


C1. Introduction

For the purpose of this study, the objective has been to generate a water table surface for
the earthquakes listed below. The earthquake-specific water table surfaces are used for the
purpose of liquefaction vulnerability modelling. The four earthquake specific water table
surfaces are:

1. The water table surface immediately prior to the 04 September 2010 earthquake;
2. The groundwater surface immediately prior to the 22 February 2011 earthquake;
3. The groundwater surface immediately prior to the 13 June 2011 earthquake;

4. The groundwater surface immediately prior to the 23 December 2011 earthquake.

c2. Report on development of median water table surface

The four earthquake-specific GW surfaces have been developed based on the median water
table surface which was created for Christchurch, as summarised in the following report:

van Ballegooy, S., Cox, S. C., Agnihotri, R., Reynolds, T., Thurlow, C., Rutter, H. K., Scott,
D.M. Begg, J. G., McCahon, I. (2013) Median water table elevation in Christchurch
and surrounding area after the 4 September 2010 Darfield Earthquake. GNS Science
Report 2013/01 (in final draft at time of issue)

The report presented contour maps of the water table elevation and depth below ground
across Christchurch City and the surrounding area for the period following the M,,7.1
Darfield Earthquake of 04 September 2010. It also assessed the historic long-term (pre-
Darfield Earthquake) fluctuations in the water table and compared them to the developed
post-earthquake median water table surface, commenting on direct effects caused by the
earthquake series.

The median water table surface was generated using monitoring well data, as well as river
monitoring and coastline data. The data was taken from the 'post-Darfield Earthquake'
period (04 September 2010 to 31 December 2012).

Monitoring well data from the following sources contributed to the development of the
median water table surface:

1. Christchurch City Council (CCC) — 22 wells, long term (>10 year) monitoring
duration, typically measured at weekly or fortnightly intervals;

2. Environment Canterbury (ECan) — 22 wells, long term (>10 year) monitoring
duration, typically measured at weekly or fortnightly intervals;

3. Earthquake Commission (EQC) — 762 wells, all installed after 22 February 2011,
typically measured at monthly intervals.

The total 806 monitoring wells selected for the development of the median water table
surface are assumed to provide data on the unconfined water table (as opposed to
confined aquifers). To qualify as being representative of the surface water table, all
monitoring wells were required to be either:

1. ashallow depth (<10 m) in the Eastern/Coastal or Transitional zones, with
groundwater levels that are not locally anomalous; or

2. anintermediate depth (from <10 to 35 m) in the Inland Zone, west of Christchurch
City where the groundwater is unconfined and Weeber (2008) demonstrated
connection between the shallow aquifers.

Any monitoring well records that appeared to be measuring confined groundwater levels,
indicating either artesian or sub-artesian pressure, were not included in the dataset used to
generate the median water table surface.



In addition to monitoring well data, monitored river level data for the Avon, Heathcote and
Styx Rivers (provided by CCC), and river level data for the Waimakariri River (provided by
ECan) contributed to the development of the median water table surface. Duration of
monitoring data for the rivers varied from 15-minute to 6-hourly intervals. A mean sea level
along sections of coastline on the study area’s eastern extent was also assumed for the
generation of the median water table surface.

Two key resulting contour plots, which appear in the median water table report (van
Ballegooy et al., 2013), are presented in this Appendix. The final contour plot of the median
water table surface (m RL) is presented in Figure C.1. The contour plot showing the median
depth to the water table surface (m bgl) is presented in Figure C.2.

C3. Methodology for calculation of earthquake-specific water table surfaces

The earthquake-specific contours were produced using data from the same sources as used
in the median water table surface report (Section C2 above), except only those sources
were used which had recorded water table levels immediately prior to the specific
earthquake.

The number of applicable monitoring wells with readings prior to each earthquake are
summarised in the table below.

Table C1: Monitoring data sources used for earthquake-specific water table
surfaces

04 September 22 February 13 June 23 December
2010 2011 2011 2011
EQC 0 0 211 159
monitoring
wells
ECan 12 22 22 22
monitoring
wells
CccC 10 13 22 22
monitoring
wells
CCCrriver 14 14 0 0
levels (Avon,
Heathcote &
Styx Rivers)

Note 1: It has been assumed that there is less than minor difference between groundwater levels for
July 2011 and June 2011, therefore the water table levels recorded within the EQC monitored wells
for July 2011 have assumed to be the likely water table levels just prior to the 13 June 2011
earthquake.

