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1 Foreword

At the request of MOP representatives, WSP has been instructed to provide further
information relating to the previously submitted risk assessment for tsunami hazards in
Milford Sound Piopiotahi to support the MOP business case submission.

MOP has requested that the risk assessment outcomes are presented in a format more suited
to the MOP objectives for Milford Sound Piopiotahi than the previous WSP report (ref), which
follows the GNS Guidelines for Natural Hazard Risk Analysis on Public Conservation Lands and
Waters (2022).

Through discussion with the MOP representatives, it has been made clear that this
supplementary information request is to be an addendum to the REV D report (WSP, 2024)
previously published and that the supplementary information presented in this document has
not been externally peer reviewed.

It should be noted that, whilst the risk assessment outcomes are consistent with the REV D
report, the approach to the risk calculation and presentation of data outcomes is different. This
is explained in detail below. The outcomes of this supplementary assessment do not
supersede or replace the conclusions and risk values presented in the REV D report.

2 ~Introduction

For tsunami hazards the REV D risk assessment report (WSP, 2024) considered risk for the
Milford Sound Piopiotahi area (including Freshwater Basin, Deepwater Basin, Cleddau Delta,
Visitor Hub, Milford Sound Lodge, and Little Tahiti).

Three landslide-induced tsunami events, MLE, MCE and AF8 (most likely event, maximum
credible event, and alpine fault event) were considered and estimates of fatality risk for visitors
and workers in Milford Sound Piopiotahi were then calculated.
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Return periods and wave heights for the events were based on published work (Dykstra, 2012;
Taig & McSaveney, 2015; AF8, 2024).

The three landslide-induced tsunami events considered as part of this report are as follows:

- The most likely event (MLE) considers a ~1:1000-year annual exceedance probability
(AEP) landslide-induced tsunami wave with a 6.3 m runup at Cleddau Delta.

- The maximum credible event (MCE) considers a ~1:17,000-year AEP landslide-induced
tsunamiwave with a 459 m runup at Cleddau Delta.

- The alpine fault event (AF8) considers a Magnitude 8 earthquake (AF8) triggering a
landslide-induced tsunami in Milford Sound Piopiotahi. This is estimated to have a
~1150-year AEP landslide-induced tsunami wave with a 5 m runup at Cleddau Delta.

Visitor risk was expressed in individual risk per day (IRPD) for one-off visits to Milford Sound
Piopiotahi while worker risk was expressed in Annual Individual Fatality Risk (AIFR) for
individuals working in Milford Sound Piopiotahi.

To estimate risk, the probability of each tsunami wave reaching exposed individuals in Milford
Sound Piopiotahi P and the chance of fatality (Vulnerability V(o) was calculated using
professional judgment informed by topographical information and methods presented in
international studies.

For detailed methodology of this risk assessment, the reader is referred to the previous WSP
report (WSP, 2024).

The results of the risk assessment were reported in the REV D report (WSP, 2024) in direct
accordance with the published GNS Guidelines for Natural hazard Risk Analysis on Public
Conservation Lands and Waters (2022) and this work was externally peer reviewed by the
Department of Conservation (DoC) and their nominated peer review panel (AECOM).

Due to various complexities and uncertainties in the calculation of risk for individual
sites/locations as well as the likely skew of higher risk towards coastal areas the results of the
risk assessment were, at the direction of the peer review panel, amalgamated as one area of
risk, i.e. the risk values calculated for individual sites were combined. This enabled an
assessment of the average risk presented for the Milford Sound Piopiotahi areas.

In addition, the previous REV D report (WSP, 2024) presented risk calculations for Societal risk
in terms of annual probable lives lost (APLL). This supplementary assessment does not
consider Societal risk at individual sites/nodes.

3 Supplementary Assessment (June 2024)

As noted above MOP has now requested that WSP consider the risk values for individual
sites/nodes in Milford Sound Piopiotahi as opposed to the amalgamated approach presented
inthe REV D report.

This addendum therefore presents the risk estimates for visitor and worker risk at each
site/node identified in Milford Sound Piopiotahi to the three landslide-induced tsunami
events, MLE, MCE and AFS8.

However, it should be noted that there is significant uncertainty and limitations in
determining risk parameter values for individual site locations due to the complexity of
landslide-induced tsunami events, tsunami wave dissipation, and likelihood of fatality given a
certain wave height, topographic considerations, and population at risk distribution.

The results presented in this report should be considered preliminary and must therefore be
accompanied with the limitations and assumptions presented in Section 6 below.



Calculated risk values are compared to existing risk tolerability criteria developed by the
Department of Conservation (Table 1) (DoC). DoC has developed visitor-type classes which
include the typical activities undertaken and the relative risk tolerance levels for each class. To
determine risk tolerability for the average visitor and worker, the DoC risk tolerability criteria
for lower risk tolerance sites have been used. This assumes the predominant visitor class in
Milford Sound Piopiotahi are Short Stop Traveller (SST) and Day Visitor (DV).

