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Presentation overview and introduction

Brumadinho dam disaster (Brazil) - 25 Jan 2019
270 deaths

Landslide dams in New Zealand (NZ)

A >500 formed in last few decades
A NZ Landslide Dam Database

Methods for assessing landslide dams

A Case studies : assessing failure modes,
longevity and downstream impacts

A Kaiwhata landslide dam

A Hapuku landslide dam

Wlklpedla./,-—

A rapid failure and breach event can have devastating
impacts on downstream life and critical infrastructure.
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NZ Landslide Dam Database
(NZLDD)

assessing landslide dam formation
potential, stability and longevity.

A Significant increase in catalogued
landslide dams globally ( 1434,
Shan et al. 2020)

A Contains 1036 dams, with a
representative subset of 265

A Includes dams generated during
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Background FE landslide dams in NZ

Early 2000s (Korup 2004)

2023 (Morgenstern et al. in press)
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A ArcGIS geodatabase
U 5 feature classes + 1 table
A Site ID that links all components

S: Source

DT: Debris Trail
D: Dam

L: Lake

Bold = all dams (where possible) | Bapking_Method

All other = ArcPy (where possible) | Location_Accuracy
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DamsSite (Master Point Feature Class)

OBJECTID

DamsSitelD (PK) °
sitelD

X_Dam

Y_Dam

Z_Dam Dam site-specific
info

A_LS_debris_sum
V_LS_debris_sum
Material_LS
Type_LS

Trigger

Type_Dam

DBl
Upstream_Catchment_Area
W_Channel_at_Dam
Grad_Channel_at_Dam
DateFormed_Dam
FailureMech_Dam
Dam_breach
Dam_breach_details
Dam_Stability
Q_at_Failure
Confidence
Comments
References
SUBSET

MetadatalD (FK)

£.1% Morgenstern et al.
(in press)

Source (Polygon Feature Class)

OBJECTID

SourcelD (PK)

SitelD

Source_Geology

V_S

References Source-specific
SUBSET info
Shape_Length

Shape_Area

DebrisTrail (Polygon Feature Class)

OBJECTID

DebrisTraillD (PK) O
SitelD
References
SUBSET
Shape_Length
Shape_Area

Debris trail-specific
info

/talics = subset only | Completeness

QualityRanking (Table)

OBJECTID
MetadatalD (PK)
Reference
Reference_full
Data_Source

QR_Method
QR_Completeness

Polygon_Accuracy
Mapping_Scale
QR_Accuracy
QR_OVERALL

Dataset-specific
info

Dam (Polygon Feature Class)

OBJECTID

DamiD (PK) O
SitelD

Dens_Dam

References

SUBSET Dam-specific
Shape_Length info
Shape_Area

Lake (Polygon Feature Class)
OBJECTID

LakelD (PK)

SitelD

D_Lake

V_Lake Lake-specific
References info
SUBSET

Shape_Length

Shape_Area

PK: primary key; FK: foreign key
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8.2% @ Neogene Sedimentary

W Cretaceous-Paleogene
Sedimentary

@ Igneous

W Basement

7.5%

9.6% Landslide material and movement type
2.1% 23.7%

9.5% B Rock falls

L% Morgenstern et al. (in press)

B Rock avalanches

Methods

A Mapping of newly identified dams
A Compilation and re -mapping of previous data

B Rock slides and topples

@ Debris&mixed avalanches
B Debris&mixed falls
Debris&mixed slides
14.2% B Debris&mixed flows

18.6% m Slope deformations & spreads

W Complex

- - 13.1% A
StatIStICS Triggering mechanism

M Earthquake
B Rainfall

Majority of dams in the database have formed:

[ Miscellaneous na tural
W Unknown
B Unclassified

In greywacke basement terrane (60 -68%)

Rock avalanches, falls, slides and topples (51 -52%) -
Hungr et al. (2014) classification

From EQ-trigger (30 -62%), where classified

Dam Type | & 11 (83 -87%) - Costa & Schuster (1988)
Have since breached completely and no longer
impound water (59 -63%)

Dam type

BTypel

B Typell
B Type lll
BEType IV
ETypeV
B Type VI

To Po o o Do

42.8%
Significant dam -forming events Left: exclude Kaikoura; Right: full database Der bpechtype
reach ty
Event Type # dams 162% i o Bresch
2020 Gisborne rainfall 5 sion el 2T%. L B Partial Breach A
2016 Kaikoura earthquake 470 6.5% 0% mPartial Breach B
2011 Hawkes Bay rainfall 3 ® Complete Breach
2009 Fiordland earthquake 3 m Unknown
2004 Manawatu rainfall 5 B Unclassified
2003 Fiordland earthquake 10 58.8%
1968 Inangahua earthquake 40 . 62.7%
1929 Murchison earthquake 61 o 14.7% 12.1%
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Assessing landslide dams in NZ

6-step approach:

1.

