Appendix A.9:
Vangelis Ln and Fernbrook Pl - CPT 49582
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Table 1: Site Description for Vangelis Ln and Fernbrook Pl (CPT 49582).

Yes/No Svmbol i
Attribute 10-m 20-m 50-m | Description/Date F}ilr?lrg 11n
Buffer | Buffer | Buffer &
The center of the site is 90 m away from
Near a body of one creek (~2.0 m high, N-S free face),
surface water or No No No 170 m away from another creek (~2.5m NA
other free face high, NW-SE free face), and 1960 m away
features? from the Avon River (~2.5 m high, SW-NE
free face ).
zal‘fiiilin Absence of ground cracks indicates no
p 5 No No No lateral spreading, as observed by the NA
observed during mabpine team.1
the CES? pping tearm.
. Bulldlng coverage of the 20-m z%nd 50-m White Fill +
Nearby buildings buffers is 1% and 23%, respectively.
No Yes Yes o Brown
or structures? Buildings are spread throughout all .
Outline
quadrants.
Flat land, residential area with free field in
. 7 )
Sloping land? No No No the E portion of the 50-m buffer. NA
Step changes in Elevated playground is in the SW &i{g;ﬁ?i
the ground No No Yes | quadrant of the 50-m buffer and occupies
Yellow
surface? 2% of the area. .
Outline
Retaining walls? No No No NA NA
Trees and bushes cover 3% of the 10-m
buffer, 20% of the 20-m buffer, and 26% White Fill +
Vegetation? Yes Yes Yes | of the 50-m buffer. They are in the E half Green
of the 10-m buffer and throughout all Outline
quadrants of the 20-m and 50-m buffers.
Anthropogenic Garage building in the SE quadrant of the Building
chan els) t({)g the Possibl 50-m buffer was built between Mar 2009 | Addition in
nang No y No and Jun 2009. Preparation of soil for grass | 2009:
site between the Yes o ) .
LIDAR surveys? planting in the free field might have taken | Orange
' place between Mar 2009 and Jun 2009. Crossline
Low-motor-vehicle-volume, two-way
roadway occupies 70%, 33%, and 9% of
the 10-m, 20-m, and 50-m buffers,
Other important respectively. It affects all quadrants of the | Road: White
factors? p Yes Yes Yes | three buffers and spreads mainly through | Fill + Gray
' the NE quadrant of the 50-m buffer. Outline

Access road covers 1%, 4%, and 3% of the
10-m, 20-m, and 50-m buffers,
respectively, and is in their SW quadrants.

Note: Buffer is the area within a circle of a specified radius with CPT investigations done at its center
(172.650158°,-43.501489°).

! Canterbury Geotechnical Database. (2012). "Observed Ground Crack Locations", Map Layer CGD0400 - 23
July 2012, retrieved July 09, 2018 from https://canterburygeotechnicaldatabase.projectorbit.com/
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Figure 1: Site plan with areas where LiDAR survey data is con51dered

Note 1: Two patches (outlined in red) in free field were initially selected for settlement assessment
as areas free of vegetation and structures. Further analyses revealed that Patch A is closer to a CPT
than Patch B and has borehole investigations done in its proximity. Hence, Patch A was selected for
detailed settlement assessment while Patch B was discarded in detailed settlement assessment. In
addition, since significant amounts of ejecta were observed on roads in the CES, Road was considered
for settlement assessment. Roads as hard, relatively flat surfaces provide many ground-classified
points. Therefore, it is useful to compare settlement estimates on roads with settlement estimates for
the patch.
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Table 2: LiDAR flight error adjustments, global adjustments for the difference between
average LiDAR point elevations and benchmark survey elevations, and vertical
tectonic movement adjustments.

Adjustments (mm)

Earthquake . . Global Tectonic Vertical
Ever?t(s) LIDAR Flight Error Offset? Movement

Sep-10 -100 -3 0

Feb-11 100 16 -64

Jun-11 0 38 -30
Dec-11 -100 -65 -4

CES -100 -14 -98

Any LiDAR survey affected by ejecta? No

Note: The negative sign indicates the subtraction from the ground surface subsidence, while the positive
sign indicates the addition to the ground surface subsidence.

Table 3a: LIDAR Measurement Error for Patch A.

Area Averaged
Difference 6% ndividual %Reduction in 6
Indicating due to Area
Surveys Buffer LiDAR points .
Repeat (mm) Averaging of
Measurement LiDAR Points
Error (mm)
Post Feb 2011: 10-m NA
Mar 2011 and May 20-m 37 59 [58,63]
2011 50-m 34
Post Dec 2011: 10-m NA
Feb 2012 and Oct 20-m 40 70 [57,61]
2015 50-m 43

*Standard deviation.

2 Russell, ]., & van Ballegooy, S. (2015). Canterbury Earthquake Sequence: Increased liquefaction vulnerability
assessment methodology. New Zealand: Tonkin & Taylor Ltd.
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Table 3b: LiDAR Measurement Error for Road.

Area Averaged
Difference 6% %HReduction in
Indicating e 6 due to Area
Surveys Buffer vidual LiDAR .
Repeat . Averaging of
Measurement | Points (mm) LiDAR Points
Error (mm)
Post Feb 2011: 10-m 19
Mar 2011 and May 20-m 16 59 [27,32]
2011 50-m 14
Post Dec 2011: 10-m 23
Feb 2012 and Oct 20-m 27 70 [33,39]
2015 50-m 26

*Standard deviation.

Table 4a: Ground surface subsidence adjustments due to LiDAR measurement error

for Patch A.
Earthquake Opre-EQ LIDAR Opost-EQ LiDAR Ototal Area Average
Event(s) survey (Mm) survey (Mm) (mm) | Adjusted 6 (mm) **

Sep-10 158 56 134 +84
Feb-11 56 59 59 +37
Jun-11 59 61 62 +39
Dec-11 61 70 87 +54

CES 158 70 124 +78

**Based on the highest %Reduction in Table 3a.

Table 4b: Ground surface subsidence adjustments due to LiDAR measurement error

for Road.
Earthquake Opre-EQ LiDAR Opost-EQ LiDAR Ototal Area Average
Event(s) survey (mm) survey (mm) (mm) Adjusted 6 (mm) * %

Sep-10 158 56 134 +52
Feb-11 56 59 59 +23
Jun-11 59 61 62 +24
Dec-11 61 70 87 +33

CES 158 70 124 +48

**Based on the highest %Reduction in Table 3b.
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Table 5a: Raw liquefaction-related ground surface subsidence
using original LiDAR points for Patch A.