Table 1:The DOC risk tolerability criteria for sites used in this studly.

Risk level IRDP (visitor) AIFR (worker)

(lower risk tolerance site)

High/Extreme >1.00E-05 >3.00E-04

Substantial >1.00E-06 >1.00E-04
Moderate higher 1.00E-07 to 1.00E-06 >1.00E-05
Moderate lower n/a >1.00E-06
Low <1.00E-07 <1.00E-06

4 Updated Results

41 Most likely event (MLE) and maximum credible event (MCE)

Table 2 below presents the results of the tsunami risk assessment for visitors (IRPD) and
workers (AIFR) exposed to the most likely and maximum credible landslide-induced tsunami
events in Milford Sound Piopiotahi.

Risk values are a product of the hazard probability Py, hazard impact probability P,
vulnerability Vo, and the annual exposure for visitors and workers Pt (Appendix - Table 4 and
Table 5).

Exposure times adopted in this assessment are provided in Table 7 (Appendix) and are based
on current visitor and worker activity. As we have classified visitor and worker exposure in
bands in this report, Pt is given asa range with a lower and upper value. IRPD and AIFR
estimates include both the ‘most likely' and ‘maximum credible’ event to provide an overall
estimate of risk.

Visitor risk for tsunami in Milford Sound Piopiotahi is estimated as
- '‘Moderate’ to ‘substantial’ for Visitor Hub.

- 'Moderate’ for Cleddau Delta, Deepwater Basin, Freshwater Basin, and Milford Sound
Lodge.

- 'Low' for Little Tahiti.
For workers, risk is estimated as
- ‘Substantial' to ‘high/extreme’ for Cleddau Delta and Deepwater Basin.
- ‘Substantial for Freshwater Basin and Visitor Hub.
- '‘Moderate’ to ‘'substantial’ for Milford Sound Lodge.

- ‘Moderate’ for Little Tahiti



Table 2: Visitor (IRPD) and worker (AIFR) for both the most likely (SM17 - Taig & McSaveney
(2015)) and maximum credible (SM15 — Taig & McSaveney (2015)) landslide-induced tsunami
event in Milford Sound Piopiotahi. Rev D assessment in bold.

Site / Node

IRPD - visitor AIFR —worker
Lower Upper Lower Upper

Rev D report Milford Sound Piopiotahi

sites -combined
Cleddau Delta
Deepwater Basin
Freshwater Basin
Visitor Hub

Milford Sound Lodge
Little Tahiti

7.5E-07  1.5E-O6 1.3E-04 2.6E-04

meo7 32807 22604 R
11E-07  32E-07  22E-04

43E-07 75E-O07 1.4E-04 22E-O4
85E-07  1.7E-O6 1.5E-04 3.0E-O04
4.4E-07 8.8E-07 7.7E-05  15E-O4
0.0E+00 0.0E+00 23E-05 4.5E-05

Note -Little Tahiti IRPD values represent zero use or presence at the site.

472 Alpine Fault Event (AF8)

Table 3 below presents the results of the tsunami risk assessment for visitors (IRPD) and
workers (AIFR) exposed to the AF8 event in Milford Sound Piopiotahi.

Risk values are a product of the hazard probability Py, hazard impact probability P,
vulnerability Vo, and the annual exposure for visitors and workers Pt (Appendix Table 6).

Visitor risk for tsunami in Milford Sound Piopiotahi is estimated as

‘High/Extreme’ for Visitor Hub and Milford Sound Lodge.

- ‘Substantial’ to ‘High/Extreme’ for Freshwater Basin.

- ‘Substantial’ for Cleddau Delta and Deepwater Basin.

- ‘Low' for Little Tahiti.

For workers, risk is estimated as

‘High/Extreme’ for all sites.

Table 3: Visitor (IRPD) and worker (AIFR) for both the most likely and maximum credible
landslide-induced tsunami event in Milford Sound Piopiotahi using the cumulative return of
the Alpine Fault. Rev D assessment in bold.

Site

REV D report Milford Sound
Piopiotahi sites — combined

Cleddau Delta
Deepwater Basin
Freshwater Basin
Visitor Hub

Milford Sound Lodge
Little Tahiti

IRPD - visitor AIFR - worker
Lower Upper Lower Upper

1.5E-06 4.6E- O6
1.5E-06

0.0E+00  0O.0E+0O0

Note -Little Tahiti IRPD values represent zero use or presence at the site.



5 Summary

At the request of MOP WSP has presented the results of the completed risk assessment for
individual sites / nodes as opposed to the amalgamated results presented in the REV D report
(WSP, 2024).

The revised presentation of the results highlights the high and extreme risks presented to
workers and visitors to the coastal areas of Milford Sound Piopiotahi and the likely lower risk
for sites located inland and upstream of the Cleddau Delta.

