
• Providing a supply of material suitable for converting rail bridges to 

temporary road bridges with decking (e.g. timber). 
 
• Ensuring that emergency bridging is available.   

 
 Action 
 
 Advise Transit New Zealand and the Regional Land Transport Committee of 

Wellington Regional Council, of the vulnerability of the State Highways and 
request inclusion of lifelines issues in transport project evaluation and 
prioritisations.  Also advise of the need to carry out systematic studies of the 
major structures and therefore request allocation of engineering fees in the 
Regional Land Transport Programme. (This has since been included in the 
1991/92 Programme) 

 
 Suggest that Civil Defence pursues maintenance of a register of plant available 

within the region.  Ask that, if shown to be appropriate, Civil Defence supports the 
purchase of specific plant and material for key locations. 

 
B8.3.2. The District Road Network 
 
 Important structures which are thought to be vulnerable have been identified.  

Further assessment of seismic capacity and determination of options for 
improving their performance should be undertaken.  They include: 

 
• The Ramp Bridges, Porirua City 
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• The Ewen Bridge, Lower Hutt City 
• Melling Bridge, Lower Hutt City 
• Kelburn Viaduct, Wellington City 
• Aotea Overbridge, Wellington City 
• Estuary Bridge, Lower Hutt 
• Takapu Road Bridge, Wellington City 

 
 NB:  Replacement of both the Ramp and Ewen Bridges is being actively pursued. 
 
 Certain suburbs have been shown to be liable to isolation.  Alternative means of 

access to these suburbs or hardening of their current access routes should be 
sought.  They include: 

 
• Karori, Wellington City 
• Eastbourne, Lower Hutt City 
• Wainuiomata, Lower Hutt City 
• Titahi Bay, Porirua City 

 
 No particular engineering detail measures have been identified on the district road 

network.  However a systematic study of each system should be carried out 
beginning with key routes and important structures.  In particular, the following 
have more than local significance: 

 
• Route from Wilton to Johnsonville via Wilton Road, Churchill Drive, 

Waikowhai Street, Ottawa Road, Khandallah Road, Box Hill, Burma 
Road, Moorefield Road in Wellington City 

  
• Warspite Avenue, Porirua City 
  
• Eastern Hutt Road (Taita-Silverstream), Lower Hutt City 

 
 Similar measures as for the regional road system are appropriate. 
 
 Action 
 
 Advise each territorial authority of the findings of this study and of the need to 

take account of lifeline issues in planning and prioritising its transport programme. 
  
B8.3.3  The Rail Network 
 
 Given the nature of the rail system there are likely to be few actions which can be 

taken from a network planning perspective.  However, a means to avoid the 
unstable hillside north of Pukerua Bay is desirable and a long term alternative 
route may be worth seeking. 

 
 The main engineering measures identified at the detailed level are the better 

securing of bridge beams to abutments and the provision of "verandahs" to 
protect tunnel portals. 

 
 As with the road network, one key management action is likely to be the provision 

of plant.  Material is also probably going to be needed in areas such as the 
swamp ground between Paekakariki and Paraparaumu.  Material may be 
available from landslips further south. 
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 It is noted that services north from Upper Hutt are expected to be available. 
 
 Action 
 
 New Zealand Rail Limited needs to be appraised of the findings of the study at a 

senior level and requested to commission engineering studies into the bridge 
security with implementation of recommendations to follow.  First priority would be 
for the Paremata bridge. 

 
B8.3.4  The Port 
 
 Unless major changes to the seaport are contemplated for other reasons, there is 

likely to be little that can be done from a forward planning perspective to reduce 
the vulnerability of the seaport, except for the possible provision of a secondary 
linkspan to serve the road-rail ferries.   A location away from the fault line that is 
likely to retain land access for provision of an emergency span, is preferable. 

 
 Engineering measures to be taken could include: 
 

• Investigation of the Aotea Quay reclamation to clarify its likely 
performance in an earthquake 

 
• Provision of automatic shut-off valves for the water supplies so that they 

don't drain the system if fractured 
  
• Assessment of present wind anchorages to check the ability of container 

cranes to withstand earthquake loads 
 
• Making provision for power supplies from vessels/generators 
 
• Encouragement given to oil companies to upgrade facilities so that 

damage to oil storage and pipeline facilities will be minimal 
 

 Mitigation of the adverse effects following an earthquake would come through the 
use of ships with on-board crane and other facilities. 
 

 Action 
 
 Advise the Port of Wellington at a senior level of the overall findings of the study 

with a recommendation for the identified measures to be acted upon. 
 
 
B8.3.5  The Airport 
 
 The Airport is the service where least is currently known.  However it is believed 

that in the event of a major movement of the Wellington Fault, the usable runway 
of 1900 metres would be reduced by approximately half to leave an operational 
length of about 1000 metres.  The locating of appropriate plant to reinstate the 
runway may be a cost effective option. 
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 Action 
 
 Contact the Wellington International Airport Company to confirm vulnerability of 

the various elements of the Airport and to request a study of possible mitigation 
measures. 

 
 
B8.4 Transportation - Further Investigations 
 
 Further investigations are required in the following areas: 
 

• Development of retrofit techniques suitable for New Zealand bridges  
 
• Stability of slopes under the two levels of earthquake 
 
• Details of the Wellington Fault location and characteristics at the 

Thorndon node area 
 
• Response Plan preparation 

 
• Further investigations and/or analysis of the reclaimed areas in the 

vicinity of the ferry terminal.  Because of the critical nature of this strip of 
land which contains the rail yard, motorway and access to the inter-island 
ferries, further investigations are needed. 

 
 (NOTE : As a result of their involvement in the project, NZ Rail Limited, through its 

Safety and Risk Management Unit, commissioned a special study of the 
earthquake hazard potential of its extensive Railway  Yard.  Reference B8.1  This 
report focussed on the liquefaction potential of the various reclamation fills which 
underlie the rail yard and which can be seen in Figure B8.1.) 

 
 The hazard assessment was made on the basis of a special interpretation of 

existing soils data.  Performance of the fill materials in past earthquakes was 
reviewed and soils data examined for liquefaction potential. 

 
 The study concluded that significant ground displacements could be expected 

when subject to MM IX intensity shaking.  Ground subsidence is likely above MM 
VIII with the amount of subsidence depending on the nature of fill.  Rock fill areas 
are expected to perform better than hydraulic fills of sand and mud. 

 
 A further consideration was the passage of the Wellington Fault through parts of 

the study area, including the ferry berth. 
 
 In key areas showing greatest susceptibility to liquefaction, a notable lack of 

geotechnical information drew a recommendation from the authors for more data 
gathering. 

 
 
REFERENCE: 
 

B8.1 Dellow G.D. and Perrin N.D. "Wellington Railway Yard. Assessment of 

Liquefaction Potential During Earthquake Shaking".  DSIR Contract Report 
No 1991/4 prepared for NZ Rail, January 1991. 
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B9. Building Services 
 
 
B9.1 General 
 
 Building services are important lifelines within buildings and are necessary in the 

majority of today's commercial, industrial and public buildings.  They should be 
capable of continued use following an earthquake, or be readily repairable within 
the timeframe imposed by the availability, or the restoration of, the lifelines 
external to the building, thus enabling people to travel to the buildings and allow 
the essential building services to be used, where no in-house emergency services 
are possible.  Vital services are sewage disposal, potable water supply and power 
supply.   

 
 Almost as important, especially for business activity, are communication systems, 

gas supply and fire water supplies.  For this reason, building services were 
included in the project.  

 
 The Building Services Task Group set out to bring to the attention of building 

owners and occupiers, their vulnerability to a large earthquake occurring in the 
Wellington region and to suggest ways in which they can plan and develop 
strategies for reducing the risks and impact of damage on themselves, their 
employees and their businesses. 

 
 For ease of reporting, buildings have been divided into the main categories of: 
 

• Commercial 
• Industrial 
• Public 

 
 and the following services have been addressed: 
 

• Electrical 
• Heating Ventilating & Air Conditioning (HVAC) 
• Plumbing 
• Fire Protection 
• Vertical Transportation 
• Security 
• Communications 
• Process 

 
 
B9.2 Vulnerability Assessment 
 
 B9.2.1 General Vulnerability Issues 
 
 In any building, providing it is structurally sound following an earthquake, its 

continued occupation and use will be contingent upon the supply of water and 
electricity. 

 
 Electricity is required to maintain: 
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• Lighting 
• Ventilation - Supply and Exhausts 
• Water Pumping - Domestic and Flusher 
• Communications - Telephone and Data 
• Boiler Operation - Steam and Hot Water 
• Domestic Hot Water 
• Freezers and Coolrooms - Goods and Drugs etc. 
• Kitchens 
• Medical Services 
• Stormwater and Sewage Pumping 
• Lifts - Passengers and Patients in Hospitals 
• Security 

 
 Buildings provided with emergency power generators would normally be expected 

to be able to supply, as a minimum, the essential services for up to 24 hours.  
This is sufficient for intermittent installation outages but insufficient to cope with 
the longer outages due to earthquake. 

 
 Water supply would need to be maintained for the satisfactory operation of: 
 

• Domestic Cold Water Systems 
• Domestic Hot Water 
• Fire Hose Reels 
• Fire Sprinklers 
• Kitchens 
• Laboratories 

 
 Buildings with water storage usually provide 24 hours usage for domestic 

purposes but not for such services as fire.  Without mains water, most fire 
protection systems would be completely inoperable and ineffective.   

 
 Although electricity and water are absolutely vital for the continued operation of 

building services, even basic requirements for occupancy and functioning require 
restoration of other services. 

 
 In making judgments on particular vulnerabilities and importance of various 

building services, the recovery times for external lifelines shown in Table B9.1 
were used.  These were supplied by the other Task Groups early in the project 
and apply to the Wellington Fault Event.  These were later substantially modified 
during the assessment of lifeline interdependence.  Refer to Section B11 and 
Table B11.3. 

 
 The times estimated for recovery of service are vital in the assessment of the 

ability to restore essential building services.  It was recognised that restoration of 
the building systems may take longer than that needed to restore external supply.   

 
 The overall review was based on the assessments that: 
 

• At MM X with a peak ground acceleration of 0.9g, it was most probable 
that services damage within the buildings would be such that continued 
occupation would not be possible. 

 
• For MM VIII with 0.3g peak ground acceleration, provided services are 
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installed and restrained using fixings designed to cater for seismic loads, 
then occupation of the building should be possible and without significant 
damage. 

 

 
 
 Table B9.1 Times for Recovery of External Services to Buildings  
  Wellington Fault Event 
 
 
B9.2.2  Vulnerability Assessment Approach 
 
 Buildings and building services vary widely in their performance in earthquake.  In 

order to reflect this variation, buildings were split into categories based on its 
Group's knowledge of Wellington's building stock. 

 
• Commercial 
• Industrial 
• Public 
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 Commercial Buildings were split into three sub-categories: 
 

• Type A - high quality 
• Type B - medium quality 
• Type C - low quality 

 
 Quality refers essentially to the likely performance of the building and its services 

in earthquake, and takes account of initial specification, maintenance, function 
and its position in the market. 

 
 Industrial Buildings were categorised according to function: 
 

• Petrochemical  - storage and processing 
• Warehousing - normal storage 
  - cold storage 
• Construction industry plant and fabrication 
• Heavy engineering fabrication and assembly 
• Light engineering fabrication and assembly 
• Chemical/pharmaceutical processing 
• Food processing - dairy 
  - meat, fish, poultry 
  - bakeries 
• Automative repair facilities 
• Light manufacturing 
• High technology manufacturing 
• Research facilities 

 
 This split highlighted the varying vulnerabilities and importance of industrial 

buildings and their services. 
 
 Public Buildings were split into two broad categories: 
 

• Government, transport and emergency buildings 
• Hospitals 

 
 For each main category, assessments were made for high, medium and low 

quality buildings. 
 
 For each building category, assessments of vulnerability and impact of loss of 

each service were made in tabular form.  The vulnerability of each service within 
the building category and the impact of the loss of the service were graded on a 
points system of 1 to 10, a score of 1 indicating low vulnerability or importance 
and a score of 10 indicating high vulnerability or importance.  A score of 1 for 
vulnerability means the services would not suffer significant damage and would 
be available immediately after the earthquake.  A score of 10 for vulnerability 
means that the service would suffer substantial damage and would take 
considerable time to reinstate. 

 
 The vulnerability charts have been assessed on the basis of an earthquake of 

0.9g intensity and are based on judgments made by the members of the Group 
responsible for each of the building types.  In each instance these people were 
foremost professional engineers practising directly in the fields upon which they 
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have made judgment.  In addition, other practising engineers were asked to 
comment.   

 
 In making these subjective assessments, the knowledge of both past and present 

design and installation standards, and the adoption of and compliance with the 
relevant current NZ Standards for seismic design, have been the general 
reference points. 

 
 The tables presented apply to the various building services systems present in 

typical commercial, industrial and public buildings, likely to be found in the greater 
Wellington area. 

 
B9.2.3 Commercial Buildings   
 
 To assist analysis the commercial buildings have been classified as follows: 
 
 Type A Building 
 General 

• May be perceived as high quality 
• Services very well designed and engineered with high level of 

supervision/observation during construction, followed up by regular and 
high quality inspection and maintenance of components 

 
HVAC 

• All air A/C system with central plant 
• Ceiling spaces contain only lightweight ducting, and no major items of 

equipment or water piping 
• Capable of being operated on 100% fresh air 
• Probably no opening windows 
• Gas-fired heating system 
• Copper and steel pipework 

 
Electrical 

• Emergency power available for a significant percentage of services, such 
as 50% of lifts, at least 50% of space lighting, smoke control systems, 
sump pumps, ventilation and extract systems, perhaps boiler and pumps, 
and even chillers and towers in some cases.  PABX would operate and 
possibly some or all of the computer and data systems.  Fuel supply for 
several days maintained at all times.  Generator system maintained and 
test run regularly. 

 
Fire 

• Sprinkler system with dual supply or on-site water storage.  Dry or wet 
riser system. 

 
Plumbing 

• Centralised LPHW system, probably gas-fired 
• All copper plumbing systems 
• More than 1 day storage 
• Seismic restraints to storage tanks 
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 Type B Building 
General 

• May be perceived as medium quality 
• Services generally engineered to a good standard with "observation" 

rather than "supervision" during construction 
 
HVAC 

• Floor by floor system without the facility for 100% outside air 
• Probably no opening windows 
• Gas (central plant) or electric (local) heating 

 
Electrical 

• Emergency power from generator but restricted to a minimum of services, 
such as 1 lift, emergency lighting only, PABX and stairwell pressurisation 
if required.  Up to 1 day fuel storage.  Generator system may be 
irregularly maintained and tested. 

  
Fire 

• Sprinkler system with single supply only 
   
Plumbing 

• Mixture of copper and µPVC pipework 
• Gas (central) or electric (local- LPHW) 
• Less than one day storage in main water storage tanks 

 
Type C Building 
General 

• May be perceived as low quality 
• Services engineered to minimum standards of fresh air, standby power 

and plumbing 
 
HVAC 

• Four pipe fan coil or incremental unit systems with reasonably heavy 
plant located in the ceiling space and fed with heating and chilled water 

• Only minimum outside air possible via ducted system to ceiling plenum 
• No opening windows 

 
Electrical 

• No emergency generator system 
• Battery back-up to PABX and minimum emergency lighting only 

 
Fire 

• No sprinkler system 
   
Plumbing 

• All µPVC plumbing system 
• Electric LPHW system with local HW cylinders at each floor 
• Minimum storage, possibly none, other than in HW cylinders or WC 

cisterns 
 
Assessments for these are presented in Table B9.2.  The figures presented show 
clearly where the greatest vulnerability, importance and overall risks lie. 
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Table B9.2: Commercial Buildings – Loss of Services/Risk Assessment 
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B9.2.4  Industrial Buildings 
 
 Categories of industrial buildings considered are listed in Section B9.2.2 above. 
 
 Critical Elements 
 
 The first five named categories have been identified as having critical functions 

due to the part they would play in assisting restoration of services and 
maintenance of normal activity. 

 
 Petrochemical facilities would be required to provide the fuel for transportation.  

Warehousing would provide vital supplies and food prior to re-supply being 
possible.   

 
 The construction industry would provide plant for clearance of obstructions and 

commencement of essential restoration. 
 
 The heavy and light engineering fabrication facilities would provide secondary 

support to the construction industry as noted above. 
 
 While the other industries play a vital role in re-establishing the communities, this 

occurs subsequent to the initial key events. 
 
 Basic Services 
 
 Virtually all the industry categories identified will require electricity, potable water, 

waste water connection, and some will require gas and process water. 
 
 Potable water for consumption and to maintain hygiene requirements is seen as 

the single most essential service. 
 