Average Ground Surface Subsidence (mm)

Earthquake Event(s) | 10-m Buffer | 20-m Buffer | 50-m Buffer
Sep-10 NA 150 136
Feb-11 NA 41 44
Jun-11 NA 4 5
Dec-11 NA 68 66

CES NA 263 251

Table 5b: Raw liquefaction-related ground surface subsidence

using original LiDAR points for Road.

Average Ground Surface Subsidence (mm)

Earthquake Event(s) | 10-m Buffer | 20-m Buffer | 50-m Buffer
Sep-10 83 105 112
Feb-11 71 68 63
Jun-11 32 26 27
Dec-11 83 83 81

CES 269 283 283

Table 6a: Corrected liquefaction-related ground surface subsidence using
original LiDAR points for Patch A with the calculated adjustments in Table 2.

Average Calculated Ground Surface Subsidence (mm)

Earthquake 10-m Buffer 20-m Buffer 50-m Buffer
Event(s)
Sep-10 NA 474175 33+75
Feb-11 NA 93425 96+25
Jun-11 NA 12450 13450
Dec-11 NA -101£50 -103£50
CES NA 51+75 39475

Notes: Plus/minus values are same as those in Table 4b, but rounded to the nearest 25;
Positive overall values indicate ground surface subsidence, while negative overall values
indicate ground surface uplift.
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Table 6b: Corrected liquefaction-related ground surface subsidence using
original LiDAR points for Road with the calculated adjustments in Table 2.

Average Calculated Ground Surface Subsidence (mm)

Earthquake 10-m Buffer 20-m Buffer 50-m Buffer
Event(s)
Sep-10 -204+50 2450 9+50
Feb-11 123425 120425 115425
Jun-11 40425 34%25 35+25
Dec-11 -861+25 -861+25 -881+25
CES 57450 70+50 71£50

Notes: Plus/minus values are same as those in Table 4b, but rounded to the nearest 25;
Positive overall values indicate ground surface subsidence, while negative overall values
indicate ground surface uplift.

Table 7a: Corrected liquefaction-related ground surface subsidence for Patch A
using LiDAR DEMs.

Estimated Ground Surface Subsidence (mm)

10-m Buffer 20-m Buffer 50-m Buffer
Earthquake | 16t 50th 84th 16th | 50th | 84th 16th | 50th | 84th
Event(s) %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile
Sep-10 NA NA NA <50 | <50 50 <50 | <50 50
Feb-11 NA NA NA 150 150 150 150 150 150
Jun-11 NA NA NA 50 50 50 50 50 50
Dec-11 NA NA NA <50 | <50 | <50 | <50 | <50 50
CES NA NA NA 150 150 150 100 150 150

Note: These percentiles are not the exact statistical measures; they indicate the spatial variability
of ground surface subsidence.

Table 7b: Corrected liquefaction-related ground surface subsidence for Road using
LiDAR DEMs.

Estimated Ground Surface Subsidence (mm)

10-m Buffer 20-m Buffer 50-m Buffer

Earthquake 16th 50th 84th 16th 50th 84th 16th 50th 84th
Event(s) %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile | %ile
Sep-10 <50 <50 | <50 | <50 | <50 | <50 | <50 | <50 | <50
Feb-11 150 150 150 150 150 150 150 150 150
Jun-11 50 50 50 50 50 50 50 50 50
Dec-11 <50 <50 | <50 | <50 | <50 | <50 | <50 | <50 | <50
CES 100 150 150 100 150 150 100 150 150

Note: These percentiles are not the exact statistical measures; they indicate the spatial variability
of ground surface subsidence.
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Figure 2: Comparison between ground surface subsidence determined from original LiDAR
survey points and ground surface subsidence (50t %sile) estimated using LiDAR DEMs for
Patch A for the 20-m buffer.
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Figure 3: Comparison between ground surface subsidence determined from original LiDAR
survey points and ground surface subsidence (50t %ile) estimated using LiDAR DEMs for
Patch A for the 50-m buffer.
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Figure 4: Comparison between ground surface subsidence determined from original LiDAR
survey points and ground surface subsidence (50t %ile) estimated using LiDAR DEMs for

Road for the 10-m buffer.
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Figure 5: Comparison between ground surface subsidence determined from original LiDAR
survey points and ground surface subsidence (50t %ile) estimated using LiDAR DEMs for

Road for the 20-m buffer.
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Figure 6: Comparison between ground surface subsidence determined from original LiDAR
survey points and ground surface subsidence (50t %ile) estimated using LiDAR DEMs for
Road for the 50-m buffer.

Note 2: The ground surface subsidence values determined using the original LiDAR survey points are
similar to the ground surface subsidence values estimated using the LiDAR DEMs for the Sep-10, Feb-
11, and Jun-11 earthquakes, and the CES. The discrepancy between the two approaches is observed
for the Dec-11 earthquake.

Table 8a: Ejecta-Induced settlement for the top 20 m of the soil profile for Patch A within
the 20-m buffer for the 50th %ile PGA, PL=50%, and Crc=0.13 using BI-2014, ZRB-2002,
and Ic cutoff of 2.6.

Depth to
Earthquake St Svip
Event(s) Mw PGA (g) Groug;il\)/vater (mm) (mm) SeL (mm)
Sep-10 7.1 0.20 2.2 47175 66120 -19+77
Feb-11 6.2 0.33 2.2 93+25 141450 | -48456
Jun-11 6.2 0.19 1.5 12450 32425 -20+56
Dec-11 6.1 0.24 1.5 -101+£50 | 73450 | -174471

Notes: St = Total settlement (Table 6); Svip = Average vertical settlement due to volumetric compression
using Boulanger and Idriss (2014) (BI-2014), Zhang et al. (2002) (ZRB-2002) procedures and de Greef
and Lengkeek (2018) thin-layer correction; Sg,. = Ejecta-induced settlement as the difference between the
LiDAR-based St and Svip.
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Table 8b: Ejecta-Induced settlement for the top 20 m of the soil profile for Patch A
within the 50-m buffer for the 50th %ile PGA, PL=50%, and Crc=0.13 using BI-2014,
ZRB-2002, and Ic cutoff of 2.6.

Depth to
Earthquake St Svip
Event(s) Mw PGA (g) Grou?ri\)/vater (mm) (mm) SeL (mm)
Sep-10 7.1 0.20 2.2 33+75 66120 -33+77
Feb-11 6.2 0.33 2.2 96125 141450 | -45+56
Jun-11 6.2 0.19 1.5 13+50 32425 -19456
Dec-11 6.1 0.24 1.5 -103+50 73450 | -176471

Notes: St = Total settlement (Table 6); Svip = Average vertical settlement due to volumetric compression
using Boulanger and Idriss (2014) (BI-2014), Zhang et al. (2002) (ZRB-2002) procedures and de Greef
and Lengkeek (2018) thin-layer correction; Sg . = Ejecta-induced settlement as the difference between the
LiDAR-based St and Svip.

