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ABSTRACT: This paper summarizes the findings of the recently completed Hawke’s Bay
Engineering Lifelines Project. It is the first provincial lifelines project completed in New
Zealand.

Earthquakes pose the highest natural hazard risk to lifelines in Hawke’s Bay. Studies indicate
that the region is one of the most earthquake prone regions in New Zealand with at least 22
known active faults and folds that are capable of producing strong earthquake shaking. Large
subduction thrust earthquakes can produce high levels of shaking over a large part of the region.

Seismic hazard studies and the history of the 1931 Hawke’s Bay earthquake enabled risk
assessments to be made with examples of how lifelines may be affected.

Mitigation measures currently being undertaken and those possible in the future are discussed.

1 INTRODUCTION

The Hawke’s Bay Engineering Lifelines Project, which started in 1998, has just reported on
Stage One. Stage One involved defining the risk posed to engineering lifelines from natural
hazards and elements of highest risk. Further stages will involve monitoring and encouraging
mitigation of the identified risks and using the information gathered within emergency
management and response planning.

The project involved inputs from over 24 organisations that manage and operate over 30 utility
lifelines in the region covering transportation, civil services, energy and communication.

This paper describes those aspects that were distinctive to the Hawke’s Bay Engineering
Lifelines Project, the region’s networks, the natural hazards studied, the major findings and
discusses mitigation measures underway and possible in the future.

2 THE PROJECT

The Hawke’s Bay Engineering Lifelines Project is one of a series of 14 lifelines projects
underway or competed in New Zealand. It is distinctive in being the first provincial project to
report its findings. It has experienced a number of issues that are more prominent for provincial
projects. These include:

The major networks are often sections of national networks and so can be affected by, and
can effect, events outside the region,
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Some of the networks consist of single strands running the full length of the region,

There are many individual sites along each network that can be subject to risk from one or
more natural hazard,

The same segment of a utility network can be given varying importance rankings when
considered either regionally or locally,

" Most of the project participants are the local network managers and operators who are not
necessarily specialists in risk assessment or risk mitigation.

The Hawke’s Bay project followed the now well-established methodologies based on the
experience of previous projects and adopted by the National Lifelines Forum. These conform
with AS/NZS 4360:1999, Risk Management.

Slight adaptations to the qualitative method in the standard as allowed, were made in order to
identify those few extreme risk elements that should be a priority for mitigation.

One adaptation was to reduce the percentage of combinations of ‘Likelihood” and
‘Consequences’ from 33% to 15% that result in an ‘Extreme Risk’ rating. Another adaptation
was the development of a semi qualitative approach giving numerical values for vulnerability
and impacts. The numerical rankings then gave a ranking of the risk for the various elements.

3 NATURAL HAZARDS

This project adopted an “all natural hazards” approach that included:

Earthquakes

Meteorological Hazards

" Flooding
Volcanic Impacts
Landslides

Tsunami

The project also included a study of the underground aquifers in the region and their potential
for contamination of these vital water supplies.

4 EARTHQUAKE

Studies for the project on the seismicity in Hawke’s Bay indicate that the region is one of the
most earthquake prone areas of New Zealand.

Hawke’s Bay has at least 22 known active faults and folds that are capable of producing strong
earthquake shaking in the future. At least 5 of these are capable of producing levels of
earthquake shaking similar to those experienced in 1931 on the Heretaunga Plains.

Large subduction thrust earthquakes on the interface between the Australian and Pacific plates
occur frequently and are capable of producing high levels of shaking over a large part of the
region.

Liquefaction susceptibility maps were prepared to show the distribution of deposits that could
liquefy during strong ground shaking. The results of this mapping indicate large parts of Napier,
Wairoa and Otane are underlain by deposits with a high or very high susceptibility to
liquefaction.

The hazard associated with subduction faults is difficult to quantify but is a very important
element of seismic assessment for the Hawke’s Bay region.
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The subduction zone in the North Island is unusual in two ways. Firstly, much of the convergent
margin is above sea level meaning that subduction events occur much closer to populated areas.
Other subduction zones are located more offshore such as off Japan. Secondly, the direction of
convergence is not perpendicular to the general NE-SW strike. This oblique convergence results
in the presence of major strike slip faults parallel to the coast such as the Ruahine and Mohaka
Faults.