 General Vulnerability 
 
 The installation of services in many of the industrial buildings will be the same as 

for commercial and public buildings and exhibit similar degrees of vulnerability.  
This would apply to such items as: 

 
Electrical - Transformers - mounting and restraint 
 - Main switchboard  - mounting and restraint 
 - General reticulation - restraint on cable ladders 
 - Standby generators - mounting 
  - battery racks 
  - fuel tanks 
  - external radiator connections 

 
HVAC - Boilers - mounting and connections 
  - fuel supply 
  - chimney mounting and      
restraint 
 - Chillers - mounting and connections 
  - cooling towers - mounting 
 - Air Handling Plant - mounting 
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  - ducting - support and restraint 
- Water Storage - restraint and connections 
 - piping and pumping - various  
  services - mounting and 

 restraint 
 
Items which are more pertinent to industrial installations include: 
 
 - Overhead travelling cranes - restraint on rails 
 - Boilers  - as before 
 - Storage of raw materials - pile or rack collapse 
  - silos 
 - Heavy plant and equipment - mounting and restraint 
 - Dangerous goods - storage 
  - nature of vessels - restraint 
  - tanks - connections 
  - containment 
  - segregation in event of spillage 
  - vats - overtopping 

 
 While each of the services in itself may exhibit a similar vulnerability in an 

industrial environment to that perceived in other buildings, it can be exposed to 
additional hazards arising from the activities created by that industry. 

 
 Damage to services can occur by dislodged items such as: 
 

• Heavy plant or machinery items 
• Stored raw material items breaking loose 
• Gas bottles breaking loose 
• Rupture of storage vessels 
• Overtopping of storage vessels due to wave action 
• Fracture of lines containing chemicals or hazardous substances 

 
 Specific Vulnerability 
 
 Most industries will suffer some damage due to movement of plant, equipment, 

furniture and stock.  The collapse of block stacked products and bulk material 
storage racks will be both damaging and disruptive, but in many instances will 
possess some recoverable materials. 

 
 The more severe hazard arises from the possible breaking of bulk chemical toxic 

materials or fuel tanks.  While the release of product may normally be contained 
within bunded areas, ground movement is likely to destroy the integrity of such 
bunds and allow the release of the product.  Apart from the potential for spread of 
fire, it can also promote the contamination of wider areas. 

 
 Vulnerability and Impact Assessment 
 
 Table B9.3 shows the results of the Group's assessment of industrial services in 

terms of their vulnerability to earthquake and the impact of the loss of service.  As 
with previous charts, the higher the number, the more vulnerable and the more 
impact. 
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Table B9.3: Industrial Buildings – Loss of Service/Risk Assessment 
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 Notes to Table B9.3 
 

1. As not all industry categories would install this equipment, the ratings are 
shown as a typical assessment only. 

 
2. Impact of loss will be less severe for those installations where a standby 

generator set is installed. 
 
3. Total loss is not considered a high probability. 
 
4. Here chillers are taken to cover refrigerators in the case of cold storage 

facilities. 
 
5. While some installations may have on-site water storage, it has been 

assessed that this is not generally true. 
 
6. A blank entry indicates the likely absence of that plant element and hence a 

low impact of loss. 
 
7. The difference in vulnerability is based on the size and likelihood of 

installation of this equipment. 
 
8. The piping itself has low vulnerability, but its rating has been assessed due 

to connections at plant or storage vessels which could move, similarly for 
interconnections between buildings on a site and between major vessels. 

 
9. The assessment of plant vulnerability needs to be done on an individual 

equipment basis.  Most process plant will have some component which will 
be vulnerable such as bearings, pipe connections, holding down restraints, 
even though the main components remain serviceable. 

 
10. High technology manufacturing and research facilities could have specific 

calibration and component instrumentation possessing high vulnerability. 
 
B9.2.5  Public Buildings 
 
 General 
  
 In the following schedules, the classification of quality (high, medium and low) 

relates to the quality of installed services.  This assesses the ability of a public 
building to withstand a moderate earthquake and remain functional, which will 
enable it to provide a service immediately following the seismic disturbance. 

 
 In assessing the immediate ability to respond, the predominant factors were: 
 

• Ability of the building to remain intact and structurally sound for use 
• Ability of building services to be able to function on in-house power 
• Ability of furniture and essential portable first-aid equipment to remain 

intact 
• Adequacy of housing of general medical supplies and their availability for 

use 
• Availability of communication facilities either immediately or at least 

within two hours. 
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 Building Classification 
 

i) High Quality:  
 
 Would most probably only relate to buildings and services installed within 

the past five years and those for which proper seismic engineering was 
applied to the building services. 

 
 During construction the installations would have been subject to good 

supervision as distinct from observation or no review at all. 
 
 Some minor damage will most likely occur. 
 
 Medical and essential services would be adequately housed and have 

suffered little or no seismic damage and be immediately available. 
 
 HVAC systems will be operational and will be generally air types with  no 

major weight items in the ceiling spaces. 
 
 Electrical systems will be fully functional and power available to ventilation 

fans and all essential services from in-house or on-site emergency 
generators.  Fuel supplies would be expected to provide at least five days 
supply. 

 
 Fire protection will generally be by sprinklers with dual water supplies or on-

site storage and will be fully functional together with hose reels and alarm 
systems. 

 
 Fire pumps will also most probably have a diesel driven standby. 
 
 Water storage in this grade of building should be adequate to provide 24 

hours usage. 
 
 Fuel systems for steam heating and domestic water would not be reliant on 

gas but would have on-site diesel fuel to allow continued operation should 
external gas supplies fail. 

 
ii) Medium Quality: 
 
 Would most probably only relate to buildings completed over the past five to 

ten years or those for which some upgrading of services has been 
completed.   

 
 These buildings would not have necessarily been submitted to the same 

degree of detailed design, have limited essential services and not have 
received detailed construction supervision. 

 
 HVAC systems will most probably be limited in operation. 
 
 Electrical systems will be operational, emergency power most probably 

limited to say lifts, emergency lighting and fire and sump pumps. 
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 Fire protection will be operational and where sprinklers are installed no 
supply other than City mains. 

 
 Some damage will have occurred and some services may be limited or not 

available. 
 
iii) Low Quality: 
 
 Buildings in this category will be those of an age outside the parameters 

above, have limited services, will be subject to limited use and HVAC most 
probably not functional. 

 
 Electrical - no generator for emergency power.  Battery essential lighting. 
 
 Fire protection limited to Code with no wet systems. 
 
iv) Hospitals: 
 
 The various departments have been scheduled and reviewed in overall 

terms, mainly to measure the impact of the loss. 
 
 Hospitals by their very nature tend to be a series of buildings linked by 

services.  As such some department are wholly dependent upon central 
services for their continued operation. 

 
v) Government: 
 
 In this area, Central Government, Regional and Local Body buildings, 

Emergency Services such as Ambulance, Police and Civil Defence, and 
Transport Centres have been considered. 

 
 Assessment of Vulnerability and Impact of Loss 
 
 The following Tables, B9.4 for Hospitals and B9.5 for Government, Transport and 

Emergency Buildings, indicate the results of the Group's analysis. 
 
 As with previous assessments, reliance has been placed on experience and 

judgment. 
 
B9.2.6  Expected Common Failures in Earthquake 
 
 The charts reflect the wide and critical vulnerability of building services, and 

provide reminders of the common failures of such systems in earthquake. 
 
 In many cases a service fails due to the failure of an initial item of equipment 

which comprises only a small part of that particular service.  The general 
vulnerability of services is demonstrated by the following review of examples of 
failures.  

 
 Heating Ventilation & Air Conditioning Systems 
 
 Inadequately restrained equipment: 
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Table B9.4: Hospital Risk Assessment 
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Table B9.5: Government Transport and Emergency Buildings 
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• In ceiling spaces relatively heavy plant such as fan coil units able to 
move sideways, may break away from fixings and fall, damaging ceiling, 
components and possibly causing injury.  Excessive movement may 
break water or electrical connections with risk of flooding, fire and loss of 
function.  

• Similar results may occur if piping systems are poorly anchored to the 
building, allowing movement relative to secured equipment. 

• Movement of main plant items such as boilers, chillers, cooling towers 
and tanks may break water, electrical and gas connections. 

 
Inadequate allowance for movement: 

  
• Failure of pipework connections at building entry points, between 

buildings or across seismic gaps. 
• Failure of ductwork connections across seismic gaps in the building. 

 
 Electrical 
  
 Inadequately restrained equipment: 
 

• Generator starting batteries moving and breaking terminals and 
connections. 

• Main switchboards moving sideways or toppling over breaking 
connections. 

• Light fittings falling out of ceiling fixings and breaking connections, with a 
risk of injury and fire. 

• Flooding of below ground substations and generator rooms. 
 
Fire Protection 
 
Inadequately restrained equipment: 
 

• Movement of battery boxes, alarm panels, breaking connections, with 
loss of detector circuits and Brigade connection. 

• Loss of power or fuel supply to sprinkler or wet riser booster pumps. 
• Failure of water storage tank or connections. 
 

Inadequate allowance for movement: 
 
• Pipework rigidly restrained too close to sections of building structure 

designed for differential shearing movement, causing flooding and loss of 
function. 

• Failure of water supply at building entry. 
 
Plumbing & Drainage 
  
Inadequately restrained equipment: 
  

• Water storage tanks moving, impacting on adjacent structural members 
or collapsing. 

• Pipework connections shearing causing flooding loss of water. 
• Hot water cylinders toppling over. 
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Inadequate allowance for movement: 
 

• Failure of water main at underground entry. 
• Failure of sanitary plumbing or drains causing flooding, health risk. 

 
Lifts 
 

• Lift shaft damage, rail misalignment. 
• Movement of hoist machines. 
• Damage to controls. 
• Flooding of lift well and pit. 
• Jamming of landing or car doors. 

 
Refrigeration 
 

• Movement of unrestrained evaporators causing the refrigeration pipework 
to shear at the point of connection to the unit. 

• Restrained and unrestrained evaporators, fixings pulling through 
insulating  sandwich panels to which they are fastened. 

 
 Communications Systems 
 

• Loss of unrestrained items of equipment such as power supplies and 
electronic equipment not fixed in restrained racks, e.g. PABX'S, 
amplifiers. 

• Flooding of basement located PABX rooms. 
• Out of alignment of microwave dishes and satellite dishes. 

 
 Security Systems 
 

• Jamming of locks due to doors and frames racking. 
• Personal computers falling off desks. 
• Power supplies falling over. 

 
Fittings & Fixtures 
 

• Freestanding unrestrained shelving overturning or racking. 
• Personal computers, facsimile machines, word-processors and other 

loose desk-top items falling to the floor. 
• Magnetic as well as weaker mechanical cupboard door locks opening 

and spilling their contents. 
• Free standing uplighters overturning. 
• Large pot plants overturning. 

 
B9.2.7  General Conclusions 
 
 It was generally found that significant services damage is unlikely in small to 

medium strength earthquakes.  Although some components may fail, the overall 
effect will not be serious.  

 
 Significant damage however may occur to services where they: 
 

• Pass between buildings 
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• Pass across seismic gaps, at junctions between different structural 

systems 
 
• Attach to unrestrained plant items where the lateral support has been 

inadvertently left off 
 

 It should be remembered that some services may be disrupted temporarily 
because of the correct action of an in-built safety device.  This applies particularly 
to gas services and all forms of vertical transportation which may take up to three 
days to reset safety devices. 

 
 It is expected that following a major earthquake sufficient critical components 

within each system can be expected to fail requiring repair to reinstate that 
service. 

 
 Even minor repairs are expected to take significant time due to the low availability 

of the appropriate skilled manpower and materials, such that for even quite minor 
problems the building could be expected to be uninhabitable for some weeks after 
the event. 

 
 Sufficient services damage is unlikely in an earthquake of 0.3g intensity provided 

the building and its services are designed in accordance with good current 
practice.  Some components may well fail but the effect will not be serious.  If a 
0.9g earthquake occurred at ground level then dislocation of most services is 
likely to occur and the building may be uninhabitable, probably for some weeks 
until repair work can be carried out. 

 
 
B9.3 Mitigation Measures 
 
 Detailed mitigation measures are as wide and varied as the systems and their 

elements.  The following items provide a general outline of important aspects 
which, when consistently addressed, will significantly reduce earthquake risk.  
Many of the items do not involve large capital expenditure.  They should be 
attended to by suitably qualified persons on new projects in the design phase, and 
on existing buildings at the earliest possible time.   

 
• Seismic restraint of plant and equipment including housekeeping items, 

storage shelves and appliances in accordance with NZS 4219. 
 
• Provision of flexible elements in services passing across structural and 

architectural discontinuities, e.g. seismic joints and foundation beams. 
 
• Location of fluid filled tanks and containers away from items of electrical 

and communication equipment. 
 
• Provision of on-site services connections to allow for the substitution of 

failed lifelines, e.g.  
 - Power generation by diesel generators 
 - Uninterruptible power supplies 
 - 24-hour water storage 
 - Emergency battery or battery inverters supplied lighting 
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• Provision of systems to augment weak lifelines, e.g.  

- Power conditioning equipment to smooth out voltage dips and spikes 
- Water pumps to boost weak water supply pressures 
- Cartridge water filters to clean dirty water supplies and chemicals to 

manually/automatically disinfect water supplies 
 

• Provision of alternate lifelines, e.g.  
- Dual water supplies where twin independent supplies are available, 
e.g.  

- 2 independent town mains 
- Town mains plus well 
- Towns main plus on-site water storage 
- Dual fired heating hot water boilers (gas and oil) 

 
- Mixture of chiller types, e.g. 

- Electric chillers and gas fired absorption chillers 
 

- Alternative communication links, e.g. 
- Telecom wire and fibre optic, together with 

microwave and possibly UHF 
 

- Alternative electrical supplies where possible, e.g. 
 - 11kV and  400V 
   or 
 - Two x 11kV (feed from different reticulation 

systems or feed from a  ringmain)  
 

- Provision for the connection of mobile units, e.g. 
- Generators 
- Sewage/waste disposal tankers 
- Water supply tankers/milk tankers 

 
• Ensure that all expendable items have replacements available and 

storage tanks levels are maintained. 
 

• Planned preventative maintenance contracts to maintain equipment, 
energy and water supplies, both incoming and storage. 

 
• Contractual arrangements which are legally binding with the appropriate 

service contractors for early response to assist in rehabilitation after the 
event. 

 
• Provision and safe storage of essential spares for all critical items of 

equipment, and ensuring these are accessible. 
 
• Compilation of up-to-date as-built documentation on-site for all services 

and operation and maintenance manuals. 
 
 Because of the projected shortage of skilled tradesmen available immediately 

after the event, building owners or operators of buildings which are essential to 
the recovery such as hospitals, energy suppliers, local authorities, etc., should 
look to arranging contracts with local contractors and contractors outside the 
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areas such that they have first call on those contractor's resources immediately 
after the event.  These contracts, once established should be reviewed annually 
to ensure the contracted parties are readily equipped and can react in the 
required time.  This enables the contracted parties to be forewarned such that the 
individuals who will respond are aware of their obligations and can make 
alternative arrangements for their immediate family during their expected 
absence. 
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B10 Buried Pipelines 
 
 
B10.1 Introduction 
 
 Normally, pipelines and cables for sewage, stormwater, water supply, gas, oil, 

electrical supply and telecommunications are buried to provide access for surface 
transport, protection and support. 

 
 When subjected to earthquakes, buried pipelines respond like any other structure 

founded in soil.  Loads are induced in the pipeline by the relative movement 
between the pipeline and the soil.   

 
 The Pipelines Sub-group was set up with the objective of trying to quantify the 

damage to buried pipelines subjected to earthquake and if possible to determine 
the threshold at which damage would occur.  The brief for the sub-group is 
included in Appendix AX1. 

 
 The study involved a literature search to determine the information available from 

previous earthquakes and research on the response of buried pipelines subjected 
to ground shaking, fault movements, tsunami and liquefaction. 

 
 It was soon found that the case history information available from previous 

earthquakes was in conflict not only between different earthquakes, but also 
within regions subjected to the same earthquake. 

 
 It was also apparent that there was no internationally agreed terminology for 

reporting seismic damage to buried pipelines.  It is hoped that the work of the 
Group will lead to an agreed basis for reporting such damage. 

 
 While considerable effort and resources have been expended in New Zealand on 

research into the earthquake resistance of buildings and bridges, and particularly 
components of reinforced concrete, structural steel and timber, little or no 
research has been carried out on the response of pipelines.  More work is 
required in this area. 

 
 It is expected that as a result of the study, the problems identified as requiring 

research will stimulate interest in this field. 
 
 
B10.2 Earthquake Hazards to Buried Pipelines and Cables 
 
 In general there are six possible events in which seismic damage can be caused 

to buried pipelines and cables.  These are: 
 

• Movement and rupture or displacement along a fault which the pipeline 
or cable crosses. 

 
• Soil liquefaction resulting in spreading, lack of support for pipelines and 

buoyancy effects. 
 
• Landslides leading to overloading or displacement of pipelines or lack of 

support. 
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Figure B10.1: Assessment of Damage to Buried Pipelines 
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• Tsunami, resulting in the removal of cover and/or buoyancy effects. 
 
• Differential movement at soil transition zones, bridge abutments, cut and 

fill junctions etc. 
 
• Damage due to ground shaking. 

 
 These contributions to total damage are shown in Figure B10.1. 
 
 In general, the following indicators of the extent of seismic damage to buried 

pipelines apply: 
 

• Pipelines in the transition zones between different soil types suffer most 
damage. 

 
• Pipelines suffer more damage in soft soils than in firm soils. 
 
• Damage to pipelines is related more to velocity than ground acceleration. 
 
• Critical geological conditions are fault movement, soil liquefaction and 

landslides. 
 
• The movement of a pipeline relative to the surrounding soil, due to 

ground shaking, is small. 
 