Table 8c: Ejecta-Induced settlement for the top 20 m of the soil profile for Road within
the 10-m buffer for the 50th %ile PGA, P.=50%, and Crc=0.13 using BI-2014, ZRB-
2002, and Ic cutoff of 2.6.

Earthquake Depth to Svip
Mw PGA (g) | Groundwater | St(mm) SeL (mm)
Event(s) (m) (mm)
Sep-10 7.1 0.20 2.2 -20+50 66120 | -46+54
Feb-11 6.2 0.33 2.2 123+25 | 141450 | -18456
Jun-11 6.2 0.19 1.5 40425 32125 8435
Dec-11 6.1 0.24 1.5 -86+25 73450 | -159456

Notes: St = Total settlement (Table 6); Svip = Average vertical settlement due to volumetric compression
using Boulanger and Idriss (2014) (BI-2014), Zhang et al. (2002) (ZRB-2002) procedures and de Greef
and Lengkeek (2018) thin-layer correction; Sg, 1. = Ejecta-induced settlement as the difference between
the LiDAR-based St and Svip.

Table 8d: Ejecta-Induced settlement for the top 20 m of the soil profile for Road within
the 20-m buffer for the 50th %ile PGA, P.=50%, and Crc=0.13 using BI-2014, ZRB-
2002, and Ic cutoff of 2.6.

Earthquake Depth to Svip
Event(s) Mw PGA (g) Grou?rcril\)/vater St(mm) (mm) SeL (mm)
Sep-10 7.1 0.20 2.2 2450 66+20 | -64+54
Feb-11 6.2 0.33 2.2 120425 | 141450 | -21456
Jun-11 6.2 0.19 1.5 34+25 32425 2435
Dec-11 6.1 0.24 1.5 -86+25 73450 | -159456

Notes: St = Total settlement (Table 6); Svip = Average vertical settlement due to volumetric compression
using Boulanger and Idriss (2014) (BI-2014), Zhang et al. (2002) (ZRB-2002) procedures and de Greef
and Lengkeek (2018) thin-layer correction; Sk, . = Ejecta-induced settlement as the difference between
the LiDAR-based St and Svip.
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Table 8e: Ejecta-Induced settlement for the top 20 m of the soil profile for Road within
the 50-m buffer for the 50th %ile PGA, PL.=50%, and Crc=0.13 using BI-2014, ZRB-
2002, and Ic cutoff of 2.6.

Earthquake Depth to Svip
Event(s) Mw PGA (g) Grou?rix)/vater St(mm) (mm) SeL (mm)
Sep-10 7.1 0.20 2.2 9450 66120 | -57+54
Feb-11 6.2 0.33 2.2 115+25 | 141450 | -26156
Jun-11 6.2 0.19 1.5 35+25 32425 3+35
Dec-11 6.1 0.24 1.5 -88+25 73450 | -161+56

Notes: St = Total settlement (Table 6); Svip = Average vertical settlement due to volumetric compression
using Boulanger and Idriss (2014) (BI-2014), Zhang et al. (2002) (ZRB-2002) procedures and de Greef
and Lengkeek (2018) thin-layer correction; Sk, . = Ejecta-induced settlement as the difference between
the LiDAR-based St and Svip.

Note 3: The uncertainty for volumetric settlement was derived based on the sensitivity of volumetric
settlement to PGA, Crc, and P, for each earthquake event for VsVp 57203 Shirley Intermediate School
and CCLIQ 1 - CPT 5586 - Vivian Stsites. Taking the 50t percentile as the baseline case, the minimum
and maximum values corresponding to the difference between the 25th percentile and the 50t
percentile and the 75t percentile and the 50t percentile were determined. The arithmetic mean of
the range of the minimum and maximum difference was evaluated for each patch at the two sites.
The maximum arithmetic mean for each earthquake event was rounded to the nearest five and used
as the uncertainty value. Accordingly, the 1-D volumetric settlement uncertainties of +20, +50, +25,
and +50 mm for the Sep-10, Feb-11, Jun-11, and Dec-11 earthquake events, respectively, were used
for all sites in this study.

Table 9a: Coverage area and height of ejecta estimates for Patch A (20-
and 50-m buffers) using photographs.

Earthquake AE thick HE thick AE thin HE thin i:;ommb:f:r/
Event (m?) (mm) (m?) (mm) (m?)
Sep-10 0 0 0 0 108/489
Feb-11 0 0 0 0 108/489
Jun-11 0 0 0 0 108/489
Dec-11 0 0 0 0 108/489

Notes: Ak ick/thin = Coverage area of thick/thin ejecta layers; Hg thick/thin = Lower-upper
estimate of height of thick/thin ejecta layers; At = Total assessment area of a buffer
being considered; Thin and thick layers correspond to light gray and dark gray colors
of ejecta observed in aerial photographs.
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Table 9b: Coverage area and height of ejecta estimates for Road within
the 10-m buffer using photographs.

Earthquake HE thin A (m2) HE thick AE thick (M?) At
Event (mm) o (mm) (m?)
Sep-10 0 0 0 0 227
Feb-11 0 0 10-30 86 191
Jun-11 0 0 0 0 227
Dec-11 5-10 7.3 0 0 225

Notes: Agmick/tin = Coverage area of thick/thin ejecta layers; Hethick/thin = Lower-
upper estimate of height of thick/thin ejecta layers; At = Total assessment area of a
buffer being considered; Thin and thick layers correspond to light gray and dark gray
colors of ejecta observed in aerial photographs.

Table 9c: Coverage area and height of ejecta estimates for Road within the 20-m
buffer using photographs.

HE,thin AE,thin HE,thick HE,cone AE,cone AT
EQ Event (mm) (m?) (mm) AE thick (M?2) (mm) (m?) (m?)
Sep-10 0 0 0 0 0 0 401
Feb-11 5-10 7.0 10-30 161 100-200 4.4 353
Jun-11 0 0 0 0 0 0 401
Dec-11 5-10 7.3 0 0 0 0 375

Notes: Agtick/thin = Coverage area of thick/thin ejecta layers; HE thick/thin = Lower-upper estimate of
height of thick/thin ejecta layers; Thin and thick layers correspond to light gray and dark gray
colors of ejecta observed in aerial photographs; Ag.cone = Coverage area of conically shaped ejecta
layers; Hgcone = Lower-upper estimate of height of conically shaped ejecta layers; Ar= Total
assessment area of a buffer being considered.