Initial desktop modelling to determine scale of
hazard and impact

Collect high -resolution topographic surveys of the
dam and downstream floodplain

Investigate and identify dam  -forming materials

Revise breach mechanisms/models using field data to
identify dam failure scenarios

Revise numerical simulations for each scenario

Overlay dam failure and inundation scenario models
on asset maps to identify life, property and
infrastructure that are potentially at risk

L% Morgenstern et al. (2021)

methods

1.

Initial inundation
modelling using
empirical
relationships

2.
Field-based &/or
remote sensing
data collection

l

4.
Revise models &
identify
scenarios

3.
Investigate dam
materials

l

5.

Revise numerical
simulations &
define
inundation

6.
Overlay models
on asset maps
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Case study 1: Kaiwhata landslide dam

Landslide dammed Kaiwhata River

1.00E+07
1st June 2020 following heavy rain
1.00E+06 7o -
A . 90% Data collected over 4 weeks (from just after
rooess Probability of failure formation to immediately post  -failure

1.00E+04 |~

- o o Kaiwhata 2019

1.00E+03
L] Stable

® Unstable

Dam volume / Max dam height (m

1.00E+02 M case studies

1.00E+01 =~
1.00E+05 1.00E+06 1.00F+07 1.00F+08 1.00E+09 1.00E+10
Upstream catchmentarea (m 2)

Dimensionless Blockage Index (DBI) tool

Probability of dam failure: regional ~ -scale assessment based
~ondam geometry and catchment area (stream power)
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Kaiwhata FE event timeline r
June 6 ™ By June 12 June 13 th ﬁ o - Zj :
Field data indicated: - Outflow channel  had formed * - . mzx

- dam height: ~ 16 m - Seepage and slumping observed rimesecond

- dam volume: ~110,000 m 3 - Lake level was still 1.2 m below

- lake volume: 600,000 m 3 max

- Dam failed 9.15pm (steady all -day rain)

- Released ~1 M m 2 water in < 1.5 hours

- Peak discharge: 900 m 3/s (100 yr flood:
15 m 3/s)

- Full breach: due to throughflow and

- PSD:D50 was 3 mm (mudstone
with clay + glauconitic sandstone)

Dam cross -section

slumping; ultimately via overtopping
10m grid

[ \
| 2043 lidar—| \ / AN [ 12018 SEM+ I
G5 / g
O 51 0 ] - 5 R [ 2% o |
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Green dots are surveyed control

June 14 @&

| surveyed low point 46.5\ m
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Kaiwhata [ flood extent

Trash line surveying  (field mapping of floodplain day after the
event

A Entire floodplain inundated with 1-2 m of water (max 600 m
wide and 6 m depth )

A Failure occurred in  multiple pulses
A No one hurt, no buildings or infrastructure damaged

Stranded terraces

Field mapped flood extent j 5
N

I ke outiine at 47.2 m AMSL
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Field mapped flood extent

The breach and inundation models were trained
using empirical data
A lake level and volume ORI\ E I e
A rainfall (i aul S o . e S8 O A
A eyewitness accounts Ve Y I il i BBP W
A breach hydrograph
A flood extent

U Back analysis of dam failure J comparing
modelled flood depths and extents with
field -mapped depths and extents

U Initial model: overestimated water depths
and velocities (importance of field data to
check input parameters and  verify model
results

L.l Morgenstern et al. (2021)
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M,: 1; NdInixud
(14 Nov 2016)

A Regional -scale response ;
A ~30 faults ruptures . S —
A c. 30,000 landslides e wenpon
A Initial assessment: ~200 landslide dams o S %;_?’fo_z
A Now mapped: 470 landslide dams (NZLDD) _ %sj;’:
A Life safety risk and impact on infrastructure  : stability of ;' A gg:jz
these dams (7 in particular) was a major concern ". 4 — Ry
\ 4 P 12-14
A HapUkU: \‘\ LS /I\/(Iprg/é{r/]vstern etal. (2021) A [ as
A 9 km upstream of main highway + rail corridor R — L

T~
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| 1 Dataset epoch: [l Wl Oider to younger
| O | e} T

