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NTHS Overall Approach

HAZARD REVIEW (Stage 1):

Does a Hazard Exist?

ASSESSMENT (Stages 2 & 3):

What is the Hazard?

Where is it?

Can it Happen Again?

How Big is it?

What will it affect &

Possibility of First Time Failures?

MITIGATION STRATEGY (Stage 4):
What is the Best Way of Mitigating the Hazard?




Design Event
Generally a Qualitative Assessment Approach
Mobility / Proximity Assessment
Landslide Size and Susceptibility
Consequence Consideration
Uncertainty Built in and Conservatism Often Applied

Good Engineering Geological & Geomorphological
assessment required to determine appropriate volumes
and potential for :

LOW FREQUENCY /
e LD HIGH MAGNITUDE

EVENTS = 1:1000 EVENTS > 1:1000 2?2
year year

Design Event

 Historical landslide record (NTLI, ENTLI, LLS, Boulder
Field, Additional API, Field Mapping).

Interpreted Engineering Geological / Geomorphological
Setting.

Hazard Model for Open Hillslope Landslides,
Channelised Debris Flows, Deep-seated Slides, Rock
Fall & Boulder Fall.

Predicted landslide source volumes and run-out
characteristics (interpreted through debris flow modelling
back analysis of historical landslides wherever possible)

ARUP




Aerial Photograph Interpretation

Key Elements for the Design Event Estimates

« |dentification of landslide history
 Landslide Inventories of location / size / volume / run-out etc.
» Comparison with GEO Report No 138 tables
 Landslide frequency and susceptibility

Initial interpretation of regolith types
 Soil Morphographical Maps

Determine geomorphology of Study Area
* Morphological Maps
» Hazard Maps

Run-out models and assess landslide mobility

Consequence model

Field Mapping
Key Elements for the Design Event Estimates
» Confirm observations made during the API
» Confirmation of Landslides, Hazards and Models

* Regolith Mapping
* Soil types and distribution
» Thickness estimates

* Channel Mapping
» Channel Morphology
» Channelisation Ratio
 Entrainable Material Estimates

« |dentification of Hillslope Distress
» Tension cracks

» Consequence model confirmation




Development of the Hazard Model

Schematic Hazard Model (after Parry & Ng, 2007)

ARUP

* Supplemented with TGN 22
and various other GEO
Reports




Facility Types

« Site Inspection

 Existing Facility Types for
LPMit

e LPMit should be Group 1
or 2 ONLY ?

GEO Report No 138 — Design Event

Susceptibility Classes

* APl Record
* Field Mapping
Relict features

Geological /
Geomorphological control

Similar nearby terrain

Judgement

GEO Report No 138 — Design Event




Consequence Classes

e Proximity run-out model
* Cross-sections

* LPMit should have
identified these correctly

GEO Report No 138 — Design Event

Design Requirements

CE = 1:100 year landslide from API
record

WCE = Notional 1:1000 year landslide
from Geomorphology and Relict
Features

GEO Report No 138 — Design Event



Landslide Data

» Grouped into the various Landslide Types
* Open Hillslope
Channelised Debris Flow
Deep Seated
Boulder Fall
Rockfall

How large ?
How mobile, Travel Angle, Travel Distance ?

API and Field Mapping usually provides this data

Landslide Volume and Frequency

GEO Report No 138 — Design Event

Magnitude Cumulative
Frequency Curves

* More suited to larger regional /
area study with lots of landslides

« Site specific due to differences in
geomorpholgy, terrain and

geology
 Errors can occur dependent on

the completeness of the Historical
Landslide data set
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Magnitude Cumulative Frequency Analysis — Problems
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Landslide Debris Travel Distance




Landslide Debris Travel Distance

Horizontal Travel Distance

Observed Travel distances
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Landslide Debris Travel Distance

Horizontal Travel Distance

Design Event

GEO Report No 174
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Debris Run-out (Empirical Approach)

 Travel Angle or Angle of Reach Approach

Crown ...

* Typically assessed based on area specific case
histories

Design Event GEO Report No 174
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Design Event GEO TN 7/97
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Figure 10a - The Lower Bound Envelope of Angle of Reach

Design Event GEO Report No 174




Run-out Trail Definition

* Run-out trails initially based on GIS generated Digital
Elevation Models (DEM)

* DEM’s only as accurate as the survey data used to
generate them

* Field verification often required

* Detailed site-specific topographic surveys greatly
enhance the accuracy of any modelling.

* LIDAR very important
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Landslide Trajectories and Runout

Debris Path & Mass Balance

* Record debris entrainment and deposition thickness
along the run-out trail
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Debris Path & Mass Balance
* Mass Balance Approach (Active Volumes)

35° Down Slope Angles
Channel Cross Sections
or Channelisation Ratio

T~ (width to depth)
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» Entrainment Slope Angle > 23 deg Active Vol = 850m?

« Deposition when Channelisation Ratio > 7 to 10

Vol = 850m?
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Debris Path & Mass Balance
» Back Analysis of Previous Landslide




Debris Path & Mass Balance

» Back Analysis of Previous Landslide
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Example Site - Morphographical Map



Example Site - Geomorphological Model (Terrain Unit Map)

Example Site - Landslide Hazard Map

ARUP
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Determine “Worst Credible” Design Event — OHL Hazard ARUP

Based on site-specific / local
area landslide history (largest
historical event with estimated
return period <1,000 years)
and due consideration of
potential source areas /
volumes

Determine “Worst Credible” Design Event — CDF Hazard ARUP
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Mitigation Measures Strategy and Design

Passive or Active Mitigation Strategies
Passive

* Protect / relocate / avoid

» Early engagement / consultation required
Active

* Source Area
* Soil nails, subsurface drainage, regrading etc.

* Deposition Area
» Energy dissipation, fences, walls, containment barriers,
deflectors etc.

Mitigation Measures Strategy and Design

Input Parameters for Mitigation Design :
* Type of landslide hazard

* Volume or size of hazard / debris at proposed
mitigation location

* GEO Report No 104 or Debris Flow analysis
required for
 Landslide velocity
* Debris thickness and runup heights
* Impact pressures / loads
. etc
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Thank You
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