The component of motion perpendicular to the coast is assumed to be taken up by combination
of slip on the subduction interface and slip during thrust type earthquakes on shallow faults such
as in the Poukawa Fault Zone.

Rayners (2000) has estimated that large subduction zone thrust events with a magnitude of 7.7
have a recurrence of about 550 years in Hawke’s Bay and involve an average slip of about 3
metres of a segment of tectonic plate with an area of 120 km long by 45 km wide (see Figure

1).
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Figure 1 - The inferred updip and downdip limits of the seismogenic zone of the plate interface
in Hawke’s Bay. The heavy lined rectangle indicates the portion of the seismogenic zone that
might rupture in a single large subduction thrust earthquake.

Such an event would be expected to produce both uplift and subsidence as shown on figure 2.

Hull (1986) has used peat layers in the Ahuriri Lagoon near Napier to demonstrate that the 1931
co-seismic uplift in this region was a reversal of a subsidence trend.

The seismic studies were used to produce three scenario events that were considered when
assessing the risk from the earthquake hazard. These events were on the:
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Figure 2 — Elevation changes resulting elastostatic dislocation
modeling of the proposed M,, 7.7 subduction thrust earthquake in
Hawke’s Bay. Solid contours denote uplift and dashed contours
denote subsidence and the contour interval is 0.2m.

A montage of these three scenario events is shown on figure 3.

5 TSUNAMI

The low-lying parts of Hawke’s Bay, such as the Heretaunga and Wairoa Plains are the most
densely populated and also the most prone to damage from tsunami. This combined with the
fact that Hawke’s Bay is very close to an active tectonic plate boundary, makes tsunami a real
and significant hazard for the region.

McSaveny and Ruttenberg carried out a probabilistic approach to assess the tsunami hazard.
This approach resulted in far higher wave heights than for those derived for the same
probabilities using historic information only. Activity on the nearby tectonic plate boundary and
the potential for submarine landslips to occur of the East Coast increase the probability that
tsunami can be generated that would have a severe impact on parts of the shoreline, with very
little warning.
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6 ASSESSMENTS

Historic natural disasters in Hawke’s Bay provided examples of the sort of damage that is
possible in Hawke’s Bay. Records and reports from relatively recent events such as the
Magnitude 7.8 1931 Hawke’s Bay Earthquake, Cyclone Bola 1988, and numerous other
flooding events gave a touch of reality to the assessments. The report by Scott (1931) describes
how the lifelines in Hastings were affected in 1931 and the measures undertaken to restore life
and business as usual. It also provides valuable information for future emergency response
planning.

7 MAJOR FINDINGS OF THE PROJECT

The seismic hazard poses the greatest risk to all networks especially to structures such as
bridges and wharves, utility control centers, and communications centres. Landslips and
flooding are potentially the next most serious hazards.

At junctions of underground civil services there is a risk they will fracture, especially where
pipes are made of brittle materials and are in areas with high liquefaction potentials.

The installation of automatic shut off valves to reservoirs should be considered to help protect
community water supplies during a major earthquake

The supply of electric power to Hawke’s Bay is limited by the capacity of the single 220 kw line
from Wairakei to Whirinaki. If this supply were lost alternative sources would not be capable of
maintaining full economic production in the region.

Hawke’s Bay needs a well-designed and constructed regional civil defence emergency operating
center.

8 MITIGATION MEASURES

This project will continue to encourage the operators of the utility networks to mitigate the
extreme risk they have identified and anticipate they will incorporate appropriate measures as
part of their works programmes over the next few years.

It is acknowledged that some networks have ongoing programmes of risk assessment and risk
mitigation. This project will have provided some additional information to enable better priority
assessments for their continuing work.

Already some networks have set about mitigation measures based on assessments made during
the project. Where the measures are appropriate they can often be more economically and easily
be incorporated as part of upgrade or redevelopment programmes.
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Figure 3 — A montage of Earthquake Hazard Scenarios showing Earthquake Faults, Ground Shaking
Intensity (MM) and Liquefaction Potential
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