• Flexible pipelines suffer less damage than rigid pipelines. 
 
• The amount of damage to mains can be related to the number of branch 

and service lines although this is disputed by some researchers. 
 
• Damage is usually greater in pipelines parallel to the direction of wave 

propagation. 
 
• Damage can be related to the age of the pipeline and to any existing pipe 

defects. 
 
 
B10.3 Buried Pipeline Failure Modes 
 
 The modes of failure of pipelines subjected to earthquakes can be summarised as 

follows: 
• Axial type failures , for example, tension or compression causing joint 

pull-out, crushing or wrinkling of pipe walls and joints. 
 
• Beam type failures such as bending and shear failures, circumferential 

cracks etc. 
 
• Bursting (in water and oil lines) due to overpressures -may be indicated 

by longitudinal cracks and holes. 
 
• The influence of corrosion in ferrous pipes and aging on jointing 

materials. 
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• The interaction of branch and service connections. 
 
• Flotation leading to pipe sagging. 
 
 

B10.4 Types and Properties of Pipelines Used in the Wellington Region 
 
B10.4.1 Introduction 
 
 Pipelines of many types and materials with various jointing systems are currently 

in service in the Wellington region.  This includes pressure pipelines for water, 
gas and rising mains for sewage.  It is also true for drainage pipelines, both 
sewerage and stormwater systems. 

 
 The various pipe systems perform quite differently under seismic attack.  The 

performance is dependent on a number of factors including the materials, the 
jointing system and the age/condition of the pipe. 

 
 In this section, the mechanical properties and relative costs of the various pipe 

materials are compared and some comments are made on the available jointing 
systems. 

 
B10.4.2 Pressure Pipelines 
 
 Types in Service 
 
 The range and types of pressure pipelines for water, gas and sewerage currently 

in service in the Wellington region are set out in Table B10.1. 
  

 Many of the pipe types given in Table B10.1 are no longer available and the 
limited service life of some others has resulted in a reduction in their use. 

 
 Pipe types and materials currently available in New Zealand for new work, or 

replacement or repair of existing pipelines, are listed in Table AX3.1 of Appendix 
AX3.  Some of the materials listed are not yet in use in the Wellington region. 

 
 The mechanical properties of the pipe materials are summarised for comparative 

purposes in Table AX3.2 of Appendix AX3. 
 
 Usage, Performance and Reliability 
 
 The following comments on specific pressure pipe material types and jointing 

systems is based upon local experience with usage, performance and reliability. 
 
 A guide to the relative cost of pipes of different materials is given in Table AX3.3 

of Appendix AX3. 
 
 DUCTILE IRON PIPES: 
 
 Ductile iron pipes, up to 750mm in diameter, have been used in the Wellington 

region for water reticulation (both trunk and distribution mains) and also for sewer 
rising mains.  The jointing system used is the "Tyton" rubber ring joint.  This 
system offers no resistance to joint "pull out". 
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Table B10.1:  Pressure Pipe Types and Diameters in Service 
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 A number of jointing systems are available which provide longitudinal restraint 

and still provide for significant movement both axially and angularly.  These are 
discussed in more detail later. 

 
 No record has been found of failure due to buckling caused by compression of 

the line and bottoming out of the socket.  Ductile iron pipes with restrained joints 
have remained in service even when landslips have left a pipeline exposed and 
hanging as a catenary. 

 
 STEEL PIPES:  CONCRETE LINED 
 
 Concrete lined steel pipes are used for water reticulation and pumped sewage.  

Kwiklay ring jointed and gibault jointed pipes are subject to "pull out" as for ductile 
iron.  Fully welded steel pipelines are likely to be the most reliable in an 
earthquake situation.  Buckling caused by compression or bending may destroy 
the concrete lining but the pipe should retain its water carrying integrity.  Large 
pipes, double lap welded inside, may reduce  the tendency for buckling. 

 
 POLYETHYLENE PIPES 
 
 Polyethylene pipes are available in three different densities, Low, Medium and 

High.  Use of the Medium and High density pipes is increasing while Low density 
pipe is now almost entirely confined to agricultural applications. 

 
 Polyetheylene pipes are used mainly for consumer connections and rider mains 

in diameters up to 50mm nominal bore.  Over the last five years or so, the 
availability of larger diameters has generally been limited to HDPE but more 
recently, MDPE has been used for distribution water mains and pumped sewage.  
The use of MDPE overseas has been increasing, with diameters of 800mm in 
service. 

 
 Polyethylene pipes have end load bearing joints (of necessity) and can be 

expected to perform more reliably in soil deformation situations than other plastic 
pipes.  The preferred jointing system is a fusion process, either butt or socket 
fusion.  Both of these processes, when properly carried out, result in a joint which 
is as strong as the pipe itself.  Mechanical jointing systems are available for PE 
pipes, but as yet, reliable mechanical joints which have adequate end load 
bearing are not available for pipes with an outside diameter (OD) greater than 
250mm.  This factor has a bearing on the ease of carrying out repairs as fusion 
joints require dry conditions.  

  
 ACRYLONITRILE BUTADIENE STYRENE PIPES: 
 
 ABS pipes are generally used in specialised applications such as sewage 

pumping stations, water treatment plants, industrial applications and bridge 
crossings where the extra cost is justified.  Most ABS pipelines are solvent 
cemented and the joint is generally as strong as the pipe itself. 

 
 ABS pipes and formed bends can be used for "specials" in µPVC and AC 

pipelines.  These "specials" can be cemented together on site to suit.  ABS pipes 
can also be connected and repaired using conventional gibault and similar 
mechanical joints.  At this time, a "bell and spigot" type of joint is not available. 
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 ABS pipes which have been solvent welded could be expected to perform under 

soil movement almost as well as polyethylene. 
 
 POLYVINYL CHLORIDE PIPES: 
 
 µPVC pressure pipes are used for distribution watermains, consumer 

connections, rider mains and sewage rising mains.  In spite of a rather variable 
service record in some countries, µPVC is regularly used for trunk water mains of 
600mm diameter and larger in the UK and in Europe.  375mm diameter trunk 
mains are in service in some parts of New Zealand. 

 
 Examples of µPVC pipes which failed in the 1990 Philippines earthquake showed 

circumferential cracking at the socket root caused by excessive internal pressure, 
"over-insertion" or a combination of these two resulting from the ground 
movement.  Well processed µPVC pipe has been shown to resist this type of 
cracking and could be expected to perform much better in an earthquake 
situation than poorly processed pipe. 

 
 Rubber ring jointed pipes will not resist joint "pull out" and µPVC pipes of this type 

should not be used in areas where landslide, soil deformation or liquefaction is 
likely. 

 
 Provided joint "pull out" does not occur, PVC pipelines have shown the ability to 

provide reliable service under such conditions. 
 
 GLASS REINFORCED PLASTICS: 
 
 GRP pipes are not commonly used in New Zealand.  GRP is available from 

Australia in diameters from 375 to 1200mm for pressure purposes.  The uses for 
GRP are trunk and high pressure water mains and sewer rising mains. 

 
 Specific chemical resistance can be provided by the choice of resin used in the 

pipe manufacture.  The jointing system is "bell and spigot".  GRP pipelines can 
be expected to perform in a similar manner to other ring jointed, flexible pipes as 
far as ground movement is concerned. 

 
 COPPER PIPES: 
 
 Copper pipe is used extensively for consumer connections and riser mains in 

some areas although its performance can be variable.  In some ground/water 
conditions, the lifetime of copper pipes can be even less than galvanised steel.  
Copper pipes can be expected to perform in a similar manner to galvanised steel 
with respect to soil movement although the cost of the pipe (approximately ten 
times the cost of µPVC and Polyethylene in the smaller sizes) may eventually 
see this product eliminated. 

 
 SCREWED, GALVANISED STEEL PIPES 
 
 The use of screwed steel pipes in municipal reticulation has been reducing due to 

the relatively short lifetime of this material (generally no more than 30 years).  
Many lines are still in service as consumer connections, rider mains and fire 
sprinkler connections. 
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 Pipe Connections 
 
 A significant number of failures occur at connections to mains where the relative 

movement of the main and the connection cannot be accommodated.  In the 
case of galvanised iron or copper service pipes, the screwed or brazed joint in 
the service pipe may fail.  Where mains are of a "brittle" material and the 
connections are of steel or copper the main may fail at the connection, especially 
if the connection is directly tapped into the main. 

 
 The most flexible pipe should be used for connections so that the relative 

movement is absorbed within the connection pipe and not transferred into the 
main or the tapping saddle.  To assist this it is worth considering the use of a 
"loop" of PE pipe at the connection, accommodated within the main pipe bedding 
material. 

 
 µPVC is not as suitable as PE for connections as it does not offer as much 

flexibility and will not tolerate any significant stretching. 
 
 
B10.4.3  Drainage Pipes 
 
 Types in Service: 
 
 The variety of pipe materials and diameters in service in the drainage system of 

the greater Wellington region is given in Table B10.2 below. 
 
  Types available 
 
 There are a number of alternative materials available which do not appear on the 

above list but which can be expected to become more common in the future.  
These are listed in Table B10.3. 
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Table B10.2 :  Drainage Pipe Types and Diameters in Service 
 

 
 

Table B10.3 : Alternative Drainage Pipe Materials and Diameters Available 
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B10.5 Seismic Performance of Pipelines 
 
10.5.1  Introduction 
 
 Field observations of damage to buried pipelines in past earthquakes indicate a 

wide range of performance, even of similar pipes in apparently similar situations.  
Nevertheless, evidence shows that certain pipe/joint systems perform better than 
others.  This Section examines the likely seismic performance of pipe/joint 
systems commonly used in New Zealand. 

 
10.5.2  Pipe Joint Design Considerations 
 
 Before making assessments of seismic performance of buried pipelines, it is 

useful to review general design considerations. 
 
 The required performance of a pipe/joint system will depend on the particular 

design considerations and earthquake performance of buried pipelines can be 
significantly enhanced by full consideration of the following factors, and selection 
of a pipe/joint system to suit: 

 
• Route location 
 
• Seismicity of region 
 
• Soil types and the influence of seismic waves 
 
• Susceptibility to permanent ground deformation (PGD) 
 
• Ductility category of pipe/joint system 
 
• Strategic importance of the pipeline 

 
 Equally, assessment of the performance of an existing pipeline requires 

consideration of these factors, together with reports from past earthquakes. 
 
10.5.3 Assessment of Seismic Performance of Pipe/Joint Systems 
 
 One of the principal tasks of the Buried Pipeline Sub-group was to research past 

behaviour and provide guidance on the likely performance of various types  of 
pipe available in New Zealand. 

 
 This task was done initially to assist the Civil Services and Gas Task Group in its 

vulnerability assessments, and was later extended and condensed into a 
convenient form (refer to Table B10.4 in which each pipe/joint type has been 
classified in terms of its ductility).  Table B10.4 should serve a useful purpose in 
the initial selection of pipe/joint systems, depending on their importance and site 
conditions. 

 
 It is clear that the ductility of the pipe/joint system is a critical parameter.  

Whereas on the one hand ductile systems perform best, on the other, brittle 
systems  cost less.   Careful selection is thus required to achieve cost-effective 
earthquake resistance. 
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 Selection of ductile (Category 1) pipe/joint systems is considered highly desirable 
for all important installations, especially those in higher risk seismic zones and 
areas susceptible to PGD (permanent ground deformation).  However, even those 
systems have limitations in severe PGD zones such as fault areas. 

 
 Lower ranked pipe/joint systems (moderately ductile or brittle) may perform 

satisfactorily in firm soil zones away from PGD areas.  Economic considerations 
balanced against seismic risk may justify their use.  Some damage should be 
expected with moderately ductile (Category 2), and brittle (Category 3) pipes 
during major earthquakes and this should be allowed for in planning. 

 
 In moderately ductile pipe systems (Category 2), increased damage due to 

crushing is likely and the risk of pull out is significant.  Pipe joint systems in this 
category can perform satisfactorily if ground conditions are favourable. 

 
 Brittle (Category 3) pipe joint systems should be avoided wherever possible, 

except in firm soils and rock.  If they are used, contingency plans should be 
prepared for likely damage. 

 
 Category 4 (very brittle pipe/joint system) covers other unusual systems such as 

brick lined conduits.  Brick lined systems are not likely to be used in modern 
practice.  Where they do exist however, severe damage can be expected, 
particularly in soft and medium soils. 

 
B10.5.4  Performance of Pipe/Joint Types 
 
 The following comments provide further background for selection/assessment of 

pipe/joint types for seismic resistance. 
 
 Steel pipe has a high resistance in most situations if pipe lengths are butt welded 

or otherwise connected such that the joint is stronger than the pipe section.  A 
weakness of such continuous steel pipe, particularly when concrete lined, 
however, is that buckling may occur resulting in damage to corrosion protection.  
Corrosion and loss of wall section before an earthquake event may reduce the 
seismic performance of steel pipes. 

 
 The use of screwed galvanised steel pipes in municipal reticulation has been 

reducing due to the relatively short life expectancy (generally no more than 30 
years).  Screwed steel pipes do not perform well in earthquakes, with failure 
occurring at the exposed threaded end. 

 
 Kubota ductile iron pipes with Kubota seismic joints, which provide for free 

push-pull axial movement of up to 1% of the pipe length and also provide restraint 
against pull out, are considered suitable for all applications.  Performance of these 
pipes has been demonstrated in actual earthquakes in Japan and give confidence 
when used in the system.  Cost may, however, limit use. 

 
 MDPE and HDPE pipes have end bearing joints (of necessity) and coupled with 

a low modulus of elasticity, they can be expected to perform more reliably than 
other types of plastic pipes in an earth movement situation.  The preferred jointing 
system is a fusion process carried out by either butt or socket fusion.  Both of 
these processes when properly carried out result in a joint as strong as the pipe 
itself. 
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Table B10.4 :  Assessed Seismic Resistance of Pipe/Joint Systems 
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 Mechanical jointing systems are available for Polyethylene pipes but, as yet, 

mechanical joints which have reliable end bearing are not available for pipes 
greater than 250 mm OD.  An advantage of the mechanical joint is that post 
earthquake repairs can be carried out without the need for completely dry 
conditions (i.e. no valve leakage). 

 
 ABS pipes may be cemented together on site or connected or repaired using 

conventional gibault and other similar mechanical joints.  ABS pipes which are 
solvent welded may be expected to perform almost as well as PE.  ABS pipes are 
generally used at specialised locations such as sewage pumping stations, water 
treatment plants etc. 

 
 Steel and ductile iron pipe with seismically restrained seismic joints (yielding 

bolts attached to pipe joints) are considered suitable for fault crossings provided a 
logical capacity design approach is followed. 

 
 Ductile iron pipe has been used in sizes up to 750 mm diameter.  The "Tyton" 

rubber ring is generally used with ductile iron pipes in New Zealand.  This system 
offers no resistance to pull out and most failures have been due to ground 
movement. 

 
 The quality of µPVC pipe manufacture may influence seismic performance.  In 

the 1987 Edgecombe earthquake µPVC pipes performed well and very much 
better than asbestos cement and ceramic pipes in the soft soils.  Provided joint 
pull-out or compaction does not occur, µPVC pipes can give reliable service in 
earthquake conditions. 

 
 Glass reinforced pipes (GRP) are not commonly used in New Zealand.  When 

GRP is used, the jointing system is bell and spigot and performance may be 
expected to be similar to other comparable systems. 

 
 Seismic performance of segmented HDPE, µPVC, steel and ductile iron pipes 

may be improved with specific design and purpose manufacture of the bell and 
spigot joints.  In one design the bell is made longer than is normal practice and 
the spigot is not fully inserted.  This permits free push-pull axial movement at the 
joint and is expected to prevent generation of high axial stresses in pipe walls.  
Probability of pull-out is reduced in comparison with normal pipe designs but it 
may still occur in PDG zones. 

 
NB: Examples of joint types in use are given in Appendix AX3.  Amongst these 

a ductile iron pipe joint is shown with an extended bell.  The principle can 
be extended to ceramic and other pipes to improve their performance.  
This is being investigated further. 

 
B10.5.5  Summary and Conclusions 
  
 Fully ductile pipe/joint systems (Category 1) are preferred especially in soft soils, 

PGD areas and for important pipelines.  Moderately ductile pipe/joints (Category 
2) may perform satisfactorily in medium and firm soils particularly if specific 
design is carried out. 

 
 Brittle pipe/joints (Category 3) such as ceramic pipes may perform satisfactorily in 
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firm soils and rock where care is taken to use more ductile pipe/joint systems at 
soil zone transitions, anchorage points, etc. 

 
 
B10.6 Vulnerability Analysis of Pipeline Systems 
 
 In order to produce a vulnerability statement for a lifeline system, it is necessary 

to assess the performance of the components of the system when subjected to 
the relevant earthquake hazards.  Ideally, the assessment should be on a 
probabilistic basis and reflect the importance of the earthquake hazards to the 
particular component. 

 
 Eguchi (1984) in Reference 10.2 identifies three methods which in general can be 

used in carrying out a component vulnerability analysis.  These are: 
 

• Qualitative 
• Empirical 
• Analytical 

 
 In this study the qualitative method has been used by most of the Task Groups to 

produce a vulnerability statement based upon the best judgement of the Task 
Group members. 

 
 The empirical approach, based upon observations from past earthquakes, has 

been used in some studies to assess the performance of various pipeline 
materials and fittings. 