Table 9d: Coverage area and height of ejecta estimates for Road within the 50-m buffer
(without the 20-m buffer) using photographs.

HE,pri
EQ HE,thin AE,thin HE,thick AE,thick HE,cone AE,cone prism/ VE,prism/pyr Ar
pyr
Event | (mm) | (m?) | (mm) | (m?*) | (mm) | (m?) (mm) (m?) (m?)
Sep-10 0 0 0 0 0 0 0 0 679
Feb-11 5-10 27 10-30 193 100-200 4.4 12-49 0.156-0.313 595
Jun-11 0 0 0 0 0 0 0 0 679
Dec-11 5-10 7.3 0 0 0 0 0 0 632

Notes: Agtick/thin = Coverage area of thick/thin ejecta layers; Hegthick/thin = Lower-upper estimate of height of
thick/thin ejecta layers; Thin and thick layers correspond to light gray and dark gray colors of ejecta observed
in aerial photographs; Akone = Coverage area of conically shaped ejecta layers; Hgcone = Lower-upper estimate
of height of conically shaped ejecta layers; Hg,prism/pyr = Lower-upper estimate of ejecta height near the curb
based on 2-4% cross slope of normal crown; Vgprism = Lower-upper estimate of total volume of prismatic-shape
ejecta; Vepyr = Lower-upper estimate of total volume of pyramidal-shape ejecta; Ar= Total assessment area of a
buffer being considered.

CCLIQ 7 -CPT 49582 (172.650158, -43.501489) - Vangelis Ln & Fernbrook Pl 12



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

Note 4: The values in Table 9 correspond to the coverage area of ejecta outlined in aerial photographs
(Figures 82 through 86) and the lower and upper estimates of ejecta height based on ground
photographs (Figure 87) and EQC LDAT inspection reports for properties within the 50-m buffer
(e.g., some properties settled 0-50 mm globally (minor damage), some properties settled 0-20 mm
due to tilting (minor damage) and/or 0-10 mm due to twisting (minor damage), and land
experienced cosmetic to significant undulation). The ejecta-induced settlement using photographs
and engineering judgment, Sg p, is estimated as

a b
Yi=14g thicki * HE thick,i T Xj=14E thin,j * Hg thin,j
Ar

SE,P =

1 e 1sr
§Zm=1 Ag cone,m * Hg coneym + 72n=1 Wk prismn * Heprismn * Le prismn
Ar

%Zg=1 WE,pyramid,p * HE,pyramid * LE,pyramid
+ y»
X Vi tnicki + Xi=1VE thinj
= A

e f g
n Zm:l VE,cone,m + Zn=1 VE,prism,n + Zp:l VE,pyramid,p
Ar

where

®  Ag thick,i and Hg tpicr ; are the area and the height of a thick ejecta layer, respectively;

®  Ag thinj and Hg p;p j are the area and the height of a thin ejecta layer, respectively;

® Agconem and Hg conem are the area and the height of a conically shaped ejecta, respectively;

* Wk prismn and Lg prism n are the width and the length of the coverage area of a prismatically
shaped ejecta layer, respectively, and Hg ism n 1s the height of a prism-like ejecta layer;

 Wgpyrp and Lgpy,, are the width and the length of the coverage area of a pyramid-like
ejecta layer, respectively, and Hg ., is the height of a pyramid-like ejecta layer;

e Ay is the total assessment area for a buffer being considered (Figure 1).

Table 10a: Ejecta-induced settlement estimates for Patches A based on
photographs.
Patch A Patch A Patch A
Earthquake (10-m buffer) (20-m buffer) (50-m buffer)
Event SE,P,lower SE,P,upper SE,P,lower SE,P,upper SE,P,lower SE,P,upper
(mm) (mm) (mm) (mm) (mm) (mm)
Sep-10 NA NA 0 0 0 0
Feb-11 NA NA 0 0 0 0
Jun-11 NA NA 0 0 0 0
Dec-11 NA NA 0 0 0 0
Note: SEpjlower and Sgpupper correspond to lower and upper estimates of Sgp,
respectively.
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Table 10b: Ejecta-induced settlement estimates for Road based on
photographs.
Road Road Road
Earthquake (10-m buffer) (20-m buffer) (50-m buffer)
Event SE,P,lower SE,P,upper SE,P,lower SE,P,upper SE,P,lower SE,P,upper
(mm) | (mm) | (mm) | (mm) | (mm) | (mm)
Sep-10 0 0 0 0 0 0
Feb-11 5 13 5 15 4 11
Jun-11 0 0 0 0 0 0
Dec-11 =0 =0 =0 =0 =0 =0
Note: Sgplower and Sgpupper correspond to lower and upper estimates of Sgp,
respectively.

Table 11a: Best final estimates of ejecta-induced settlement for Patch A.

Patch A (10-m buffer) Patch A (20-m buffer) Patch A (50-m buffer)
EQ

Event SEL Sgp SE final SEL SEp SE final SEL SEp SE final
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

Sep-10 NA NA NA -194+77 0 0 -33+77 0 0

Feb-11 NA NA NA -48+56 0 0 -45+56 0 0

Jun-11 NA NA NA -20+56 0 0 -194+56 0 0

Dec-11 NA NA NA -174+71 0 0 -176+71 0 0

Notes: SgL = Ejecta-induced settlement based on LiDAR data reported in Table 8; Sgp = Median ejecta-
induced settlement for the range of values reported in Table 10; Skgfina = Best final estimate of ejecta-
induced settlement rounded to the nearest 5; Final plus/minus values are also rounded to the nearest 5.

Table 11b: Best final estimates of ejecta-induced settlement for Road.

Road (10-m buffer) Road (20-m buffer) Road (50-m buffer)
EQ

Event SEL SEp SE final SEL SEp SE final SEL SEp SE final

(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Sep-10 | -46+54 0 0 -64+54 0 0 -574+54 0 0
Feb-11 | -18+56 914 1045 -21456 1045 10+5 -26+56 | 7.543.5 | 1045
Jun-11 8+35 0 0 2435 0 0 3435 0 0
Dec-11 | -159+56 =0 <5 -159+56 =0 <5 -161+56 ~0 <5

Notes: SgL = Ejecta-induced settlement based on LiDAR data reported in Table 8; Sgp = Median ejecta-
induced settlement for the range of values reported in Table 10; Sgfinal = Best final estimate of ejecta-
induced settlement rounded to the nearest 5; Final plus/minus values are also rounded to the nearest 5.