: 3 ‘ : S
- - _% ki . [ B ) (] ® @ 9 o (] ® 0 00 ® 9
Q4. Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 @4 Qf
2016% 2017 2018 2019 2020 2021 2022
” N K% ' . ', 3 o ’ ’

b,
—w

14t Nov 2016 (T -0)
w ‘, W dA %Ogrh ﬁiglfhvdgm forms with ~1 M m?3 lake
; A Seepage, piping + headward erosion begins
=2 A PSD:D50 was 4-30 mm (greywacke)

ooooo

28" Mar 20t Apr 2017 (T ~4.5 months)

A 1st mod -intensity rainfall event (cyclones)
A Partial breach 1: overtopping + gradual erosion

of ~0.4 M m 3, peak discharge ofupto 12 m3/s
A Debris flood 9 km downstream 40 mins later

12-19t™ Sep 2017 (T 10 months)

A Partial breach 2
A Not associated with a storm
A Peak discharge of 90 m 3/s

Wolter et al. (2022)

17t Nov 3" Dec 2018 (T 2 years)

A Partial breach 3: 1.4 M m 3 erosion
A Most significant erosion event
A Spring storm following 4 months of dry weather

s

] 20 40 60 80 100

120 140 160 180 200 220 240 260
Distance (m)
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- | Partial breacin 1 = —ssmer —som:
2o |1 . Scenario 1 qAssumed linear channel erosion
g™ \ A erb-breachdam crost £ 10 Scenario 2 Assumed ipstant channel erosion
=ea / \’\ " . g .
2542 { 4 g
B g | \ _E °
Lo ) 8 \é\/\ g 4
e o) . Post-breach damcrest 2

83 ] 10000 20000 30000 40000 50000 60000

26/03/2017 5042017 15/042017 25/0472017 5/05/2017 15/05/2017 25052017 4/06/2017 14/06/2017 Time (seconds)

Time

28" Mar 20t Apr 2017 (T ~4.5 months)

A 1st mod -intensity rainfall event (cyclones)
A Partial breach 1: overtopping + gradual erosion
of ~0.4 M m 3, peak discharge of up to

12-19t™ Sep 2017 (T 10 months)

A Partial breach 2
A Not associated with a storm
A Peak discharge of 90 m 3/s

17t Nov 3" Dec 2018 (T 2 years)

A Partial breach 3: 1.4 M m 3 erosion
A Most significant erosion event
A S‘f;pring storm following 4 months of dry weather

Partial breach 1
RAMMSs modelling

12 m?3/s
A Debris flood 9 km downstream 40 mins later

1611; 120 21

L1 1] |

1 i|it|l 5 6 7 8 9 10 1" 12 13 14 15

22

Dataset epoch: [l Wl Oider to younger
T

Survey method: O Photogrammetry @ UAV @ TLS @ LIDAR
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A Outflow channel erosion
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Wolter et al. (2022)
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Kaiwhata vs Hapuku landslide dams

Emplacement
mechanism

Source material type
Source material UCS
Source material age
Deposit D50

Lake volume (lowest
point on dam crest)

Peak breach
discharge

Breach type

Longevity

Lake status

Debris avalanche,
single event

Soft mudstone

2 MPa

Neogene (23-2.6 Ma)
3 mm

1Mms

900 m3/s

Complete, rapid within
1.5 hours, overtopping

4 weeks

Fully evacuated

Rock slide, multiple pulses, highly
sheared, debris consolidated post-
emplacement

Hard greywacke

100 MPa

Early Cretaceous (145-100 Ma)
4-30 mm

1.2Mms3

12 m3/s

Partial, gradual headward erosion over ~1
month, followed by multiple overtopping
events

4.5 months (partial); 7+ years

Remnant lake

L% Wolter et al. (2022)
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NZ landslide dams E more information

What is a landslide dam? Hapuku landslide dam tour 2019 Landslide dam hazards:
11/03/2021 15/04/2021 assessing their formation, failure
- modes, longevity and
www.slidenz.net | P
06/04/2021

Morgenstern et al. (in press) The New Zealand landslide dam database, v1.0. Landslides



Conclusions
Of0

A New NZLDD Qadded to global datasets to assess landslide dam formation potential, stability and longevity [w]

A High resolution data  and other field data are required to assess landslide dam hazards and monitor and quantify dam evolution. They
show the complexity =~ of dam breach and evolution processes, which are often oversimplified

A The three main factors  that contributed to dam stability and longevity are source material and volume, emplacement mechanism
and catchment characteristics

A Empirical data are used to train, revise and calibrate breach and inundation scenario models to more accurately inform life safety risk
and manage potential impacts on downstream infrastructure in the event of a rapid dam failure






	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