 
 Considerable caution however, needs to be used in applying the experience from 

one earthquake prone region to another because of differences in materials, 
practice and workmanship, as well as variations in interpretation of the damage 
reported.  

 
 Table B10.5 has been prepared to assist in the assessment of the vulnerability of 

various pipelines during this project.  This table is based partly on the quantitative, 
partly on the qualitative and partly on the empirical method.  It gives a basis for 
damage vulnerability assessment for various levels of peak ground acceleration 
including pipelines crossing faults.  Various categories of pipeline/joint ductility 
from fully ductile to very brittle are included.  The table is adapted from a similar 
table prepared by Eguchi (1984). 

 
B10.7 Post-Earthquake Damage Assessment 
 
 In order to assess vulnerability and possible extent of damage to pipelines from 

seismic events it is necessary to rely on reports and records of damage from past 
events.  To be useful these need to relate the nature of the damage to pipe types 
(materials, sizes, joint type, age, etc.) and to soil conditions. 

 
 A literature search for this revealed a major problem.   There was no consistent 

terminology for reporting seismic damage to buried pipelines.  Eguchi (11984) and 
Katayama and Isoyama (1980) have presented results but only the broadest of 
comparisons can be made. 

 
 It is important that a consistent mode for recording seismic damage to buried 
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pipelines be adopted internationally for future events.  The following chart, Table 
B10.6 - Buried Pipeline Damage Record, is proposed as the basis for a standard 
reporting form.  It is hoped professional organisations involved with sending 
inspection teams to earthquake zones will adopt such a form for reporting. 

 

 
 

Table B10.5 Buried Pipelines - Damage Vulnerability Assessment Chart 
 
 
B10.8 Earthquake Response Planning for Buried Pipelines. 
 
 The key to effective disaster management is pre-disaster planning and well-

trained personnel. 
 
 Pre-disaster planning includes, but is not limited to the following: 
 

• The extent to which the pipeline network has been planned, designed 
and constructed to reduce the risk of damage in an earthquake. 

 
• The redundancy of the network and the ability to restore services on a 

temporary or normal basis. 
 
• The resources available in trained manpower, spares and equipment. 
 
• The spares and stocks of pipe held within the region and the 

interchangeability between networks. 
 
 Recovery after an earthquake takes far longer than expected and everything that 

can be done towards standardising of repair methods and techniques will be of 
value during the response and recovery phases.  If servicemen from other 
authorities are used to assist with repairs, they will be much more effective if they 
are familiar with the materials they are handling. 

 
 There is not likely to be a significant difference in the cost of the preparatory work 

and surface restoration among repairs on different types of pipes, but the lack of 
specialised equipment, skilled labour and expensive fittings or pipes, may delay  
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Table B10.6  Buried Pipeline Damage Record (Part 1 of 2) 
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Table B10.6: Buried Pipeline Damage Record (Part 2 of 2) 
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 the restoration of services and add unnecessarily to the costs of the recovery 
phase. 

 
 The interchangeability of pipes of different materials, even of the same internal 

diameter (ID), but of different outside diameter (OD) is a well known problem 
requiring the use of a range of joints and adaptors for repair works. 

 
 The growing use of plastic pipes has resulted in the introduction of a number of 

additional OD's, often for one "nominal" ID.  Metric ductile iron pipe will also add to 
the range of diameters for a given nominal size. 

 
 While it would seem reasonable to try to "standardise" materials and sizes, the 

economics of reticulation maintenance and renewal works will usually be the final 
and deciding factor. 

 
 The range of outside diameters of pipes in service within the Wellington region are 

shown in Table AX3.4 of Appendix AX3 and are included for information. 
 
 The exact OD of some of the pipes in service is unknown, and in some instances 

even the nominal diameter is not known with certainty, especially where the pipe 
diameter changes along the length of some streets. 

 
 With the growing trend towards rehabilitation of existing pipes, the practice of 

lining mains with plastic pipes of the largest possible diameter will result in further 
"unusual" diameters of pipes in service. 

 
 However, any similar sized pipe material can be used to effect permanent repairs 

on any pipe provided the appropriate adaptor joints are available.  This fact should 
be borne in mind in assessing what stock should be carried.   
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B11. Interdependence of Lifelines 
 
 
B11.1 Introduction 
 
 The interdependence of one lifeline upon another, or several others, is implicit in 

many of the assessments made as to vulnerability and the speed with which 
services can be restored.  An obvious example is that telecommunications rely on 
electricity, either mains or standby, for continued full operation.  Standby 
electricity relies in turn on adequate supplies of fuel being available, either on the 
site of the generator or within viable access.   

 
 In spite of these dependencies, interdependence of lifelines as such appears to 

have received little attention.  As part of this project, an attempt was made to 
analyse the relative dependence of one lifeline upon another in a basic way.  At 
the very least it was felt such an attempt would identify suitable methodologies 
and perhaps some trends.   

 
 
B11.2 Interdependence Assessment 
 
 As with the remainder of the project, the focus was on Wellington's lifelines. 

Assessments were made for interdependence in two separate situations: 
  

• the first week after the earthquake 
• the first month after the earthquake 

 
 Assessments were made as to whether dependence was high, moderate or low 

or none at all, and was set out in tabular form as shown in Table B11.1 and 
B11.2. 

 
 This tabulation gives a succinct indication of interdependence of lifelines.  The 

inclusion of the rating zero, 1, 2 or 3, enables totals to be compiled both 
horizontally and vertically.   

 
 The totals of the vertical columns can be expected to give a measure of 

dependence of that particular service on other lifelines.   
  
 The totals of the horizontal columns can be expected to give some indication of 

importance and priority to be given in reinstating particular lifelines.  No particular 
precision is claimed regarding the numbers in these tables, but they do highlight 
some interesting factors, and by virtue of their set-out, prompt further analysis of 
possible interdependence.   

 
 Amongst the totals of the vertical columns, it is interesting to note the following: 
 

• Building services, not surprisingly, are consistently and highly dependent 
on other lifelines. 

 
• Air transport is also seen to be highly dependent on other lifelines, 

particularly electricity, telecommunications and roading.  Roading access 
is necessary for large machines to repair the airport runway.   
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Table B11.1: Interdependence of Lifelines: First Week After Earthquake 
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Table B11.2: Interdependence of Lifelines: First Month After Earthquake 
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• Broadcasting is also highly dependent on other services, but few, if any, 
services are dependent upon it.   

 
• Water supply is dependent upon several other lifelines which 

automatically makes those important, since water supply is vital.   
 
 
 Examination of the totals of the horizontal rows highlights the following: 
  

• Equipment is indicated as being of paramount importance.  Certainly, it is 
different equipment for each different lifeline, but this analysis highlights 
the reliance placed on any equipment, and the resultant need to 
safeguard it from earthquake damage.  Generally this can be done very 
cost-effectively. 

 
• In the case of roading, the figures confirm its importance. Without 

reasonable road access, necessary repairs and reinstatement will not be 
possible.   

 
• The importance of standby electricity, especially in the first week after the 

earthquake, is also highlighted.   
 
• The importance of fuel supply for standby electricity generation, road, rail 

and air  transport is important, especially in the early stages.  
Storage facilities must have sufficient capacity and must be secure.  

   
 In order to obtain a combined measure of the importance and interdependence of 

each lifeline, a Priority Factor was computed.  This was simply the sum of the 
vertical totals and the horizontal totals.  Those with high values are both important 
and highly dependent upon other lifelines.  Results serve to underline the priorities 
which should be given to roading, water, telecommunications, electricity and 
equipment. 

 
 Differences between Table B11.1 (first week) and Table B11.2 (first month) are 

relatively small.  Attention is drawn to the following: 
 

• Water supply can be expected to increase in importance with time, as 
premises run out of on-site storage. 

 
• Standby electricity can be expected to reduce in importance with time as 

mains electricity is restored. 
 
• The critical importance of VHF radio can be expected to drop off with 

time but it remains highly important. 
 
• Broadcasting likewise can be expected to become less critical once a 

basic service is restored. 
 
• Sea transport can be expected to become more important with time, as 

the demand for equipment spares and materials builds up. 
 
• The dependency of the telephone network on other lifelines shows a 

significant decrease with time. 
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 The computation of the Priority Factor automatically includes those with high 

dependence but of relatively low importance, such as building services, 
broadcasting and air transport. 

 
 Perhaps the most important aspect of these charts is that their use and 

preparation proved a valuable analytical tool in identifying key aspects on the 
interdependence of lifelines.  It is not so much the resulting numbers but the 
issues highlighted in the process of making the assessments.  

 
 The Committee of Task Group Leaders collectively determined the numbers in 

Table B11.1.  The interaction of members with their difference perspectives and 
range of detailed knowledge produced a lively session.  Broadcasting, for 
example, was initially assigned low importance when its impact on lifeline 
hardware was considered.  But broadcasting was then recognised as important in 
relaying advice to the public about the safety of using of lifelines immediately after 
an earthquake. 

 
 This methodology of quantifying interdependence has not been used before, but it 

offers a valuable tool available to other regions and cities.  Much information and 
insight can be gained when a group of experts covering all lifelines determines the 
numbers to be inserted in the Tables. 

 
 
B11.3 Interdependence to Recovery 
 
 Table B11.3 shows assessments made by each utility on rate of recovery and 

restoration of normal services.  Assessments focus on: 
 

• Recovery of basic service and control 
• Restoration of 50% of service 
• Restoration to normal service 

 
 Comment is made as to critical aspects and interdependence on other lifelines.  

For example, water supply may not be available for up to 7 days, due to lack of 
electricity.  This highlights the need for closer consultation between these two 
lifeline organisations and a closer look at provisions for standby power. 

 
 Another example is the effect of unusable railyards on sea transport.  Although 

the inter-island ferries are not totally dependent on rail transport, it is an important 
aspect.  This analysis highlights the need to ensure that a viable recovery plan is 
devised which allows this important link to function even though the railyards are 
not fully restored.  Higher priority may be needed for this area which is a transport 
bottleneck.  (In fact, New Zealand Rail's Safety and Risk Management Unit 
recognised the importance of this area in commissioning a detailed study of the 
liquefaction potential of this critical area.   (Refer to Section B8.4). 

 
 Broadcasting services are assessed as regaining control in 6 hours.  Dependence 

of electricity is highlighted, and requires closer examination.  Standby generation 
is general at remote sites which could be inaccessible by road. 
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 Conclusion 
 

The procedures and tabulations set out above have emerged from considerations 
on this project and have proved valuable in assisting the analysis of vulnerability 
and recovery of lifelines, and in highlighting the relative importance of them.  This 
simple method is recommended for application by those in other similar situations 
as providing valuable insights into the performance, vulnerability and 
interdependence of lifelines following an earthquake.  
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Table B11.3:  Recovery of Service - A Preliminary Assessment of 
the Time to Recover Following a Major Event (Wellington Fault) 
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Section C:  Conclusions & 
Recommendations 
 
 
 
 
 
C1 General 
 
 
C1.1 Achievements and Conclusions 
 
 The project achieved its overall objectives: 
 

• Vulnerability to lifelines were determined 
• Practical mitigation measures were identified 
• Awareness of lifeline earthquake engineering issues was 

raised 
 
 Principal conclusions were: 
 

• Wellington's lifelines are particularly vulnerable to earthquake 
forces, especially those produced by the Wellington Fault 
Event. 

 
• The Wellington Fault Event has a significant probability of 

occurrence and its potentially damaging effects demand 
proper engineering considerations. 

 
• Practical and cost-effective measures are available to reduce 

the impact of a major earthquake in Wellington. 
 
• There is need for a continuing awareness and consistent 

resolve by lifeline operators to address seismic hazards.  This 
applies to all levels - political,  management, conceptual 
design and detailed engineering. 

 
• There is a need to look more closely at the vulnerability of 

lifelines concentrated in the Thorndon area. 
 
• There is a continuing need for more information on seismic 

and geotechnical hazards in the region. 
 
• Preparation of Disaster Response Plans is a valuable first step 

in identifying the need for and priority of engineering mitigation 
measures. 

 
• Key bridges require urgent and more detailed investigation to 

determine and prioritise mitigation measures. 
 
• On-going co-operation between lifeline operators and other 

affected parties is needed, particularly to examine the 
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interdependence of lifelines.  The interaction between these 
organisations will produce valuable insights into earthquake 
issues and lifelines.  

 
• Other regions can benefit from similar studies and projects.   

 
 Particular achievements included: 

 
• Compilation of 8 lifeline inventories for the Wellington region 

and their storage on a computer database to a common scale. 
 
• Compilation of a geologic and seismic hazard database, in 

relation to the above lifelines. 
 
• Vulnerability assessment of each lifeline to the earthquake 

hazards in the region. 
 
• Preliminary identification of mitigation measures for each 

lifeline. 
 
• A unique assessment of lifeline interdependence by means of 

a tabular, numerical evaluation. 
 
• A significant raising of awareness of the public and private 

sectors concerning the importance of lifelines and the fragility 
of the infrastructure in the Wellington region.  Interaction 
among different lifeline operators and managers was a vital 
aspect of this.  

 
• Involvement of key personnel representing owners and 

responsible agencies in recognising the hazard, in identifying 
vulnerabilities, and in preparing mitigation strategies. 

 
• Recognition of the value of engineering input at all levels: 

management, conceptual design and detailed engineering. 
 
• Motivation of lifeline organisations to look more closely at 

seismic issues. 
 
• Compilation of valuable resource material on Wellington's 

lifelines which will serve as a basis for more detailed work.  
This included:  
 - A methodology for detailed vulnerability assessment. 

(Section A3) 
 - A damage assessment chart for structures, fixings and 

pipelines.  (Figure A3.1) 
 - A pipeline damage record form/check list. (Table B10.6) 

 
 An exceptional amount of valuable information has been brought 

together on both the Hazards and the Lifelines in Wellington.  The 
very fact that it has been brought together in a common format is 
certain to prove beneficial in future.  No ready reference to these 
aspects was previously available.  
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 Many issues were highlighted through the course of the project, notably 
the definition of overall hazards and their effects on lifelines and 
the variation of performance with soil and topographical situations.   

 
 The use of vulnerability assessment charts proved invaluable in 

identifying key areas of concern.  The application of a grading system 
required considerable judgement, and although no great precision was 
claimed, the process of review and assessment of grading number was 
in itself valuable.   

 
 Preliminary identification of mitigation measures was achieved.  

Some valuable information was obtained and viable approaches 
identified for addressing these needs.  It was seen that much could be 
achieved by overall review of a system to identify and prioritise 
mitigation measures.  Individual lifeline organisations wished to 
examine their own systems.   

 
 The analysis of interdependence of lifelines produced some solid 

information on their relative importance, but again, the value was as 
much in the process of assessing the degree of interdependence as in 
the resulting numbers.  Some surprising interdependencies emerged 
only after discussion among all personnel on the various affected 
lifelines.  This explicit review of interdependence and its quantification 
in tabular items proved a worthwhile innovation. 

 
 One of the most successful features has been the involvement of a 

wide range of professionals from the scientific, engineering and 
service authority backgrounds.  They have communicated well together 
and came to realise the need for further action by each organisation 
responsible for lifelines.  As a result of this wide involvement, the 
chances of effective follow-up action by service authorities is greatly 
increased and in fact some have already commenced more detailed 
reviews of their own systems.   

 
 The project has been successful in raising the awareness of many 

affected people, and in providing a data base of information about 
Wellington's lifelines and the hazards they face.   

 
 The involvement of senior lifeline managers and some local councillors 

brought to light the need for engineers to describe proposed 
mitigation measures in terms which could be understood by 
elected councils or boards of directors in the context of their overall 
responsibilities. 

 
 Many engineers involved in the project welcomed the wider view of 

seismic risk which the project encompassed.  They had been used 
to seeing almost all effort directed to buildings and structures.   

 
 Movement on the Wellington Fault was, of course, important but many 

other significant hazards were identified which were associated with 
earthquake shaking.  These included landslides and liquefaction.  The 
assembly of the Hazard Map provided lifeline organisations with a 
comprehensive appreciation of the nature and extent of earthquake 
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induced effects.  Many representatives of lifeline organisations were 
unaware, prior to the project, of the extent to which such hazards 
existed.   

 
 The bottle-neck situation at Thorndon was dramatically highlighted, 

particularly in discussion at the Workshop where the importance of this 
area became clear as Groups compared conclusions.  Vital road and 
rail transport pass through the area, with access to the ferry terminal.  It 
contains elevated motorway structures which are vulnerable and gave 
rise to concern.  Already, NZ Railways have commissioned a study and 
report on the Thorndon area which includes the vital railyards.   

 
 Many of the region's bridges require closer investigation and 

possibly strengthening.  Not only are they vital transport links, but many 
carry essential lifeline services. 

 
 Perhaps the most important conclusion from the project is that 

information exists for lifeline organisations to assess 
vulnerabilities, make loss estimates, determine mitigation 
measures and allocate priorities.  This can help achieve cost-
effective and worthwhile reduction in their exposure to earthquake risk.  