Note 5: Sgfinal for Patch A and Road for all earthquake events is based solely on Sgp. The uncertainty
associated with Sginal is also based on the uncertainty associated with Sgp only. The weights are based
on the LiDAR error bands, LPI prediction error (Maurer et al. 20143), and completeness of visual
evidence (i.e., ground and aerial photographs and EQC LDAT property inspection reports for the site).
The negative Sg,, values are given a zero weight. The Vangelis Ln & Fernbrook Pl site is in the apparent
zone of higher ground surface subsidence for the Sep-10 and Dec-11 EQs and in the apparent zone of

3 Maurer, B. W,, Green, R. A, Cubrinovski, M., & Bradley, B. A. (2014). Evaluation of the Liquefaction Potential Index for
Assessing Liquefaction Hazard in Christchurch, New Zealand. Journal of Geotechnical and Geoenvironmental Engineering,
140(7), 04014032-1-11.d0i:10.1061/(asce)gt.1943-5606.0001117

CCLIQ 7 -CPT 49582 (172.650158, -43.501489) - Vangelis Ln & Fernbrook Pl 14



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

lower ground surface subsidence for the Feb-10 EQ. The site is also in the zone of moderate LPI
overprediction of liquefaction severity for the Sep-10 and Feb-11 EQs. There are high-resolution
aerial photographs as well as EQC LDAT property inspection reports for properties within the site
with ground photographs.

Summary 1:

e The best estimate of the ejecta-induced free-field ground settlement at the Vangelis Ln &
Fernbrook PlI site for the SEP 2010, FEB 2011, JUN 2011, and DEC 2011 earthquake is 0 mm,
0 mm, 0 mm, and 0 mm, respectively.

e Thebestestimate of the ejecta-induced settlement of the road at the Vangelis Ln & Fernbrook
Pl site for the SEP 2010, FEB 2011, JUN 2011, and DEC 2011 earthquake is 0 mm, 1015 mm,
0 mm, and <5 mm, respectively.

Note 6: The site was initially labeled as CC LIQ 7, as can be seen in some of the following figures.

‘ GSS‘é'Ié“Ea rth

Figure 7: Location of the site.
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Figure 9: Posiﬁon of the site relative to two branches of Dudley Creek.
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Google

Figure 10: Street view of the site showing flat land.

~d

i1

Google Earth
: T Y e T
Figure 11: Satellite image of the site taken in Dec 2004.
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Gaogle Ea r{in

Figure 13: Satellite image of the site taken in Jun 2009.
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Figure 15: Satellite image of the site taken in Jan 2016.
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- _ "m6oogle Earth
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Figure17: Aerial photograph of the site taken on Feb 24, 2011.
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Figure 18: Aerial photograph of the site taken on June 14-15, 2011.
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Figure 19: Aerial phtograph of the site taken on June 16, 2011.
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Figure 21: Vertical Ground Movements (Surface - Tectonic) for Sep 2010 Earthquake - the
site is in the apparent zone of overestimated ground surface subsidence.
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Figure 22: Vertical Ground Movements (Surface - Tectonic) for Feb 2011 Earthquake - the
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Figure 23: Vertical Ground Movements (Surface — Tectonic) for June 2011 Earthquake - the
site is not in the apparent zone of overestimated or underestimated ground surface
subsidence.
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Figure 24: Vertical Ground Movements (Surface - Tectonic) for Dec 2011 Earthquake - the
site is in the apparent zone of overestimated ground surface subsidence (i.e., Feb 2012
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Figure 25: Ground surface subsidence without tectonic component for Sep 2010
Earthquake according to the LiDAR DEM.
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| Figure 26: Ground surface subsidence without tectonic component for Feb 2011
Earthquake according to the LiDAR DEM.
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Figure 27: Ground surface subsidence without tectonic component for Jun 2011
Earthquake according to the LiDAR DEM.
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Figure 28: Ground surface subsidence without tectonic component for Dec 2011
Earthquake according to the LiDAR DEM.
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Figure 29: Ground surface subsidence without tectonic component for Canterbury
Earthquake Sequence according to the LiDAR DEM.
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Figure 30: Absence of ground cracks indicates no lateral spreading for Canterbury
Earthquake Sequence.
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Figure 31: Vertical tectonic movements for Sep 2010 Earthquake.
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Figure 32: Vertical tectonic movements for Feb 2011 Earthquake.
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Figure 33: Vertical tectonic movements for June 2011 Earthquake.
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Figure 34: Vertical tectonic movements for Dec 2011 Earthquake.
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Figure 35: Vertical tectonic movements for Canterbury Earthquake Sequence.
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Figure 36: Jul 2003 LiDAR survey.
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Figure 37: Ground surface elevation averaged over 20-m buffer for Patch A for Jul 2003
LiDAR survey.
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Figure 38: Ground surface elevation averaged over 50-m buffer for Patch A for Jul 2003
LiDAR survey.
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Figure 39: Ground surface elevation averaged over 10-m buffer for Road for Jul 2003
LiDAR survey.
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Figure 40: Ground surface elevation averaged over 20-m buffer for Road for Jul 2003
LiDAR survey.
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Figure 41: Ground surface elevation averaged over 50-m buffer for Road for Jul 2003
LiDAR survey.
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Figure 42: Sep 5, 2010 LiDAR survey.
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Figure 43: Ground surface elevation averaged over 20-m buffer for Patch A for Sep 5, 2010
LiDAR survey.
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Figure 64: Ground surface elevation averaged over 20-m buffer for Road for Sep 2011
LiDAR survey.
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Figure 65: Ground surface elevation averaged over 50-m buffer for Road for Sep 2011
LiDAR survey.
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Flgure 68: Ground surface elevation averaged over 5

LiDAR survey.
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Figure 69: Ground surface elevation averaged over 10-m buffer for Road for Feb 2012

LiDAR survey.