However, the assessment of individual sites has been made using various assumptions,
limitations and engineering judgment, has not been externally peer reviewed and does not
align with the GNS risk analysis framework.

In addition, the assessment of Societal risk for both current and future populations
(visitors/workers) of the areas has not been undertaken as part of this supplementary report.

6 Limitations and assumptions

- The probabilities of the hazard occurring Py are based on Dykstra (2012), Taig &
McSaveney (2015) and AF8 (2024). The reader is referred to these studies for
uncertainties and limitations of earthquake and tsunami events.

- Probability of hazard reaching the site Py, exposure Py, and vulnerability Vion were
estimated for each site. These estimations are based on technical understanding of
the type of hazard, comparison with similar assessment undertaken elsewhere around
the world and discussion with the external peer review expert panel members. It
should be noted however that;

o Thereislarge uncertainty in estimating P due to little available knowledge of
what tsunami dissipation would occur overland and upriver in Milford Sound
Piopiotahi.

o Without detailed tsunami modelling — including detailed analysis of existing
infrastructure and structures any estimates for Py in Milford Sound Piopiotahi
are preliminary and have a high level of uncertainty.

o Separating Milford Sound Piopiotahi into individual sites results in more overall
risk parameter estimates as there are now six sites to consider rather than one.

- Exposure times between individuals may vary considerably.
- Future population distribution and use of the site by various visitor groups is uncertain.

- Vulnerability and stability of buildings is uncertain.
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Appendix — Risk Input Variable Tables

Table 4: Landslide-induced tsunami probability Py and vulnerability Vpr for the most likely
event in Milford Sound Piopiotahi. Most likely event probability is based on SMI17 presented in
Dykstra (2012).

Site Most likely event

Runup at Cleddau Delta (m) Py Prry Vo
Milford Sound Piopiotahi sites 63 88E-04 0.7 08
Cleddau Delta 6.3 88E-04 1 10
Deepwater Basin 6.3 8.8E-04 1 1.0
Freshwater Basin 6.3 88E-04 1 10
Visitor Hub 63 88E-04 08 08
Milford Sound Lodge 63 88E-04 06 05
Little Tahiti 63 88E-04 04 02

Table 5: Landslide-induced tsunami probability Puyand vulnerability Vor for the maximum
credible event in Milford Sound Piopiotahi. Maximum credible event probability is based on
SMI5 presented in Dykstra (2012).

Site Maximum credible event

Runup at Cleddau Delta (m) Py Prry Vion
Milford Sound Piopiotahi sites 459 59E-05 09 1
Cleddau Delta 459 59E-05 1 1
Deepwater Basin 459 59E-05 1 1
Freshwater Basin 459 59E-05 1 1
Visitor Hub 459 59E-05 1 1
Milford Sound Lodge 459 59E-05 1 1
Little Tahiti 459 59E-05 07 06

Table 6: Landslide-induced tsunami probability Pu)and vulnerability Vo1 for the Alpine fault-
induced events in Milford Sound Piopiotahi. Runup is based on SM7, SM10, and SM20
presented in Dykstra (2012).

Site Most likely Maximum credible
Runup p(H) p(T:H) \/(D:T) RUI’\UD at p(H) D(T;H) \/(D:T)
at Cleddau
Cleddau Delta (m)
Delta
(m)
Milford Sound 5 67E-03 06 0.7 459 67E-03 09 1
Piopiotahi sites
Cleddau Delta 5 67E-03 1 1 459 6.7E-03 1 1
Deepwater Basin 5 6.7E-03 1 1 459 6.7E-03 1 1
Freshwater Basin 5 67E-03 1 1 459 6.7E-03 1 1
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Visitor Hub

Milford Sound
Lodge
Little Tahiti

5 67E-03 07 0.7
5 67E-03 05 04
5 67E-03 03 02

459 ©6.7E-03
459 6.7E-03

459 6.7E-03

Table 7: Estimated visitor and worker exposure in Milford Sound Piopiotahi.

Site

Milford Sound Piopiotahi
sites

Cleddau Delta
Deepwater Basin
Freshwater Basin

Visitor Hub

Milford Sound Lodge

Little Tahiti

Visitor Expsoure P

Lower

0.00136986
3
0.000M4155

0.000M4155

0.0004566
21
0.00136986
3
0.00136986
3

o)

Upper

0.00273972
6
0.00034246
6
0.00034246
6
0.00079908
7
0.00273972
6
0.00273972
6

@)

Lower

023744292
2
0.23744292
2
023744292
2
0.14840182
S
0.23744292
2
023744292
2
023744292
2

1 1
1 1

07 06

Worker Exposure Ps

Upper

0.47488584
5
0.47488584
5
0.47488584
5
0.23150684
9
0.47488584
5
0.47488584
5
0.47488584
5