 
 
C1.2 Recommendations 
 

i) All organisations with significant lifeline assets should formulate 
earthquake preparedness plans to help minimise the overall 
impact of a major earthquake.   

 
ii) To do this they must establish clear goals in regard to their 

functional capability in the period following a major earthquake, 
and establish a formalised approach to mitigation. 

 
iii) The importance of implementation of mitigation measures must 

be given due recognition.  Data exists for sensible review of 
options, costs and priorities.  Each lifeline organisation should 
use it to review their vulnerability and to determine cost-
effective mitigation measures. 

 
iv) Each organisation responsible for a lifeline must examine its 

situation on an on-going basis, assessing issues and priorities.  In 
particular each organisation should address issues at 
management, conceptual design and detailed engineering 
levels.   

 
v) Attention must be paid to planning, engineering and research: 
 

• Planning is required to achieve redundancy, flexibility, back-
up facilities and fail-safe operation.   

 
• Engineering is required to assign priorities, strengthen critical 

elements and develop codes of practice and increase 
awareness generally. 
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• Research is an essential on-going tool which provides the 
valuable data on which day-to-day decisions can be made.   
This applies particularly to better estimation of earthquake 
hazard, and to zones of liquefaction potential around the 
region. 

 
vi) The adequacy and earthquake robustness of Wellington's fire 

fighting resources should be examined.  Greater security and 
diversity of water supply is needed.  Consideration should be 
given to providing fire boats and flexible hose systems using fresh 
or sea water. 

 
vii) A special multi-discipline examination of the Thorndon Quay area 

should be implemented. 
 
viii) Key bridges, particularly Silverstream and Hutt Estuary, should be 

analysed in detail for seismic performance, and 
strengthening/mitigation measures implemented according to the 
priorities determined. 

 
ix) The subject of interdependence of lifelines needs to be 

addressed by each and every authority by careful analysis of 
their own specific needs.  Liaison with other suppliers on a 
regular basis should be maintained covering earthquake and 
other hazards. 

 
x) The involvement of key personnel in the various authorities must 

be continued in some form.  Wellington Regional Council should 
take the lead in promoting the formation of a Lifeline 
Earthquake Engineering Group to ensure that awareness is 
maintained and knowledge developed.   This could be the 
fore-runner of a national organisation.   

 
xi) Lifelines must become an integral part of earthquake 

engineering throughout New Zealand.  The New Zealand 
National Society for Earthquake Engineering, and the various 
organisations who manage lifelines, will also have a contribution 
to make in the formation of this  special group. 

 
xii) Lifeline organisations in other regions should: 
 

• Involve key people in examination of safety issues in 
earthquake with a view to taking sensible and effective action. 

 
• Draw on the approach and methodology used on this project, 

adapting them to suit local conditions.  Even though major 
earthquake faults are not generally present in other main 
centres in New Zealand, the project clearly showed that while 
important, the existence of active faults is not an over-riding 
consideration and there are many other earthquake hazards 
which can adversely affect lifelines.  

 
• Examine the interdependence of their lifelines. 
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• Examine the key issues identified in this project which are 
generally common to other major centres, and apply the 
overall methodologies to other hazards.  

 
• Actively support a New Zealand wide Lifeline Earthquake 

Engineering Group. 
 
 
 
C2 Hazards 
 
 
C2.1 Conclusions 
 
  A comprehensive summary of Wellington's hazards due to earthquake 

has been obtained and described in succinct form with particular 
respect to its effect on lifelines.  This will form a valuable base for many 
other studies of a similar kind and is in a format which can be updated 
from time to time.  Considerable care has been taken to present it in a 
way which is readily comprehended and usable.  

 
 Judgments made in this project are based on the current state of 

knowledge.  The project highlighted the need for further and better 
information on Wellington's soils and seismicity.   

 
 Earthquake probability and risk needs to be described in simple terms 

usable in risk analysis, even though the realities may be far more 
complex.  Effort spent in putting the message in suitable form will be 
well rewarded.  For example, it is more meaningful to talk in terms of 
the probability over a fifty year period than it is to talk about a return 
period of some hundreds of years.   

 
 
C2.2 Recommendations 
 

i) Continuing research is required into the general seismic hazard in 
the Wellington region and into soil data, particularly in areas 
prone to liquefaction or slumping. 

 
ii) A commitment should be made by Wellington Regional Council to 

updating hazard information every five years and presenting it in a 
form suitable for use by practising engineers and lifeline 
organisations.  

 
iii) Further investigation is required to identify the likely extent of 

liquefaction in those zones of soft sediments and fill identified as 
being susceptible. 

 
iv) Further investigation is required into the physical effects of 

liquefaction when it occurs and its impact on lifelines and 
structures and in particular at junctions between these. 

v) Refinement of the location of the major faults through the region is 
required where their precise location is uncertain.  In particular the 
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location of the Wellington Fault through Petone and Thorndon and 
the Ohariu Fault through the Paremata Harbour area are 
important. 

 
 
 
C3 Specific Lifelines 
 
 
C3.1 Water 
 
 Conclusions 
 
 Under the Moderate Regional Event (0.3g base ground acceleration) 

the water system is expected to perform quite adequately with only 
localised disruption to supply and restoration of service to most areas 
within hours. 

 
 Some damage might be expected at the Kaitoke flume bridge and at 

the trestle bridge near the Orongorongo intake.  Lead jointed or 
asbestos cement mains in soft or unconsolidated ground conditions are 
likely to experience some damage. 

 
 Under the Wellington Fault Event it is concluded that all four regional 

supply lines are significantly at risk from the one event.  Because of the 
proximity of the Wellington Fault and the location of the soft sediments 
through Petone and the Wellington waterfront, each line is vulnerable at 
several points along its length.  The probability of each line being 
significantly or even severely disrupted therefore has to be 
contemplated. 

 
 At the district level it can be expected that a significant proportion (30-

40% is suggested) of distribution reservoirs and local networks will be 
disrupted. 

 
 The prospect of reservoirs draining themselves through broken network 

pipes is very real and a response strategy to control this while 
maintaining supply for fire-fighting immediately following an event 
needs to be considered. 

 
 At the local level, buried pipes in firm ground are likely to perform 

reasonably well although it can be expected that the incidence of 
damage to brittle pipe systems will be greater than for ductile pipes. 

 
 In areas of soft soil or soil subject to liquefaction, damage to brittle 

pipes can be expected to be severe. 
 
 Pipes passing through embankments or at junctions or interfaces with 

structures, valve chambers or other soil type represent situations of 
increased vulnerability. 

 
 It is concluded that recovery of a basic water service for priority use 

would take two days following a major earthquake event.  It is noted 
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that to achieve this there is a high dependence on communications (for 
damage assessment), power supply, access and equipment.  To 
restore a 50% service would take two weeks and a return to normal 
service could take twelve months. 

 
 Recommendations 
 

i) The vulnerabilities have been assessed on a relatively coarse 
basis and utility authorities should confirm the findings with more 
detailed investigations where appropriate. 

 
ii) The assessment should be extended to cover the district facilities 

and networks in more detail and ultimately to cover the local 
networks. 

 
iii) The best and quickest return will be obtained by attending to the 

good earthquake "housekeeping" details for exposed pipes, 
pumping stations and facilities.  These include providing fixings 
and bracing for plant, and in particular, for monitoring and control 
equipment and back-up facilities. 

 
iv) Key facilities should be addressed to reduce their vulnerability by 

providing redundancy, by undertaking engineering measures, or 
by planning effective responses to overcome the impact of the 
damage should it occur.  Possible measures are noted in Section  
B1.3. 

 
v) When contemplating development of further water supply facilities 

for the region every effort should be made to locate the supply 
and storage away from the immediate influence of the Wellington 
Fault and the marine sediment areas. 

 
vi) Review the availability of, and storage/distribution facilities for, 

fire-fighting water. 
 
vii) Standards should be set to require ductile pipe systems to be 

used in locations of increased vulnerability to buried pipes. 
 
viii) At points where critical pipes cross the Wellington Fault 

consideration should be given to special detailing measures to 
accommodate a possible 4m fault movement.  Alternatively, 
valving the line either side of the fault could provide for ready 
replacement of the segment following an earthquake. 

 
ix) Consideration should be given to providing back-up power at key 

pumping stations. 
 
 
C3.2 Sanitary Drainage 
 
 Conclusions 
 
 Under the Moderate Regional Event the main sewage systems of the 
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region should not be significantly damaged.  The local networks have 
extensive use of ceramic and asbestos cement pipes.  In areas of soft 
soils and at structure and embankment interfaces these pipes are likely 
to experience significant local damage. 

 
 Under the Wellington Fault Event the major mains and pumping station 

systems will be severely disrupted and local networks will be widely 
damaged. 

 
 In the Hutt Valley, the upper valley twin mains are likely to be disrupted 

by fault movement and severe ground shaking with likely discharges to 
the Hutt River. 

 
 Through the Lower Hutt area, the western main will be severely 

disrupted by fault movement while the Ava pump station, which 
receives this line, is likely to remain operational although there may be 
minimal inflow.  

 
 The eastern main is likely to be less disrupted but the Barber Grove 

pump station it feeds is likely to be disrupted by liquefaction and soft 
soil shaking effects. 

 
 The mains through to the main pumping station and milliscreening 

treatment plant at Seaview are vulnerable to damage from liquefaction 
effects as are the main pumping station and the treatment plant. 

 
 The main outfall is likely to remain serviceable. 
 
 For Wellington the key element is the interceptor main which is likely to 

have failed at several points.  The stormwater system will be important 
to accommodate the overflow from disrupted areas. 

 
 In the lower areas around the waterfront, underground pumping 

stations are likely to be disrupted by severe ground shaking and soft 
soil effects.  Inundation of these is possible and would have major 
impact on electrical equipment.  Collection of sewage in basements 
would result, with ultimate overflow into the harbour. 

 
 It is expected to take up to two weeks to establish temporary control of 

the sewage overflow through the stormwater system following a major 
event, and up to twelve weeks to reinstate a minimum service.  Return 
to normality could take 24 months. 

 
 Recommendations 
 
 The general recommendations of Section C3.1 for water apply also to 

this section.  In addition it is recommended that those responsible: 
 

i) Identify points in the sewage mains or interceptor which are likely 
to be disrupted and make provision for handling the overflow.  
Plan to manage sewage flows around damaged sections so as to 
minimise public health risk.  Provide for use of available 
stormwater drains to achieve this.  
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ii) Review the performance of the sewage mains, pumping stations 
and treatment plant in the Petone sediments and Seaview fill to 
determine the likely response to liquefaction and ground shaking 
in a major event.  Examine options to reduce these risks and 
assign priorities. 

 
iii) Do the same for the Wellington system around the waterfront and 

in the area of the airport, including effects of inundation. 
 
iv) Include appropriate measures or preferably avoid high risk areas 

when identifying options for new sewage treatment and disposal 
systems. 

 
v) Adopt seismic resistant standards for all new facilities.  Select 

pipes which are appropriate to the soil conditions and the 
importance of the line at that position.  

 
 
C3.3  Stormwater Drainage 
 
 Conclusions 
 
 The general disposal of stormwater throughout the region is by simple 

gravity flow through various pipelines and culverts to stream or river 
catchments and thence into the harbour.  There are areas in the Hutt 
Valley where pumping stations are necessary to maintain gravity flow.  
The effectiveness of the system is vulnerable to disruption of the 
continuity of flow.  It remains for the authorities to review this system, 
especially the relevance of temporary disposal of sewage overflows in 
emergencies. 

 
 Stormwater is important as a lifeline to provide for controlled run-off of 

sewage overflow and to manage likely contaminated rainfall run-off in 
the weeks following a major event. 

 
 The Hutt Valley has quite a large degree of natural stormwater control 

with the Hutt River and local tributaries. 
 
 Natural run-off from the western hills of the Hutt Valley and south to 

Ngauranga and Ngaio could be severely affected by landslides and 
debris in the waterways resulting in ponding and subsequent wash-out 
of road and rail links. 

 
 In Wellington the stormwater system plays a major part in run off 

control from the hills above the Central Business District.  Many of the 
key drains are brick lined from the late 1800's and are not likely to 
perform well in a major earthquake. 

 Recommendations 
 

i) Make more detailed assessments of stormwater vulnerabilities 
and consequences of impacts, initiated by each appropriate 
authority. 
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ii) Review the performance of the western hills streams of the Hutt 
Valley, Horokiwi, Ngauranga and Ngaio in relation to their 
capacity to disrupt road and rail links. 

 
iii) Establish a long term replacement plan for key brick stormwater 

culverts. 
 
 

C3.4 Gas 
 
 Conclusions 
 
 The regional supply system of the Natural Gas Corporation is well set 

up to handle a major earthquake event.  Main valve and gate stations 
are located away from faults and other vulnerable ground and are 
expected to perform well.  Some damage to equipment and monitoring 
and control items can be expected due to high ground accelerations. 

 
 Mock emergency exercises have been run by NGC, HVEB and Welgas.  

These have been followed by detailed debriefings and staff are well 
versed in response procedures. 

 
 The timing of the response is important to ensure valves are activated 

within the two hours specified to maintain minimum flow pressures.  If 
these deadlines are missed and flow stops, widespread closure of the 
system could follow with a major exercise being required to turn 
systems on again.  In this context it is important that potential access 
problems are identified and allowed for in the exercise. 

 
 The Hutt Valley is felt to be well served by the polyethylene distribution 

system although damage can be expected at joints and junctions and 
at some structures in areas of severe ground deformation.  At fault 
crossings the risk of severe damage to pipes from fault movement is 
high. 

 
 It will be important that damaged areas are quickly identified and 

isolated following a major event to minimise the risk from fires. 
 
 It is estimated that recovery of a basic service could be achieved in less 

than three days following a major event and provision of a general 
service would be addressed within three weeks.  

 
 For the Wellington area the vulnerability to a major event is rather 

higher particularly in areas of cast iron pipe.  The polyethylene sleeving 
programme will substantially improve this although vulnerability in 
areas subject to severe ground deformation will remain. 

 
 The performance of sleeved pipes has not been tested under 

conditions of severe ground deformation.  The outer shell may provide 
added protection to the polyethylene liner or it may concentrate 
deformations at kinks with a greater risk of liner rupture. 

 
 Recovery of control and a basic service is estimated to take three days 
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following a major event and return to a general service, three weeks. 
 
 Recommendations 
 

i) Pin-point likely trouble spots in gas lines.  Plan for isolation of 
damaged sections and for speedy response. 

 
ii) Progressively replace the case iron/lead jointed pipes in and 

around the CBD. 
 
iii) Review gate and valve stations for equipment items vulnerable to 

ground shaking and upgrade fixings and bracing where 
appropriate.  In particular, address monitoring and control 
equipment and consider back-up for critical items. 

 
iv) Prepare (or for NGC, review) an earthquake response plan 

providing for: 
 

• monitoring or inspection of major routes and facilities for 
damage assessment.  Assess access options. 

• monitoring or inspection of distribution networks on a sector by 
sector basis for damage assessment 

• isolation of damaged sectors 
• plant, spares and skills inventories for undertaking repair work 

 
v) Review performance of polyethylene pipe under liquefaction 

conditions, particularly at junctions and connections to provide an 
expected loss assessment.  Review polyethylene sleeved cast 
iron pipe similarly. 

 
vi) Review trouble spots identified in Section B4.2 and carryout 

appropriate mitigation measures.  These include back-up 
measures, engineering measures and measures for planning to 
manage the damage. 

 
vii) Continue the programme to progressively replace the cast 

iron/lead jointed pipes giving priority to vulnerable ground areas. 
 
viii) Review with the Fire Service, the implications of the threat of 

earthquake-induced fires. 
 
 
C3.5 Electricity 
 
 Conclusions 
 
 The regional system has been designed for accelerations of between 

0.7g and 0.4g depending on age.  It would survive a moderate 
earthquake satisfactorily with generally 20-40% damage at substations 
and with some HVDC lines susceptible to slips and tsunami.   

 
 In the Wellington Fault Event, the regional system could suffer up to 

100% losses at substations and in the older equipment at Haywards.  
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The new HVDC and 220kv installation at Haywards would suffer up to 
10% damage.  This latter facility has been designed for earthquake 
forces approaching that of the Wellington Fault Event used in this 
project.   

 
 Complete loss of power to Wellington for at least one day is most likely 

in the Wellington Fault Event.   
 
 The district system would sustain minor damage, almost exclusively 

confined to overhead works.  10-15% of the system would be affected.  
Restoration is dependent upon the availability of power from the 
regional system.   

 
 In a major earthquake, 50-75% of this system would be out of service 

due to physical damage.  This would be of variable severity.  
 
 Major cables across the fault are vulnerable, especially where these 

are on bridges.  Spares are available.   
 
 Substation enclosures will be structurally damaged though it is 

expected that temporary power can be provided.  One substation is 
threatened by a large retaining wall.   

 
 Final repairs would take one year.  Key items which are vulnerable 

include transformers, bus power and switch gear and control panels.  
Securing of these would be cost-effective.   

 
 Recommendations 
 
 The regional network, established by Trans Power and its predecessor, 

has been well served in terms of earthquake resistance.  There is a 
track record of enlightened development of earthquake resistant design 
which has been applied effectively for many years.  This awareness is 
reflected in the following proposed actions by Trans Power: 

 
• Continue with the seismic upgrading of transmission 

equipment and buildings where appropriate.  
 
• Review maintenance contracts to ensure the availability of 

experienced repair personnel. 
 
• Review seismic design standards. 
 
• Ensure adequate contingency plans are in place for the 

operation and the repair of the transmission system damaged 
by a major earthquake. 