12136 | NZTM2000 (NZGD2000) ( 1571681.143, 5183453.490) 43*30' 04.7177° 5, 172° 38' 58,9305

CCLIQ 7 -CPT 49582 (172.650158, -43.501489) - Vangelis Ln & Fernbrook Pl

46



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

T asdeerasation E S LR Sl samaanenrndd SOt OTT aadl 3 1111 Ty v e bt T TTI T oGP JETTTT sssausnssumapny 1o areaddtssnans ne g 173
goc BRRRIIAAAN N TITIASeT XX SPPPE TP teT e T R e AR I S e R
ISP eR T L LT sariaciaralin AILIRIILEDY s B R R S R R D
- rEETEd o4 BB RN . 4 B ey (B BaN
* Tananes ‘ B L ekt A L
, wlovnene e NSO 2 N R i AR (R
ARAAAN g e
B DT R
A e L R b | ) yXrE - »» 4
X TR -} Sepnee Bt it MEHISEEENS L
wrananret PR 3 ¥ sadeit eizr ihiieaas Bertiditii
TR AAAA AR AR 4 N fate 33 Fineas SRRt nlllvesniar o
AU 3 theae] LALRY --mm seiin FETLrs umuuuu H
A o ] s
Rt |2 S R
arrasser® 3 o ! Phiiiid sy 2 % A
D e e SIS SR e - I Suages o Sosrasente USRI AR
e e eSS R SRR RS 1 [ £ w2 L K 2y R T R
LIRS rEERB R R * LA # e e A Lokt A iy
warn e P S SERRIST R S S ereahbsn ik R L
srgeensnet it oiiilsiiiiiprriannnnll, 2 DR » s e ST Rk vl
434282y wansaneqetenastte il [ grade piy | T T vy vk A AR A Yy
PEERLLt) S A A & S B A e e R R A .
saean o rrrtd QUL ks p s T L 2 X S LR R 22ls A iy -
LIALLLILNS FESOPPOSESe PRPRPRRTLL Mol I o) ; vy v Tyreres R H
. PSSPy L L S AR A S S S| rirrerdidite or Lt TaeE tmus o patead HARIRREIL TS Seaetitaitenes Wil L,
33 Seee % sassraseaiiseet I
. ..:.....--...--..:.:.- -.-c.-»..---.:..-. 5 ae 22 s114 SRR RSNT 5 shii e £+ TR it
oo wrnnss AT ersert B e trstis T 3 3 St
LA Brnssne R PRI E LA A . TR S o . ' Tl EC Rk + g wannnddhs
iy Ve B R A A XA | st FRRRE R Ty e D S Iy R A
A aarensestan g war . 1t eees wes oo J0T, N ettt o
e e e st W LN e L ey P e e R L S
- AN Y A DO AT Yy sanas Y ey % ¥ . ik ! s Y eant ARELEEE " waansyii sees
KA AN R A AR k SithietH s o s by seelilas
o enn ou AARARARAAS A vessesthes APAAATYL | Eea s S 20 S b S Teneey, I B e ARSI
PSR LAAL arrraes P A AR A '+ 3 Py s Py R - -aa«.ﬂf R R S S bty foa,
Fowes L R e AR AR ) AL L i AVBNNY s B P A SR )
slesnge w A P A T Arearae = ? * drdpenryrrery R A et AR o
IRASFPE A5 e SRR Srgy PR sssntttise < B ik ihviple LOrYYErXY A e A A o X L
. PR fare . ans PO prrees X L Sy
B LS T L EL LN SRS ST L RS HIEIE R SRS TEN (I A e S L o e e P T R R o Ty
Fewes Trierarraraiiyl Saennet A besss . nsnnres [} prr rr A ARy vl ALt briad e St T e L)
TIEE: resldessnnans HPDES S e e 11 AR O L L L Sisasrsasaresbigsbisssssaioilley aentinste st
P il HA PP R * PSSP TES e et e 51 TepspraIIIIsNIL s Ve nasinsess s b It Terrnaanaatiiaibesy
49 PRy Trsnsssesss arees Sinsennetis tessner 8 Fraaty g s PREIT et H T sesiaiiriiteasizinie
Cisenss 33835 PR PSRRI RRS lieetiaiafaanas N Iy LAt 34333330 T
tiieasd serzsiidiig ISP 02 SSS oS o2 00 FOSEESTETEES 13.133588 3 SR A L L IS L M
[ 434951 sanssesusnns,ules Telidasne raneesse 3 L I et . % 3L . T X
SIININRSApeeerie L BRI AR Y B @ i (eriiririon MR e AR
IXERLE 20 - - LXER R 3 [#e 03t sinnan e 17 #85
R T R ) Bt e sn e s PR [1 31315 - owws S55SN AR enan s ARy
il L B L R AR 3 K Y o KA RIAAAAPE L LU C I e e AR s R e e
* we{ren * snsseranien LA » PR AA ey  easnnnssereursunns vwn AN, x5
L AAAA A we A et ) O . AR L YT TTTY 3 SO ‘s, L R i i L Y A Ay
LS s4d PR R A L e e na e s SN = D ioiirisive 1% A A L DO YAy i R X O L e Y]
s S taln e g enuis PR A P A R Ay L X O L L L L P Lt P L TN
BAARCY A A UL A YO el iSr k] B R AR A i A 0
0 Loes e 2434 Ca0 PERINSTHOSE 5 R SR P POy 1)
. - e e SAd T TE - sresetres, e e
PR A ar e ) prrry Spadnr e 2R L REER 4
prcR SN sl e et ranriens R s
. B * Y » 120000 3 . + i 4
. e ¥ e B oy I ! ++ £3113
% Hip T 5 i R
SRS RS A S0 ettt b S R TR U B D S e
ettt PR, iisasisissiesie et o e gy .n.n P IeTTie] ..mummmu 33 ..w.. mﬂ. B R e
ey 221 * -+ ! Y L ensssensios
LI T4 CeLEE e ‘ o v e A, R SN .
' 3 oy
LLEEEM e IIIREIIa e SIEREINI Y . ‘ By e R R o EALRe
T e L e e U UNG s e 7 A Ve ¥ 4 2
- - - - » * ek
. ashiddds e h Y H o % i ey Al ALY o
et . sen R . o A PP AR 2, oy <
; M H H v o? R 5
Liissieigiayfin LRl i S B s wtene 0 BNl e e 23
? TIEIx C8Larls . 88 22
. e essd S ot ) Fhiir it H SaMINEE Fewe Soies. gr1tiiiattine s
13333 y : 3 oo Ly
ERTTITRLLL: O B et BRI
P d $rLs 12 3%t M. o 4 .y 4 Tetd Ea - H
Rt k) G SR B O S e st bt st
LYY (AL () s12s o8 b i 8 i by
. . sesstitigis i 11trsasiilitas 3 5 d
R AR~ FEL L0 EA B P st L sisinni il s {
LR A 3T et LRVIS TR LA R, e R R I Kooy N
sowcw ESE B4 £ 34 1] R (resiiin PP e e
- - | - - w88 Lo o LR R L
atiiitied i HH j Tt it R, o2
e I3 1311 o A et 2B AN acalatErite
%o a it
L34 V B ™ .
[} Y iR H wh R R R 3
i H 4
i £ < 3 iR - LR R i SR Bl el
Lt Aikeakes’ $ 110 ho
e w g arpresss bittag e’ rites H % s,
15555 20 0 n e Reatasssssme, o 2331EEEE I RaYan o Bguniicenk ity Lo
R 3 3 tased e 3
siriiies B s e R S S N .
o T, Pk T
ceneeneees e AR bR R %
3334 AN i Attt e AATAEE Koo e
caenaieisy B B K e A e X s B
Crrrees B gk Y " "Fokans
Seanarnats [ 4 W IR 2rrr
AT V AL S rEE B sideniaty
o ek b 3 '+ o
A et raey “nie ARSI TS W les | e T
ISR ()] o i R B 2 "
SRR — R L A PR lat b
A ) T asesneesinaieea i IR L i R R .
AN B air by 4 AR S IR O T LI S
it (5] ! SN e SRR R LN R N e TN e W el e
 rtessssss g SR TR A DL ELOLS A v ee S B
Lasranial o . R ey ST R L TR T T S
RRRrTTLILes © B e e ek T Lo RO 1)
sRIladiiy Y o SRR R SRR S St S R e
RELE335443 RO WA R T O S R A A R Rapeti i
ey R e A R P e T R D S g st
g s o §1,. . pepesgensss SRRILLS e e, e *
S A = P L S R Sihhman (G e
PAARAAAA AL A 7 safiae{er o fRSRIREIR, et sasagaaateizaes fHia i .um. R
A PR AR e T A4y 7ea3 fanasel S3isaassalirasssniaasis o3 NaRinesits o ..wm %m".... 2 seiudl
RAARSAAN A i o taeaeee ke ¥ 414 Satts! & =y
B DA YR R [ier e ACH T P il B SR N
AN RS sedefy gt wimmraEre n B i ey 4 APy vy Y AN d
-t LA YR KA R TR % A A ey S 2133 A N e o A P P
AR AR ARSI LL LRI weccemri S franns B S vityiyad . 2proes W 220 Gead 3000 &
PR L weeslspnrens P . LA AR S S S = ¥ ARy B A Y ) Selas e
- FEETS o2 Py .s », v 3 P ey Cretit w
R R Low o AR PSRRI SERE S H I e KL L R L At o
- rerres ] sammrren w R Este Y 28 T ek
wasassssssnerts SONS R Caesans " w 27 sas Rasd ST LR TPy v Fitib 5
Jriiiaades Wirriatiiee qerysiaaiany AT ) St sesheeld £ P EH
rae wrwban . e renne PeeTyILy tEEINgREEEE 188 El
tessssnsssannnot ey A S SR T TR T R . b 38 naasaganuﬂum-a 3 HE:
TR LR wesusty IS Vicse . + B ¥ T kes 39 TIEWALL L S
eIt ilaeleces el Pttt 353 1E11131438500L H
vessessennse aurald o snrect el . e 3 IS ¢t s -
bzt Teer 333 e H TR R i3
el s e i LR et L TR e L hRnEG
Bt IRt ST T o Jaiitiiiiie.ce 12 o inited ¥ I R TR i A
i 2 % a o X £
ELRRAA S LA ALLLLILNY ha AN R e S y
1 X3 g 55 63 v
R PR LR Ity Sr Sty TR S R I~ iy e ..c.wws.....ﬁ..ounﬁ....s T e w.u..»«wWa..mm..n.....w.m
LA -, - * S o ppenn LA A *
A LI O PR 41 o Yy o R XL Sasanss,
PECCS LSS a0 53 Teanensivy RIS [ ey R S A R AR B s ey s
. arrwEte - - £3 »
AR KX A S . YA . j 2 N LR SR P R
ALY YT YT atesisile ‘ . 1= =] Firte s B HEIIIES e e RITITIH S
¥ oo
EE up— + 43 .m
& 8 g g ] g g g g g g g g g g
3 - 3 5 8 & E|L = v 2 o I 3 W 2 2
% 5 S - = a 3 S = 8 = & = 4 Sl e