The majority of the first phase of EQC monitoring wells were installed by the end of July
2011, after three of the four main earthquakes had occurred. While this means that by

23 December 2011 there were the most monitoring wells in place (which would
theoretically result in the groundwater model with the highest level of confidence), due to
the Christmas holiday period only around half of the monitoring wells were measured. As a
result the 13 June 2011 groundwater surface has the highest level of confidence followed



by the December 2011 surface. The surface with the lowest confidence is the 04
September 2011.

Where groundwater levels were available just prior to a specific earthquake the difference
between the monthly groundwater reordering and the known median groundwater level
(van Ballegooy et al., 2013) for that particular monitoring well was calculated. These
differences were then used to create an earthquake-specific offset surface using Surfer
kriging software. The offset contour represents a prediction of how water table levels at a
particular month differ from the median groundwater levels (calculated over a 1-year or 2-
year period) based on their location within the Christchurch area. Table C1 above provides
details on the number of monitoring well points which contribute to each earthquake offset
surface.

Once the offset surface was produced it was visually inspected to identify any features
which appear as anomalies relative to the other data points due to potential incorrect
water table measurements, unusual seasonally high or low readings or other errors in the
data. Where anomalies were identified the particular well was inspected and removed from
the dataset (if required).

Typically the initial offset plots produced for 13 June 2011 and 23 December 2011 had a
good spread of data over the subject area and required little refinement before they could
be used to create earthquake-specific water table levels. However the initial offset surfaces
produced for 04 September 2010 and 22 February 2011 had a far less intensive spread of
data over the subject area requiring further refinement before it could be used to create
earthquake specific water table levels.

Therefore, r river level monitoring stations were included to provide some control in the
Avon River/CBD area. Using the same approach as for the monitoring wells, the difference
between the median water level at a river station and the water level at the river station a
day before the earthquake was used in creating the offset plot.

After completing the earthquake-specific offset surface , Surfer’s residual function was used
to obtain an offset value for the monitoring wells which do not have a water table reading
directly prior to the specific earthquake. The offset values were applied to the median
water table levels (van Ballegooy et al., 2013) for each monitoring well to obtain an
estimate of the earthquake-specific water table levels for well locations where no data was
available for that specific earthquake. For further details on using the offset plot method
for predicting water table levels reference should be made to van Ballegooy et al., 2013
Section 6.

Once the earthquake-specific grid and contours were produced (as a surface in m RL) they
were visually inspected to identify discrete points which caused features that did not fit
with the overall surface and did not have sufficient data to justify the overall trend. Where
necessary, well locations were deleted from the earthquake-specific water table surface if
the particular well created features that could not be justified.

In addition, a comparison between the earthquake-specific water table surface and LiDAR
survey was undertaken to identify areas where water levels were above ground level. In
these areas an individual groundwater drawdown point was added, with a water level set at
100mm below ground level. Up to 23 drawdown points were used in each of the four
earthquake-specific surfaces.

The following figures in this Appendix present the earthquake-specific water table surfaces
which have been calculated:



The earthquake-specific contour plots of the water table surface (as a reduce level)
for 04 September 2010, 22 February 2011, 13 June 2011 and 23 December 2011 are
presented in Figures C3, C5, C7 and C9 respectively.

The earthquake-specific contour plots showing the depth to the median water table
surface (as metres below ground level) for 04 September 2010, 22 February 2011,

13 June 2011 and 23 December 2011 are presented in Figures C4, C6, C8 and C10
respectively.



Date: 26/02/2013 Time: 4:40:51 p.m.

Y
RO PR
&

O

>,

%,

‘an
RLLIVITTITSS
‘.

e,
o
.,

K
~
-
»

I‘C‘\“lllll|l|llll||‘l‘.‘
o
>

Kaiapoi & Northern
[e] .
a

Suburbs

°
@
° U: o s..o.o. %0 ©
o’o wp°® 0%,
) LS
® ° °
O.