 
For district and local networks administered by Electrical Supply 
Authorities, the following actions are recommended: 
 
i) Co-operate closely with Trans Power, including checking of 

communication links. 
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ii) Develop response plans in association with Civil Defence. 
 
iii) Review seismic design standards. 
 
iv) Implement engineering measures such as bracing, transformer 

tie-downs and a detailed review of control centres. 
 
v) Molesworth Street Bridge which carries major power supplies to 

Wellington City should be reviewed in detail. 
 
vi) Examine alternative routes for power to increase redundancy, 

where practicable.   
 
vii) Review availability of spares to improve the ability to recover.  
 
viii) Review training needs and availability of staff in the event of a 

major earthquake.  
 
In general, both Transpower and the Electrical Supply Authorities 

should: 
 
i) Review component interconnections.  Correct deficiencies. 
  
ii) Prepare by-pass procedures and purchase necessary hardware. 
 
iii) Prepare planning scenarios and conduct drills to locate critical 

components and help planning. 
 
 
C3.6 Telecommunications 
 
 Conclusions 
 
 Telecommunications are absolutely reliant on electrical power, and this 

is generally recognised in the standards of earthquake resistance.   
 
 Greatest vulnerability results from the low earthquake resistance of 

exchange buildings built before 1976.   
 
 Air conditioning is needed for full power operation of switching 

equipment. 
 
 The advent of microchips, while producing lighter equipment, has had 

the effect of putting more switching at any one location.  Nevertheless, 
adequate redundancy is being achieved.   

 
 Older underground installations are vulnerable, particularly where soils 

are subject to settlement due to liquefaction or landslide.   
 
 Fibre optic cables are vulnerable likewise but more easily repaired.   
 
 Cable entries into buildings generally have no specific provision for 

differential movement of ground.  
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 Unbraced equipment represents a significant hazard. 
 
 Availability of spares requires review.   
 
 Telecom Wellington has indicated through its involvement in the project 

that there is an increasing level of awareness of earthquake risks within 
its organisation.  The company has plans to address these risks which 
may be summarised "Mitigation by Management".  Details are given in 
Section B6.3. 

 
 Recommendations  
 
 Items which require attention include: 

 
i) Development of earthquake preparedness through "Mitigation by 

Management". 
 
ii) Close examination of interdependence in relation to other lifelines. 
 
iii) Detailed review of underground installations, their vulnerability 

and repairability in the event of earthquake. 
 
iv) A detailed review of unbraced equipment in an organised and 

comprehensive manner.   
 
v) Review air conditioning systems where these are critical to 

switchgear operations. 
 
vi) Continuation of the programme of reviewing and upgrading 

exchange buildings and their equipment. 
 
vii) A review of spare parts requirements in order to achieve minimum 

time for reinstatement.  
 
viii) Attention to measures identified in Section B6.3. 

 
 
C3.7 Broadcasting 
 
 Conclusions 
 
 In the Moderate Regional Event, little damage and interruption to 

facilities is expected. 
 
 In the Wellington Fault Event, significant damage and disruption is 

likely with structural damage to studios and equipment, loss of power 
supply and interruption of land lines and links.  Full restoration of 
service would take several months. 

 
 The proximity of Radio New Zealand House to the Wellington Fault is of 

concern, especially as this building accommodates a common 
programme link. 
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 Loss of power supplies and structural damage is expected to the 
transmitter facility at Mt Kau Kau, the Makara High microwave station 
and to the Transmission Control Centre at Avalon. 

 
 Failure of a significant number of local translators is likely. 
 
 The loss of power supplies to the three facilities mentioned above is not 

particularly serious as each has stand-by generation plant installed.  
However, depending upon the extent of structural damage, particularly 
to the steel transmitter tower at Kau Kau and the Makara High 
microwave station, resumption of television transmission to the 
Wellington region could take several weeks.  

 
 Recommendations 
 
 Recommended mitigation measures for Broadcasting include: 
 

i) Establishment of a disaster response plan, taking account of 
vulnerabilities and available mitigation measures. 

  
ii) A detailed review of equipment, studios, buildings and 

transmission towers to identify weak links. 
 
iii) A review of the structural and non-structural elements of Radio 

New Zealand House in its role as a common distribution link. 
  
iv) A check of the adequacy, reliability and robustness of stand-by 

generating facilities. 
 
v) Initiation of a programme of staff training to deal with the effects of 

a major earthquake. 
 
vi) A review of available resources and their capability to reinstate 

key components of the network. 
 
vii) A review of design standards for new and existing facilities. 

 
 
C3.8  Transportation 
 
 Conclusions 
 
 In the Moderate Regional Event some local damage and disruption to 

the transport networks can be expected. 
 
 In the Wellington Fault Event substantial disruption can be expected. 
 
 The common section of State Highways 1 and 2, immediately north of 

Wellington City, is likely to be closed by landslips, ground displacement 
and possibly flooding. 

 
 All road routes from Wellington to the rest of the North Island would be 

closed.  Internal routes within the region will be severely disrupted with 
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significant damage expected to most bridges.  Collapsed spans can be 
expected on some (particularly older) bridges.  Services carried on 
these bridges will be affected. 

 
 Recovery of the region following a major event, including the recovery 

of almost all lifelines, is dependent on access through the roading 
system.  In turn the roading system is dependent on the bridges.  Many 
key bridges are vulnerable because of their proximity to the Wellington 
Fault.  Others are vulnerable because of their age and construction. 

 
 Fault movement, liquefaction and landslips would render railways 

inoperative with the railyard in Thorndon extensively affected.  The rail 
outlet north from Upper Hutt should be restored quickly.  This would 
provide the only service access into the region for up to two weeks 
following the event. 

 
 The Port of Wellington would be severely affected with the Wellington 

Fault passing through the ferry terminal.  Reclaimed areas would settle 
causing building and crane damage. 

 
 Significant parts of the airport runway are prone to liquefaction and 

disruptions can be expected.  Emergency use with a shortened runway 
could be expected after two to four days. 

 
 Thorndon, where road, rail and ferry traffic meet, is a particularly 

vulnerable area, being partly reclaimed land and crossing the 
Wellington Fault. 

 
 Recommendations 
 

i) Carry out detailed reviews of the performance of important 
bridges, notably Silverstream, Paremata, Thorndon motorway 
viaduct and Molesworth St Bridges.  Other bridges should also be 
evaluated and a priority rating established for mitigation 
measures. 

 
ii) Consider retro-fitting measures for key bridges followed by those 

of lesser importance. 
 
iii) Review capability to clear key roads subject to landslip, 

settlement or fault displacement. 
 
iv) Increase redundancy as roading system is developed. 
 
v) Make a closer and more detailed analysis of the Thorndon region 

for earthquake effects including: the motorway overbridges, 
railyard, main road and ferry terminal, and the impact on other 
services. 

 
vi) Increase redundancy in the Cook Strait ferry service, particularly 

the ability to use alternative berths. 
 
vii) Investigate the usability of the Port of Wellington and the airport 
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following a major earthquake. 
 
viii) Carry out site specific studies of the airport, port and railyard to 

determine the liquefaction potential and severity, and investigate 
stabilisation techniques. 

 
ix) Carry out stabilisation of critical sites for liquefaction and slope 

stability where appropriate. 
 
 

C3.9 Building Services 
 
 Conclusions 
 
 Inclusion of Building Services in the project was justified, particularly as 

it brought to light the heavy dependence of building services on 
lifelines.  The review has not been as specific as in other sections 
because of the wide range of buildings and building services.  The 
categorisation of building services has however helped to identify the 
more important aspects requiring attention.   

 
 Damage to building services systems within a building could mean the 

loss of use and loss of business even after external supplies are 
restored.  The objective must therefore be to ensure that buildings 
services, or any part of them, are not the weak link in the chain when it 
comes to restoring normality.   

 
 Building services are a significant "end user" of major lifelines.  They 

should be ready to function when services are restored.   
 
 Availability of standby power is vital, but is not always included, 

especially in lower quality buildings.   
 
 The assessment of vulnerability and impact of loss for various types of 

buildings provides a valuable database for building owners to use when 
planning for earthquake.   

 
 Analysis of hospitals highlights the greater vulnerability of older 

buildings and systems, and this needs to be taken into account in 
hospital planning.   

 
 Adequate bracing of equipment and allowance for earthquake 

movement is critical.  While codes exist for this in New Zealand and 
have been applied to some modern buildings, the bulk of installations 
have inadequate bracing and/or provision for movement.   

 
 Recommendations 
 

i) Encourage building owners and managers to examine the overall 
earthquake "survivability" of all buildings in their portfolios, and 
formulate a Disaster Response Plan.  In particular they should 
become familiar with the likely loss of external services to the 
building and plan accordingly.   
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ii) Make detailed assessments of building services to prioritise 

measures which will reduce earthquake damage.  Use of the data 
in this report is recommended, provided that it is applied with 
expert judgment taking account of particular circumstances. 

 
iii) Encourage building owners and managers, as a matter of 

urgency, to review the adequacy of their standby power supply 
and alternative water supply systems.  Following a major 
earthquake these will be crucial to the operation of building 
services systems, particularly lighting, heating, waste disposal 
and air conditioning.   

 
iv) Compile up-to-date as-built information for building services. 
 
v) Establish preventative maintenance procedures. 
 
vi) Consider entering into legally binding contracts for the provision of 

resources to repair damage.   
 
 
C3.10 Buried Pipelines 
  
 Conclusions 
 
 A literature survey found that information available from past 

earthquakes was not reliable enough to draw definitive conclusions on 
the performance of buried pipelines in earthquake. 

 
 A format and check list for recording pipeline damage was developed 

during the course of the project and is proposed for widespread 
adoption and use. 

 
 Very little research has been carried out in New Zealand on the 

performance of buried pipelines in earthquake. 
 
 The causes of damage during earthquake, and types of failure are well 

established and documented, but further development of the 
techniques for analysis and design of buried pipelines are required. 

 
 A wide range of materials has been used in constructing pipelines for 

water, gas, sewage and stormwater in the Wellington region. 
 
 Vulnerability of a pipeline in earthquake reduces with ductility of the 

pipe.  Care is needed in jointing and in detailing take-off junctions. 
 
 The Buried Pipelines Section of this report should provide a useful 

resource for lifeline organisations who wish to reduce their exposure to 
earthquake. 

 
 Recommendations 
 

i) Lifeline organisations should use the material presented to help 
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review the detailed vulnerability of their networks and to set 
priorities. 

 
ii) A uniform method of recording post-earthquake damage to 

pipelines should be developed and used consistently worldwide.  
Adoption of the format put forward in this report is recommended. 

 
iii) More research is needed into the performance of buried pipelines 

in earthquake. 
 
 
 
C4 Interdependence of Lifelines 
 
 Conclusions 
 
 The detailed analysis performed for this project highlighted the critical 

areas of interdependence of any particular lifeline upon others.  
Although the overall conclusions are generally obvious, the 
methodology used raised many thought-provoking questions on the 
subject of interdependence.  The methodology could be used in other 
situations for other cities and for more detailed analysis of subsystems.   

 
 Roading, standby electricity and fuel supply stand out as being the most 

important immediately following an earthquake. 
 
 Equally important, and of widespread concern and effect, is the reliance 

of lifelines on the various pieces of equipment for their operation.  
Securing of such equipment against earthquake forces is of paramount 
importance and usually represents a very cost-effective measure for 
reducing overall risk.   

 
 Building services are highly dependent on other lifelines, reminding us 

that return to normality involves the restoration of work places to an 
adequate standard for productive work to continue.   

 
 Initial analysis of the interaction of lifelines in the recovery period 

indicates several anomalies.  For example water supply, as analysed 
by the Service Authority is shown to be available after three days.  
However electricity will almost certainly be required for pumps in the 
water supply system and this may not be available for seven days.  
This is a specific instance of the need to carry out further analysis so 
that times may be balanced and that appropriate priority is given to 
other vital services.   

 
 Recommendations 
 

i) The methodology of analysis of interdependence of lifelines, 
developed for this project, should be used more extensively to 
highlight particular vulnerabilities.  It is recommended that those 
in organisations responsible for lifelines use it as a means of 
highlighting and resolving concerns in their particular area. 
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ii) All lifeline authorities should consider their dependence on others 
and acquaint themselves with the various constraints and 
interactions which could affect them. 

 
iii) Authorities should meet regularly to discuss these issues so as to 

improve overall ability to cope with a major earthquake and to 
restore lifelines to normal in as organised and pre-planned way 
as possible.   

 
 
 
C5 Application to Other Regions 
 
 The project quite deliberately focussed on the particular aspects of 

Wellington lifelines.  Nevertheless, close parallels can be drawn by 
other city authorities in New Zealand. 

 
 A number of successful aspects of the project indicate that others can 

benefit from the experience gained on this project: 
 

• Involvement of all lifeline service providers, and participation of 
a wide range of key personnel, has greatly increased 
awareness and understanding of earthquake hazards, and the 
means to deal with them.   

 
• Assembly of basic lifeline information in succinct form was 

beneficial in itself. 
 
• Interaction and interdependence of lifeline systems emerged 

as an important factor worthy of closer analysis. 
 
• The need to address issues from a management, conceptual 

design and detailed engineering viewpoint, is common to all 
cities. 

 
• The benefit of staff training in mitigation measures, both 

engineering and response, is available to all cities. 
 
• Much of the materials and equipment used for lifeline 

construction in other regions are similar in age and nature to 
those used in Wellington. 

 
Key personnel responsible for lifelines in other regions should: 
 
i) Examine this report and identify aspects which apply to them. 
 
ii) Form a group of all lifeline providers to meet regularly to: 
 

• Compile up-to-date information on the lifelines. 
• Discuss vulnerability and mitigation measures. 
• Develop an understanding of the interdependence of lifelines. 
• Act as a focal point for general information on lifeline 

engineering. 
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iii) Participate in a New Zealand wide group. 
 
iv) Carry out a similar review of their city's lifelines, involving as many 

people as possible. 
 
v) Adapt the methodologies and approach to suit their own 

circumstances. 
 
vi) Recognise that successful mitigation measures requires attention 

to management, conceptual design and detailed engineering 
aspects. 

 
 

 
 
 
C6 Final Comment 
 
 
 At the first session of the Workshop in September 1990 the underlying 

motivation for the project was stated as "Making the best possible use 
of available information and technology so that no matter when a large 
earthquake occurs, we can look back at money well spent on reducing 
earthquake risk to lifelines". 

 
 This project and the Workshop have provided a great start to that 

process, thanks to the support of many people and organisations.  It is 
to be hoped that it will continue. 
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Appendix AX1: Task Group Briefs 
 
 

LIFELINES IN EARTHQUAKE PROJECT 
CENTRE FOR ADVANCED ENGINEERING 

 
BRIEF FOR TASK GROUP 1 

 
BUILDING SERVICES 

1 AIM 
 

To identify where mitigation measures or improvements to the planning, design, 
construction and maintenance of the elements of building and facility services and 
installations in the Wellington region would enhance their performance during or after 
an earthquake. 

 
 
2 OBJECTIVES 

 
i) To identify the vulnerability to damage from earthquakes of building and facility 

services and installations in the Wellington region. 
 
ii) To develop practical engineering strategies for reducing the risk or impact of such 

damage and for providing for reinstatement following such an event. 
 
iii) To communicate the issues to people involved in the management and design of 

these services and to raise the awareness of the public to their importance. 
 
 

3 TASKS FOR OBJECTIVE i) - IDENTIFY VULNERABILITY 
 

i) Identify key services and installations in the following categories of buildings and 
facilities : 

 
  - commercial 

 - industrial 
 - public 

 
 Define the nature of the service or installation and identify the critical elements.  

Consider amongst the systems: 
 
  - electrical 

 - mechanical 
 - water 
 - drainage 
 - fire protection 
 - conveyancing 
 - computing 
 - communications 
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ii) For each service or installation identify its vulnerability to damage from 

earthquakes.  Consider the impact or possible consequences of damage to 
critical elements from an earthquake. 

 
 Consider these from the point of view of performance:  
 
  - during an earthquake 

 - immediately following an earthquake 
 - in the period following an earthquake 

 
 In considering each element establish possible shortcomings in : 
 
  - location 
  - system redundancies 

 - intrinsic design of componentry 
 - adequacy of housing 
 - earthquake restraints 
 - connections 
 - vulnerability to damage of other services 

 
 Prepare a priority listing or matrix stating the vulnerability of the service or 

installation and the likely consequences in an earthquake. 
 
iii) Identify special purpose buildings where protection of the building contents as a 

whole or of particular installations within it would warrant special measures. 
 
 Follow through ii) above for additional features. 
 
iv) Identify key services in other networks. Interact with other Task Groups as 

appropriate. 
 
 Follow through ii) above and provide input to the vulnerability statement of the 

particular network. 
 
v) Identify areas of uncertainty or lack of information. 
 
 

4 TASKS FOR OBJECTIVE ii) - DEVELOP STRATEGIES 
 

i) For each item from 3 identify practical engineering measures for reducing the risk 
or impact : 

 
  - from an asset management and planning perspective 

 - from a layout and conceptual design perspective 
 - from an engineering detailing perspective 

 
 Consider amongst the options : 
 
  - providing network redundancy 

 - upgrading of componentry 
 - strengthening of housing 
 - providing adequate earthquake restraint 
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 - retrofitting 
 - relocation 
 - special measures for priority items 

 
 Categorise measures which are applicable to new or existing systems. 
 