47

Ground surface elevation averaged over 50-m buffer for Road for Feb 2012

53765, 172° 38 56,1690

1305 | NZTM2000 (NZGD2000) ( 1571663818, 5183489.621) 4330 03,

LiDAR survey.

Figure 71
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1:102 NZTM2000 [ NZGD2000) (1571671251, 5183445.773 ) 43.50137957° 5, 172.64358105° €

Figure 73: Ground surface elevation averaged over 20-m buffer for Patch A for Oct 2015
LiDAR survey.
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Figure 74: Ground surface elevation averaged over 50-m buffer for Patch A for Oct 2015
LiDAR survey.
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Figure 75: Ground surface elevation averaged over 10-m buffer for Road for Oct 2015
LiDAR survey.
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Figure 78: Ground surface elevation difference between the road and properties (LiDAR
DEM for Sept 2010).
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Figure 79: Enlarged view of ground surface elevation difference between the road and
properties (LiDAR DEM for Sept 2010).
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Figure 80: Ground surface elevation difference between the road and properties (LiDAR
DEM for Sept 2011).
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Figure 81: Enlarged view of ground surface elevation difference between the road and
properties (LiDAR DEM for Sept 2011).

CCLIQ 7 -CPT 49582 (172.650158, -43.501489) - Vangelis Ln & Fernbrook Pl 52



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

Figure 82: Absence of ejecta at the site for Sep-10 EQ.

Google'Earth

Figure 83: Ejecta outline for Feb-11 EQ.
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L~ o B ws GoogleE
Figure 84: Absence of ejecta at the site for Jun-11 EQ (June 14-15, 2011 aerial photograph).
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Figure 85: Absence of ejecta at the site for Jun-11 EQ (June 16, 2011 aerial photograph).
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Figure 87: Ground photographs acuifed at the site (within the 50-m buffer).
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Figure 89: PGA for Sep-10 EQ (st. dev. = 0.300-0.325 In units).
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Figure 90: PGA for Feb-11 EQ (st. dev. = 0.325-0.350 In units).
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Figure 91: PGA for Jun-11 EQ (st. dev. = 0.350-0.375 In units).
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Figure 92: PGA for Dec-11 EQ (st. dev. = 0.350-0.375 In units).
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Figure 94: Depth to groundwater table for Feb-11 EQ.
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Figure 95: Depth to groundwater table for Jun-11 EQ.
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Figure 96: Depth to groundwater table for Dec-11 EQ.
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Note 7: The selection of CPTs for the area considered for settlement assessment (Figure 1) is based
on the proximity of the CPTs to the considered areas. In accordance with that, the following table
shows CPTs that were used for the volumetric settlement analysis in Clig v.3.0.3.2, a CPT soil
liquefaction software developed by GeoLogismiki. (The average volumetric settlements were
reported in Table 8.)