 Interact with other Task Groups where appropriate. 
 
ii) For the critical items from 3 identify measures for preparing to respond to a 

seismic event from a service recovery perspective and to minimise service 
outage times. Consider : 

 
   - time, skills, spares and equipment for repairs 

  - inventory of strategic spares and equipment 
  - priority programme of repairs 
  - alternative means of supplying service temporarily 
  - arrangements with external supply agencies 
  - special standby arrangements 

 
iii) Identify areas of uncertainty or lack of knowledge. 

 
 
5 TASKS FOR OBJECTIVE iii) - REPORTING 
 

i) Write up the results of the deliberations of the Task Group to the attached 
Proposed Report Format modified as appropriate for the Building Services 
approach. 

 
JAN 
11/4/90 
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LIFELINES IN EARTHQUAKE PROJECT 
CENTRE FOR ADVANCED ENGINEERING 

 
BRIEF FOR TASK GROUP 2 

 
CIVIL SERVICES AND GAS 

1 AIM 
 
To identify where mitigation measures or improvements to the planning, design, 
construction and maintenance of the elements of the water, gas, sewerage and 
drainage systems of the Wellington region would enhance their performance during or 
after an earthquake. 

 
2 OBJECTIVES 
 

i) To identify the vulnerability to damage from earthquakes of the water, gas, 
sewerage and drainage service networks and facilities in the Wellington region. 

 
ii) To develop practical engineering strategies for reducing the risk or impact of such 

damage and for providing for reinstatement following such an event. 
 
iii) To communicate the issues to people involved in the management and design of 

these services and to raise the awareness of the public to their importance. 
 
 

3 TASKS FOR OBJECTIVE i) - IDENTIFY VULNERABILITY 
 
 For each service : 
 

i) Prepare a map of the principal elements of the regional and district networks.  
 
ii) Define the nature of the network at the regional, district and local levels. For each 

level identify : 
 
  - the key components 

 - the critical elements within each component 
 
 In identifying key components consider importance in relation to zoning of the 

area ie. commercial, industrial, residential or special. 
 
iii) For each component from ii) consider possible earthquake hazards and the 

impact or possible consequences of damage from that hazard. For the hazards 
consider as defined by Task Group 5 : 

 
  - fault displacement 

 - ground shaking/acceleration 
 - liquefaction 
 - landslides/lahars 
 - ground uplift or submergence 
 - tsunami/seiche 
 - ground settlement 
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 In looking at possible damage and impacts consider effects of connections, 
structures and adjacent installations. 

 
 When looking at impact or consequences of damage consider these from the 

point of view of performance:  
 
  - during an earthquake 

 - immediately following an earthquake 
 - in the period following an earthquake 
 - for return to normality 

 
iv) For each component from ii) consider its location in relation to the earthquake 

hazard map from Task Group 5 and identify the vulnerability of each element to 
damage according to the impacts identified in iii).  Consider the complete regional 
and district networks and a representative local area network. 

 
 In considering each element establish shortcomings in:  
 
  - topographical location 

 - network redundancies 
 - intrinsic design of componentry 
 - adequacy of housing 
 - earthquake restraints 
 - connections 

 
v) Identify the vulnerability of the component or element to damage of other 

services. Interact with other Task Groups where appropriate. 
 
vi) Prepare a priority listing (or matrix) stating the vulnerability of the service at the 

regional, district and local level. Identify areas of uncertainty or lack of 
information. 

 
 

4 TASKS FOR OBJECTIVE ii) - DEVELOP STRATEGIES 
 
For each service : 
 
i) For each item on the priority list from 3 identify practical engineering measures 

for reducing the risk or impact: 
 
  - from an asset management and planning perspective 

 - from a layout and conceptual design perspective 
 - from an engineering detailing perspective 

 
Consider amongst the options : 
 
  - providing network redundancy 

 - upgrading of componentry 
 - strengthening of housing 
 - providing adequate earthquake restraint 
 - retrofitting 
 - relocation 
 - special measures for priority items. 
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Categorise measures which are applicable to new or existing systems. 
 
Interact with other Task Groups where appropriate. 
 
ii) For the critical items from 3 identify measures for preparing to respond to a 

seismic event from a service recovery perspective and to minimise service 
outage times. Consider : 

 
  - time, skills, spares and equipment for repairs 

 - inventory of strategic spares and equipment 
 - priority programme of repairs 
 - alternative transportation routes and means for spares and  
     repairs 
 - alternative means of supplying service temporarily 
 - arrangements with external or neighbouring authorities 
 - special standby arrangements 

 
iii) Identify areas of uncertainty or lack of knowledge. 
 
 

5 TASKS FOR OBJECTIVE iii) - REPORTING 
 

i) Write up the results of the deliberations of the Task Group to the attached 
Proposed Report Format. 

 
JAN 
6/4/90 
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LIFELINES IN EARTHQUAKE PROJECT 
CENTRE FOR ADVANCED ENGINEERING 

 
BRIEF FOR TASK GROUP 3 

 
ELECTRICAL, TELECOMMUNICATIONS, BROADCASTING SERVICES 

 
1 AIM 

 
To identify where mitigation measures or improvements to the planning, design, 
construction and maintenance of the elements of the electrical, telecommunications 
and broadcasting systems of the Wellington region would enhance their performance 
during or after an earthquake. 

 
2 OBJECTIVES 
 

i) To identify the vulnerability to damage from earthquakes of the electrical, 
telecommunications and broadcasting service networks and facilities in the 
Wellington region. 

 
ii) To develop practical engineering strategies for reducing the risk or impact of such 

damage and for providing for reinstatement following such an event. 
 
iii) To communicate the issues to people involved in the management and design of 

these services and to raise the awareness of the public to their importance. 
 

3 TASKS FOR OBJECTIVE i) - IDENTIFY VULNERABILITY 
 
 For each service : 
 

i) Prepare a map of the principal elements of the regional and district networks (or 
the trunk and junction networks for Telecom).  

 
ii) Define the nature of the network at the regional, district and local levels (trunk, 

junction and local levels for Telecom). For each level identify : 
 
  - the key components 

 - the critical elements within each component 
 
iii) For each component from ii) consider possible earthquake hazards and the 

impact or possible consequences of damage from that hazard. For the hazards 
consider as defined by Task Group 5 : 

 
  - fault displacement 

 - ground shaking/acceleration 
 - liquefaction 
 - landslides/lahars 
 - ground uplift or submergence 
 - tsunami/seiche 
 - ground settlement 
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 When looking at impact or consequences of damage consider these from the 

point of view of performance:  
 
  - during an earthquake 

 - immediately following an earthquake 
 - in the period following an earthquake 
 - for return to normality 

 
iv) For each component from ii) consider its location in relation to the earthquake 

hazard map from Task Group 5 and identify the vulnerability of each element to 
damage according to the impacts identified in iii). Consider the complete regional 
and district networks and a representative local area network. 

 
 In considering each element establish shortcomings in  
 
  - topographical location 

 - network redundancies 
 - intrinsic design of componentry 
 - adequacy of housing 
 - earthquake restraints 

 
v) Identify the vulnerability of the component or element to damage of other 

services. Interact with other Task Groups where appropriate. 
 
vi) Prepare a priority listing (or matrix) stating the vulnerability of the service at the 

regional, district and local level. Identify areas of uncertainty or lack of 
information. 

 
 

4 TASKS FOR OBJECTIVE ii) - DEVELOP STRATEGIES 
 
For each service : 

 
i) For each item on the priority list from 3 identify practical engineering measures 

for reducing the risk or impact:  
 
  - from an asset management and planning perspective 

 - from a layout and conceptual design perspective 
 - from an engineering detailing perspective 

 
 Consider amongst the options: 
 
  - providing network redundancy 

 - upgrading of componentry 
 - strengthening of housing 
 - providing adequate earthquake restraint 
 - retrofitting 
 - relocation 
 - special measures for priority items 

 
Categorise measures which are applicable to new or existing systems 
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Interact with other Task Groups where appropriate. 
 
ii) For the critical items from 3 identify measures for preparing to respond to a 

seismic event from a service recovery perspective and to minimise service 
outage times. Consider : 

 
  - time skills spares and equipment for repairs 

 - inventory of strategic spares and equipment 
 - alternative transportation routes and means for spares and  
     repairs 
 - alternative means of supplying service temporarily 
 - arrangements with external or neighbouring authorities 
 - special standby arrangements 

 
iii) Identify areas of uncertainty or lack of knowledge. 
 
 

5 TASKS FOR OBJECTIVE iii) - REPORTING 
 

i) Write up the results of the deliberations of the Task Group to the attached 
Proposed Report Format. 

 
JAN 
6/4/90 
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LIFELINES IN EARTHQUAKE PROJECT 
CENTRE FOR ADVANCED ENGINEERING 

 
BRIEF FOR TASK GROUP 4 

 
TRANSPORTATION 

 
1 AIM 

 
To identify where mitigation measures or improvements to the planning, design, 
construction and maintenance of the elements of the road, rail, sea and air transport 
systems of the Wellington region would enhance their performance during or after an 
earthquake. 

 
2 OBJECTIVES 
 

i) To identify the vulnerability to damage from earthquakes of the road, rail, sea and 
air transport systems and facilities in the Wellington region. 

 
ii) To develop practical engineering strategies for reducing the risk or impact of such 

damage and for providing for reinstatement following such an event. 
 
iii) To communicate the issues to people involved in the management and design of 

these services and to raise the awareness of the public to their importance. 
 

3 TASKS FOR OBJECTIVE i) - IDENTIFY VULNERABILITY 
 

For each service : 
 
i) Prepare a map of the principal elements of the regional and district systems and 

facilities.  
 
ii) Define the nature of the system at the regional, district and local levels. For each 

level identify : 
 
  - the key components 

 - the critical elements within each component 
 
 In identifying key components consider where greatest concentrations of people 

are likely to be at different times. Also importance in relation to access out of the 
area or to other key facilities. 

 
iii) For each component from ii) consider possible earthquake hazards and the 

impact or possible consequences of damage from that hazard. For the hazards 
consider, as defined by Task Group 5 : 

 
  - fault displacement 

 - ground shaking/acceleration 
 - liquefaction 
 - landslides/lahars 
 - ground uplift or submergence 
 - tsunami/seiche 
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 - ground settlement 
 
 In looking at possible damage and impacts consider both damage to the 

infrastructure itself and impacts arising from damage to other facilities. 
 
 When looking at the impact or consequences of damage consider these from the 

point of view of performance:  
 
  - during an earthquake 

 - immediately following an earthquake 
 - in the period following an earthquake 
 - for return to normality 

 
 Establish required performance capacities at each stage. 
 
iv) For each component from ii) consider its location in relation to the earthquake 

hazard map from Task Group 5 and identify the vulnerability of each element to 
damage according to the impacts identified in iii). Consider the complete regional 
and district networks and a representative local area network. 

 
 In considering each element establish shortcomings in  
 
  - topographical location 

 - network redundancies 
 - structural elements 
 - ancillary service systems 

 
v) Identify the vulnerability of the component or element to damage of other 

services. Interact with other Task Groups where appropriate. 
 
vi) Prepare a priority listing (or matrix) stating the vulnerability of the service at the 

regional, district and local level. Identify areas of uncertainty or lack of 
information. 

 
4 TASKS FOR OBJECTIVE ii) - DEVELOP STRATEGIES 

 
For each service : 

 
i) For each item on the priority list from 3 identify practical engineering measures 

for reducing the risk or impact:  
 
  - from an asset management and planning perspective 

 - from a layout and conceptual design perspective 
 - from an engineering detailing perspective 

 
Consider amongst the options : 
 
  - providing network redundancy 

 - upgrading of structural elements 
 - provision of alternative systems or facilities 
 - retrofitting 
 - relocation 
 - special measures for priority items 
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Categorise measures which are applicable to new or existing systems. 
 
Interact with other Task Groups where appropriate. 
 
ii) For the critical items from 3 identify measures for preparing to respond to a 

seismic event from a service recovery perspective and to minimise service 
outage times. Consider : 

 
 - time, skills, spares and equipment for repairs 

- inventory of strategic spares and equipment 
- contingency planning for alternatives 
- priority programme of repairs 
- alternative means of supplying service temporarily 
- arrangements with external or neighbouring authorities 
- special standby arrangements 

 
iii) Identify areas of uncertainty or lack of knowledge. 
 

5 TASKS FOR OBJECTIVE iii) - REPORTING 
 

i) Write up the results of the deliberations of the Task Group to the attached 
Proposed Report Format. 

 
JAN 
6/4/90 
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LIFELINES IN EARTHQUAKE PROJECT 
CENTRE FOR ADVANCED ENGINEERING 

 
BRIEF FOR TASK GROUP 5 

 
GEOLOGY AND GEOMECHANICS 

 
1 PROJECT AIM 
 
 To identify where mitigation measures or improvements to the planning, design, 

construction and maintenance of the lifeline services of the Wellington region would 
enhance their performance during or after an earthquake. 

 
 
2 TASK GROUP 5 OBJECTIVES 
 

i) To identify from existing information and knowledge the seismic hazards in the 
Wellington region as they relate to the regions lifeline services of water, drainage, 
gas, electricity, telecommunications and transport. 

 
ii) To present this information for use by the project Task Groups. 
 
iii) To report on the seismic hazard assessment of the region with comment on the 

uncertainty of the information and on ongoing programmes. 
 
 

3 TASKS  
 

i) Prepare a map at 1:25000 scale showing all known active faults in the Wellington 
region (consider faults with a probability of displacement in 10000 years). For 
each fault provide an estimate of possible displacement sense and amount. 

 
ii) In the areas of the lifeline networks produce a map for overlay purposes showing 

where the following can be expected during a major earthquake : 
 
  - fault displacement 
  - ground shaking/acceleration 
  - liquefaction 
  - landslides/lahars 
  - ground uplift or submergence 
  - tsunami/seiche 
  - ground settlement 
 
iii) Liaise with other Task Groups to assist with interpretation of seismic hazard data 

and to address specific problems with seismic hazard assessment as they occur. 
 
iv) Report on the seismic hazard assessment according to the attached Proposed 

Report Format. Comment on the uncertainty of the information and on areas for 
further research.  

 
JAN 
26/4/90 
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BRIEF FOR PIPELINES SUB GROUP 
 

DAMAGE TO BURIED PIPELINES 
 
 

1 PIPELINES SUB GROUP OBJECTIVES 
 

i) To propose, if practical, criteria for the onset of damage for buried pipelines 
subject to ground shaking. 

 
ii) To propose rate of damage figures for buried pipes related to ground shaking 

parameters eg. acceleration. 
 
iii) To produce a commentary on assessment of pipelines crossing faults. 
 
 

2 TASKS  
 

i) Review available information and determine if broad criteria relating permanent 
soil strains (or other appropriate criteria) to the onset of damage of buried pipes 
can be established for the following types of pipes according to the attached 
schedule of uses :  

 
  - cast iron 

 - steel 
 - concrete 
 - polyethylene 
 - earthenware 
 - asbestos, brick and other low strength pipes 

 
 If so set appropriate criteria in association with the Geology Group for use by the 

Task Groups in determining damage from the two levels of defined earthquake. 
 
ii) From records of earthquake damage propose levels of damage to be expected 

(in fractures per km) for the above pipe types for various experienced ground 
accelerations (or other appropriate criteria) for use by Task Groups in 
determining vulnerable pipelines. 

 
iii) Provide a commentary on similar broad guidelines for buried cables as 

appropriate.  
 
iv) Provide a commentary on the likely impacts of fault movement on various types 

of pipe crossing a fault. 
 
iv) Write up criteria for inclusion in the project report. 
 
Target for initial criteria for Task Groups : end July 
 
Target for write up for report : end August 
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CAE  LIFELINES IN EARTHQUAKE PROJECT 
 

PROPOSED REPORT FORMAT : 
 

WELLINGTON LIFELINES IN EARTHQUAKE 
A Review of Vulnerability and Risk Reduction Measures 

 
or 
 

SERVICE LIFELINES IN WELLINGTON  
Reducing Vulnerability to Earthquakes 

 
EXECUTIVE SUMMARY 

 
- brief outline of the nature of regions services 
- liklihood and type of seismic events 
- vulnerability of services. Statement of key elements at regional,district and local levels 
- consequences of seismic vulnerability 
- measures for reducing risk from : 
 - an asset management or planning perspective 
 - a layout or conceptual design perspective 
 - an engineering detailing perspective 
 - a preparedness in the event of an earthquake perspective 
- recommendations for implementation and further study 

 
1 INTRODUCTION/SCOPE/APPROACH 
 
2 SEISMIC HAZARDS IN THE WELLINGTON REGION 

 
- description of seismic features.  Hazard map. 

 
3 CIVIL SERVICES 
4 ELECTRICAL AND TELECOMMUNICATIONS SERVICES 
5 TRANSPORTATION NETWORK 
6 BUILDING SERVICES 

 
For each service : 
- description of network. Composite map of service and seismic hazards 
- identification of hazards and consequences of seismic events 
- assessment of vulnerability on a priority basis in relation to regional, district and local 

   impacts 
  - during an earthquake 

 - immediately after an earthquake 
 - in the period following an earthquake 
 - for return to normality 
- review of impact of interdependence with other services 
- measures for reducing risk or impact 
 - from an asset management or planning perspective 
 - from a layout or conceptual design perspective 
 - from an engineering detailing perspective 
- measures for preparing to respond to a seismic event from a service recovery 
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perspective 
- analysis and discussion of issues (may be taken to an appendix) 
- proposals for implementation and further work 

 
7 GEOLOGY AND GEOMECHANICS 

 
- geological setting 
- seismic history 
- types and liklihood of seismic events 
- discussion of issues including uncertainty and addressing risk (maybe take to an 
appendix) 
- current programmes and ongoing work 

 
8 RECOMMENDATIONS 

 
- civil services and gas 
- electrical and telecommunications services 
- transportation network 
- building services 
- geology and geomechanics 
 
each for : - measures for reducing risk or impact 
 - measures for preparing to respond to a seismic event 
 - areas for further work 
as appropriate 

 
9 APPLICATION OF APPROACH TO OTHER REGIONS 
 
10 ACKNOWLEDGEMENTS 
 
JAN 
3/3/90 
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LIFELINES IN EARTHQUAKE PROJECT 
 

APPLICATION OF THE TWO LEVELS OF EARTHQUAKE  
TO THE LIFELINE UTILITIES 

 
Note to : Task Groups and Utilities 
From : Project Manager 
 
1 Two levels of earthquake have been defined for testing the vulnerability of the 
 networks : 
 

i) A major possible event representing a Richter magnitude Ms = 7.5 quake centred 
on the Wellington Fault with a 3.5m - 4.2m horizontal displacement of the fault 
and a 0.3m vertical displacement. Movement occurs over a 75km length of the 
fault with intense movement over approximately 20km.  

 
 MM Intensities of X are experienced (with associated peak ground accelerations 

of 0.9g) over a 20km length of fault. Because the quake can occur anywhere 
along the Wellington Fault these intensities and accelerations can be 
experienced along its length (although not everywhere from the same event).  

 
 The hazard map therefore shows the intensities and accelerations in zones 

parallel to the fault and extending through the region. These are modified by the 
soil conditions coloured on the hazard map by factors given in the table. 

 The probability of such an event occuring is approximately 10% in the next 50 
years. 

 
ii)  A moderately strong event from some distance involving ground skaking at 0.3g 

throughout the region. Again this is modified by the soil conditions coloured on 
the map by factors given in the table. There is no local fault displacement with 
this event. 

 
 The probability of such an event occuring is approximately 50% in the next 50 

years. 
 

2 The procedure is to take two copies of the vulnerability charts and label one 
"Wellington Fault Event" and the other "Moderate Regional Event" and keeping the 
original unmarked. 

 
 For the two copies the "Vulnerability to Hazard" columns are to be relabelled "Damage 

from Event" and an assessment made for each component of its liklihood of being 
damaged on a scale of 1 to 3 where : 

 
 for individual components: 

 3 - is very likely to be damaged 
 2 - is moderately likely to be damaged 
 1 - is low liklihood of being damaged 

 
 for networks of components: 

 3 - is a high proportion of damage 
 2 - is a moderate proportion of damage 
 1 - is a low proportion of damage 
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 In each case a blank indicates not susceptable to damage. 
 
 NOTE : For components within the 0.9g isolines it is requested that in addition to 

assessing damage at the 0.9g level, a similar assessment be made at 0.7g and that it 
be recorded on the chart in brackets alongside the 0.9g figure. 

 
 It is expected that the response to the 0.9g level will be to plan to manage the damage. 

At some level it will be appropriate to plan to design critical components to remain 
serviceable or to be readily repaired. The 0.7g data will be used to gauge this. 

 
3 Review the original vulnerability chart in the light of results. Note the original chart 

remains a chart of relative vulnerability; the two new charts are damage charts from a 
given event. 

 
4 Prepare a vulnerability statement for the utility. List components in priority order for 

regional and district networks. Comment on each on damage, impact on network, time 
to reinstate. For the local network describe likely impacts on standard installations. 

 
5 The attached table provides some guidelines in assessing damage. These should be 

critically evaluated and modifications proposed for group and intergroup discussion. 
 
JAN 
8/8/90 
Revised 16/8/90 
NOTE added Section 2 
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Appendix AX2: Summary of Expected Ground 
Responses to Design Earthquakes 
 
 
 This appendix summarises the anticipated ground response to each scenario 

earthquake for each geographical segment of the Wellington area.  The 
anticipated effects are based on broad, incomplete details of the geological 
materials typical for each geographical area, supplemented where possible by 
more detailed local knowledge. 

 
 Reliance must not be placed on this section for detailed study of particular sites.  

Accurate assessment of site specific response will require site specific subsurface 
investigations. 

 
Hutt Valley - Upper Valley above Taita Gorge 
 Generally strong alluvial gravels. 
 

• Ms 7.5:  Little soil failure, surface motions similar to bedrock without 
attenuation or amplification. 

 
• 0.3g:  Similar to Ms 7.5. 

  
Hutt Valley - Lower Valley below Taita Gorge (except Petone) 
 Generally strong gravels with local areas of surficial soft peat and clay, e.g. 

Naenae, Waterloo and Woburn. 
 

• Ms 7.5:  Strong gravels transmit bedrock motions with little change; weak 
peat and clays attenuate motions with localised surface cracking and 
large strains are likely.  Slips on steep scarps, e.g. Taita Gorge.  Rupture 
of railway is ikely in various places. 

 
• 0.3g:  Reduced effects c.f. Ms 7.5. 

 
Petone 
 Normally consolidated, loose sands and silts including liquefiable, uniformly 

graded, fine-medium silty sands and sandy silts. 
 

• Ms 7.5:  Widespread liquefaction, particularly in Seaview area, lateral 
spreading at sharp slope angle changes, e.g. shoreline and riverbanks.  
Possible extensive damage and major ground displacement along 
motorway from Petone Overbridge to Korokoro traffic lights and along the 
Esplanade foreshore.  Attenuation of bedrock motions from non-linear 
soil response at large strains associated with large ground 
displacements. 

 
• 0.3g:  Minor liquefaction, sand fountains, amplification of bedrock 

motions up to 0.45g likely. 
 
Eastbourne 
 Material types uncertain, possibly unconsolidated young marine and non-

marine sand, silt and peat. 
 



   

 212 

• Ms 7.5:  Slips on steep and moderately steep slopes likely to be the main 
problem and possible ground damage above peat beds. 

 
• 0.3g: Slips on steep slopes but to a lesser extent than for Ms 7.5. 

 
Hutt Motorway - Kaiwharawhara to Petone 
 Motorway located in most places on shallow wave platform, greywacke 

escarpment.  Continuation of wave platform uncertain. 
 

• Ms 7.5:  Primary fault rupture on motorway unlikely as fault trace 
believed to be located offshore.  Failure of colluvium slopes and rock 
wedges on escarpment on to motorway.  Minor strain damage to 
motorway. 

 
• 0.3g:  Little damage to motorway and railway where located on rock 

platform. 
 
Harbour Fills and City Area 
 Mixture of fill materials ranging from pumped sand to rock.  These are 

generally in a loose state, and in most places less than 15m thick.  (There 
are up to 80m of firm silty sand below fills on the Museum of NZ  site). 

 
• Ms 7.5:  Settlement of poorly placed rockfills  (up to 1m at Museum of NZ 

site), liquefaction of pumped sand fills, e.g. below railyard.  Settlement 
decreases from seashore to Lambton Quay as fill depth decreases. 

 
 Amplification of motions along Cambridge/Kent Terrace, liquefaction 

along Terraces unlikely.  Some liquefaction in Basin Reserve and Te Aro 
areas. 

 
 Motorway structures at Thorndon Overbridge may lose lateral support 

due to liquefaction of foundation materials at railyards.  There is 
uncertainty as to where the Wellington Fault crosses the motorway.  
Depending on location, possible rupture of motorway especially if fault 
trace lies under overbridge structure. 

 
• 0.3g:  Sand fountaining and settlement due to liquefaction on some 

harbour fills, but little damage.  Damage even less likely near city 
business area. 

 
Airport, Miramar and Kilbirnie 
 Natural deposited silty materials and engineered fills. 
 

• Ms 7.5:  Widespread differential settlement and liquefaction expected to 
airport runway (either end) and terminal area.  Approximately 1000m 
should remain serviceable.  Some minor slumping near the shore and 
some disruption near St Patrick's College and yacht marina in reclaimed 
areas. 

 
• 0.3g:  Little or no damage. 

 
Wainuiomata 
 Similar effects to Lower Hutt Valley expected. 



   

 213 

Porirua Basin 
Soft cohesive sediments beneath sections of motorway and railway 
embankment fills between Porirua and Paremata. 

 
• Ms 7.5:  Lateral spreading of railway embankment on failed foundation.  

Motorway little damage. 
 
• 0.3g:  Little effect, some amplification of bedrock motion. 
 

Porirua Harbour Reclamation 
End dumped greywacke fill over normally consolidated marine sediments 
(silts and sands). 
 
• Ms 7.5:  Spreading and lateral movement of fill edges into harbour (up to 

100m from harbour) with associated settlement.  Localised sand boils 
and settlement associated with liquefaction within main reclamation area. 

 
• 0.3g:  Amplification of bedrock motion, some minor slumping of fill edges. 
 

Titahi Bay Road 
Soft muds below sections of road from Porirua to Onepoto. 
 
• Ms 7.5:  Possible local loss of road due to embankment failure on soft 

muds. 
 
• 0.3g:  Possible amplification. 
 

Mana Esplanade and Plimmerton 
Clean uniform sands. 
 
• Ms 7.5:  Some liquefaction particularly at bridge abutment at Paremata 

giving loss of approaches to both highway and rail bridges with disruption 
of railway due to lateral spreading.  Rockfalls off Goat Point on to SH1. 

 
• 0.3g:  Minor effects. 
 

Plimmerton to Paekakariki 
Swamp areas and greywacke slopes. 
 
• Ms 7.5:  Beyond Pukerua Bay, railway and SH1 affected by scree falls 

and small slope failures.  North of Plimmerton, disruption of SH1 in 
swamp areas, amplification of bedrock motions on normally consolidated 
deposits, e.g. swamps. 

 
• 0.3g:  Similar to Ms 7.5 but less extensive and less severe effects. 

 
Pauatahanui 

Generally cohesive soils. 
 
• Ms 7.5 and 0.3g:  Some amplification can be expected but liquefaction is 

not expected. 
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Akatarawa Road, Rimutuka Hill Road and Paekakariki Hill Road 
 
• Ms 7.5 and 0.3g:  Local failures of fill edges and some slopes above 

road.  Rimutuka Hill Road may experience only minor damage. 
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Appendix AX3: Buried Pipelines Data 
 
 
 
Buried Pipeline Data 
 
The appendix contains information and reference data cited in Section B:10.  
 
AX3.1 Pressure Pipe Materials Available in New Zealand  
 

 
 

Table AX3.1: Available Pressure Pipe Materials 
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AX3.2 Mechanical Properties: 
 
 The mechanical performance of the "traditional" pipe materials, steel, ductile iron 

etc., are well known and documented.  The mechanical performance of the 
polymer pipes is less well understood. 

 
 Plastic pipes retain their "as new" ability to withstand "shock" or short term 

loadings, whereas their ability to withstand long term loading decreases with age.  
Consequently, the short term properties may be used for any "shock load" 
calculations, provided the pipes have been well processed and are of an 
acceptable quality. 

 
 The mechanical properties of plastics are both time and temperature dependent 

and the following table, AX3.2, is for "as new" properties at 20oC. 
 

 
 

Table AX3.2:  Mechanical Properties of Pipe Materials 
 
 
AX3.3 Pipe Cost Comparisons 
 
 Accurate comparison of costs for various materials is difficult in the current era of 

highly competitive tendering.  The cost of installation of a system is also very 
variable. 

 
 Special pipe bedding requirements for the cheaper pipes may make a more 

expensive pipe material cost effective but, when soil movement due to earthquake 
is considered, it is generally felt that all pipes should be bedded and surrounded 
with a "free running" granular material which will not impose point loads or restrict 
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pipe movement.  This factor effectively means that the cost of bedding and 
backfilling for all pipe materials will be nearly equal.  Pipes with a smooth exterior 
which offers a minimum skin friction are also considered to be desirable. 

 
 Table AX3.3 has been compiled using retail prices for pipes of different materials 

as of November 1990.  Current retail prices are likely to differ. 
 

 
 

 Table  AX3.3:  Costs for Pipes of Different Materials (Relative to 
µPVC) 

 
 
AX3.4 Analytical Techniques 
 
 Introduction 
 
 Techniques for analysing the performance of buried pipelines in earthquakes are 

in their infancy for all but simple configurations of assumed pipelines and ground 
conditions.  Accurate quantitative values for what happens to a given pipe system 
in a given earthquake cannot be readily obtained, however, qualitative values 
can.  This is useful to determine the effect on a given system for a change in 
various parameters such as pipe material, pipe diameter, ground conditions and 
change in earthquake effects. 

 
 Definition of Failure 
 
 In all the analytical techniques, the defining of failure of the pipe system can be 

difficult. 
  
 Failure can include: 
 

• the pipe itself may fail by excessive tension, compression, bending 
deformation, or shear 

 
• the pipe may fail by buckling locally or as a long column 
 
• excessive rotation at a pipe joint 
 
• pull-out of a joint or failure of a spigot 
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• failure of the lining of a pipe while the outside of the pipe is still 
serviceable 

 
• shearing off at a bend or junction or at a rigid structure 
 
• excessive internal pressure and/or high hoop stress caused by over 

insertion of a pipe at a joint or spigot 
 

 Analytical Method for Pipelines Subjected to Ground Motion 
 
 Under seismic ground shaking, the response of a pipeline is determined by the 

ground strains.  In the analysis techniques developed it is generally assumed that 
the ground and pipe displacements in the longitudinal direction of the pipe is the 
same.  Two types of pipelines have been considered, namely, continuous and 
jointed pipelines. 

 
 Details of the analytical methods developed are given in Reference 10.3. The 

following general comments on the approach and related assumptions are 
relevant. 

 
i) Continuous Pipelines: 
 Continuous pipelines have been modelled as beams with both axial and 

bending stiffnesses.  The beam is connected to the soil which is considered 
as either elastic or elasto-plastic. 

 
ii) Jointed Pipelines: 
 Jointed pipelines have been analysed by numerical techniques.  In these 

methods assumptions have to be made regarding joint displacements and 
rotations. 

 
 In some solutions the pipe segments themselves have been considered 

infinitely rigid. 
 
iii) Bends & Junctions: 
 Techniques used to analyse systems with bends and junctions generally 

consider that the pipeline is composed of linearly elastic materials and the 
soils represented by a rigid-plastic or elasto-plastic materials. 

 
 Methods for the analysis of jointed pipes with bends and tees have not 

been recorded in the literature. 
 

 Fault Movement or Permanent Ground Deformation 
 
 The effects of fault movement on buried pipelines have been studied by a number 

of researchers.  Pipelines subjected to large fault movements undergo bending 
and axial deformation, either tension or compression depending upon the 
orientation of the pipeline to the fault.  A number of analytical models have been 
utilised for stress analysis. 

 
 The techniques proposed have developed from small deflection theory to more 

relevant large deflection methods.  Finite element and elastic-plastic techniques 
are now being successfully developed.  The pipeline has been modelled as a 
continuous beam, jointed beam, shell or combined beam and shell.  Soil and pipe 
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properties are governed by non-linear stress-strain relationships and thus 
complex numerical procedures are required to obtain accurate results. 

 

 
 
 

Table AX3.4 : Outside Diameters of Pressure Pipes in Service in the  
Wellington Region 
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 Solutions range from the use of the ductile properties of steel and ductile iron to 
provide toughness to siting the pipeline above ground and the provision of sliding 
support to allow movement or the provision of flexible or ductile jointing systems. 

 
 The analysis and design methods are discussed in Reference 10.3. 
 
 The methods indicate that the following improve the performance of pipelines 

crossing a fault: 
 

• Smaller pipe diameter 
 
• Larger crossing angle 
 
• Smaller buried depth 
 
• The use of more ductile pipe material 
 
• Ensuring that the pipeline is not fixed to rigid structures at either end of 

the fault, i.e. not subject to restraint over the critical length. 
 
 Effect of Dynamic Pressure 
 
 For seismic wave induced pressures (surges) analysis techniques have been 

proposed for two types of surge pressure, namely, hydro-dynamic pressure and 
water hammer. 

 
 The hydro-dynamic pressure is that pressure which is produced at the dead ends, 

bends and tees.  Water hammer is that caused by rapid closure of a valve. 
 
 
AX3.5 Pipe Joint Systems 
 
 Pipe joint systems currently available in New Zealand for some of the pipe 

materials are illustrated in the figures on the following pages. 
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Figure AX 1: Various Joint Details 
 
 
 
 
 
 

 
 

Figure AX 2: Ductile Iron-Aqualock Coupling 
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Figure AX 3: HDPE Joints 
 
 
 

 
 
 

Figure AX 4: µPVC Joints 
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Figure AX  5:  Ductile Iron Pipe Joints 
 
 
 
 
 
 

 
 
 

Figure AX 6: Concrete Pipe Joints 
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Figure AX 7 SWP Joint Details 
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Figure AX 7 SWP Joint Details (cont.) 
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