Table 12: CPT profiles used in volumetric settlement
analysis for areas selected for settlement assessment.

CPT ID No. Patch A Road
49582 (48910) v v
44037
44038

48318 (48657)
48317 (48656)

Note: CPTs 44037 and 44038 were used to calculate the
average volumetric settlement for a depth range from 10 m
to 20 m.

Table 13: CPT-based results.

CPT ID
EQ Event Parameter 49582 44038 44037 A10m-20m”
Svip (mm) 9 106 68 57
LSN 2 9 6 5
Sep-10 LPI 0 2 1 1
LPlish 0 0 0 --
Drs<1 (m) undet. 6.73 6.79 --
Svip (mm) 25 189 141 116
LSN 5 19 14 9
Feb-11 LPI 2 10 6 4
LPlish 1 5 3 --
Drs<1 (m) 6.32 2.76 2.39 --
Svip (mm) 7 52 28 25
LSN 1 5 3 2
Jun-11 LPI 0 1 0 0
LPlish 0 0 0 --
Drs<1 (m) undet. 6.73 undet. --
Svip (mm) 15 120 76 58
LSN 3 14 10 5
Dec-11 LPI 1 4 2 0
LPlish 1 0 0 --
Drs<1 (m) 6.36 6.73 6.7 --

Notes: Drs<1 = Depth to the first liquefiable layer (FSL<1) that is at least 200-mm thick,
as determined by the Boulanger and Idriss (2016) liquefaction-triggering procedure
(PL=50%, Crc=0.13, and Iccutoff =2.6), and exported from Clig v.3.0.3.2; undet. = the
specified soil layer was not detected; " indicates the amount of Svip and LPIto be added
for CPT 48910 due to its penetration depth being shallower than 20 m.

CCLIQ 7 (172.650158, -43.501489) - Vangelis Ln & Fernbrook Pl 62



Liquefaction Ejecta Case Histories for 2010-11 Canterbury Earthquakes

Note 8: Based on the borehole log (BH_TT65290, Figure 88), the groundwater table is at a depth of
0.75 m below the ground surface. The soil profile consists of (1) topsoil (organic silt) to a depth of
0.3 m, (2) non-plastic to low-plasticity silt, ML, the Yaldhurst member of the Springston formation,
to a depth of 3.0 m, (4) peat, Pt, the Yaldhurst member of the Springston formation, to a depth of 3.8
m, (5) non-plastic silt, ML, the Yaldhurst member of the Springston formation, to a depth of 6.1 m
(the end of the borehole). Trace organics are found occasionally within the silty layers. The nearby
borehole (BH 18320, 120 m away from the centre of the site, Figure 72) suggests that the ML layer
of the Springston formation is followed by an SP layer of the Christchurch formation that extends to
a depth of 20 m (the end of the borehole).

Note 9: The ejecta-induced free-field settlement provided in Table 11 is an areal average settlement
due to ejecta, which is based on the total settlement assessment area, Ay (provided in Table 9 and
repeated in Table 14). However, the considered area was not always covered completely with ejecta;
thus, it is important to provide the localized ejecta-induced settlement, too. The localized settlement
due to ejecta is estimated using photographic evidence only as

Vg
SE,P_localized = A_
E

where I/ is the total volume of ejecta within A and A, is the total coverage area of ejecta within
Ar. Please note that the areal ejecta-induced settlement provided in Table 14 as Sg p 4req; is the
same as Sg p in Table 11, which was estimated as

Vg
SE,P_areal = SE,P = A_
T

where Vp is the total volume of ejecta within A and Ay is the total settlement assessment area.

Table 14a: Areal and localized ejecta-induced settlement estimates
for Road (10-m buffer) based on photographic evidence.

Earthquake AT AE VE SE,P,areal SE,P,localized
Event (m?) (m?) (m3) (mm) (mm)
Sep-10 227 0 0 0 0
Feb-11 191 86.0 0.9-2.6 1045 20+10
Jun-11 227 0 0 0 0
Dec-11 225 7.3 0.04-0.0.7 <5 10£5

Notes: Sgpareal = Sgp reported in Table 11 = areal ejecta-induced settlement;
SEP_localized = localized ejecta-induced settlement; At = total settlement assessment
area; Ve = total volume of ejecta within Ar; Ag = total area of ejecta within Ar; The
estimates of both areal and localized ejecta-induced settlement are rounded to the
nearest 5; Final plus/minus values are also rounded to the nearest 5; NA = Not
available.
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Table 14b: Areal and localized ejecta-induced settlement estimates
for Road (20-m buffer) based on photographic evidence.

Earthquake AT AE VE SE,Pfarcal SE,P,localized
Event (m?) (m?) (m?) (mm) (mm)
Sep-10 401 0 0 0 0
Feb-11 353 173 1.8-5.2 10+£5 204+10
Jun-11 401 0 0 0 0
Dec-11 375 7.3 0.04-0.0.7 <5 10+5

Notes: Sgpareal = Sgp reported in Table 11 = areal ejecta-induced settlement;
SEP_localized = localized ejecta-induced settlement; At = total settlement assessment
area; Ve = total volume of ejecta within Ar; Ag = total area of ejecta within Ar; The
estimates of both areal and localized ejecta-induced settlement are rounded to the
nearest 5; Final plus/minus values are also rounded to the nearest 5; NA = Not
available.

Table 14c: Areal and localized ejecta-induced settlement estimates
for Road (50-m buffer) based on photographic evidence.

Earthquake AT AE VE SE,P,areal SE,P,localized
Event (m?) (m?) (m3) (mm) (mm)
Sep-10 679 0 0 0 0
Feb-11 595 241 2.4-6.7 10+£5 20+10
Jun-11 679 0 0 0 0
Dec-11 632 7.3 0.04-0.0.7 <5 10£5

Notes: Sgpareal = Sgp reported in Table 11 = areal ejecta-induced settlement;
SEP_localized = localized ejecta-induced settlement; At = total settlement assessment
area; Ve = total volume of ejecta within Ar; Ag = total area of ejecta within Ar; The
estimates of both areal and localized ejecta-induced settlement are rounded to the
nearest 5; Final plus/minus values are also rounded to the nearest 5; NA = Not
available.

Summary 2:

The best estimate of the localized ejecta-induced settlement of the road at the Vangelis Ln and
Fernbrook P1 site for the SEP 2010, FEB 2011, JUN 2011, and DEC 2011 earthquake is 0 mm, 20110
mm, 0 mm, and 1045 mm, respectively.
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