\"'.
(\

)

‘e

v
“\“ ML
»
R
R

R

Monitoring Wells

EQC Monitoring Well
® > 9 Months Data
@  ECan Monitoring Well
Other Analyses Data

sssnis Coastal Strings

LEGEND

EQC Monitoring Well

< 9 Months Data
o

if{ Draw Down Points

CCC Monitoring Well

River Strings @  River Monitoring Station
» d
5 < | Groundwater
& Level (m)
L

T e <0 5-6
AN 0-1 6-7
1-2 7-8

2-3 8-9
3-4 9-10

4-5 >10

No Data
- a0 © . iy
- - ) . DRAWN JEL |Feb.13]
Notes: Aerial Imagery supplied by New Zealand Aerial Mapping Itd. CHEGKED EARTHQUAKE COMMISSION
APPROVED CHRISTCHURCH CITY & KAIAPOI
ARCFILE .
‘ 52020-0200-GWM58 Groundwater Level Median Model
A3 SCALE 1:60,000 SCALE (AT A3 SIZE) .
0 1 2 3 4 (km) 1:60,000 (Lyttleton Vertical Datum 1937)
Pre‘pared by Tonkin & Taylor Ltd FIGURE No H Rev.
Location Plan Rt 59020-0200 Figure C1

“‘uu-ll




Date: 26/02/2013 Time: 4:44:14 p.m.

“RABETH 1| DRIVE

Kaiapoil & Northern!Suburbs!

RICCARTON ROAD GLOUCESTER STREET

/> P - TS P R R - R L
N | J 3 e LEGEND
) Monitoring Wells
—_— e u N S TSRS T A TR Y T A i EQC Monitoring Well EQC Monitoring Well
Fengy ®  >9 Months Data © <9 Months Data
BRoyGHAM STREET 4‘040
® ECan Monitoring Well ©  CCC Monitoring Well
Other Analyses Data
. uranir Coastal Strings jﬁ{ Draw Down Points
K2
& %q,o River Strings 7 River Monitoring Station
<& o
) & & Groundwater
s, SouTHERN MOTO _‘@y
o 5 Depth (m)
R

Above Ground - 3.0-4.0
0.0-1.0 4.0-50
1.0-2.0 5.0-6.0
2.0-3.0 6.0 +

B -0
J

Notes: Road Database supplied by Terralink Intenational Ltd. Rivers, gs:‘g}z‘ED JEL |Feb13 EARTHQUAKE COMMISSION
lagoons and coastline licensed under Creative Commons
Attribution 3.0 New Zealand and sourced from LINZ :::F;ESVED CH RlSTCH URCH & KA'APO'
52020-0200-GWMS57 Depth to Groundwater 25m Grid
A3 SCALE 1:60,000 SCALE (ATAS3 SIZE) .
0 1 2 3 4 (km) ____1:60000 _ (Post Dec 2011 Median Model) _
lo. 0. H ev.
e —— — Location Plan 52020-0200 Figure C2




‘e

- .
o = :
° ° L 3
°° 3 %
[ ] L4 ) "v,
4 o °
] e ¢
° ° ',‘ °
° o 5
gs_ :
0% g B A\
S < Kaiapoi & Northern Suburbs
..ﬂ' Rid ‘.‘ \ \ I~ .
E ='o :'
S s - I ™
; @ LEGEND
- 4 ﬂ‘
H ‘a3 Monitoring Wells
.:' H ", Measurement in No Measurement
‘\.‘ 2 < September 2010 in September 2010
ver ° Other Analyses Data
K4 “» v -
> “_‘ '-__ s Coastal Strings 71‘,{ Drawdown Points
[ -4
s ® H River Strings @  River Monitoring Station
““lilllllllllllll-lllll"a‘ ::- ? :: Groundwater
8 & & |Level(m)
3 Yt
- <0 5-6
n,.“' 0-1 6.7
1-2 7-8
2-3 8-9
3-4 9-10
4-5 >10
No Data
3 \ J/
g Notes: Aerial Imagery supplied by New Zealand Aerial Mapping Itd. (E:)Eé‘gr'(\‘ED JEL Feb13 EARTHQUAKE COMMISSION
g Ma APPROVED CHRISTCHURCH CITY & KAIAPOI
E p ARCFILE . . .
o ) J 52020-0200-6WM10 | Groundwater Levels and Monitoring Well Locations
g A3 SCALE 1:60,000 SCALE (AT A3 SIZE) .
g, 1 o 3 4 (km) l e 1:60,000 September 2010 (Lyttleton Vertical Datum 1937)
: e T T—= 1 Prepared by Tonkin & Taylor Ltd FIGURE No. FI ure C3 Rev.
] Loction Plan R 52020-0200 9




“R4BETH Il DRIVE

Date: 26/02/2013 Time: 4:34:53 p.m.

Nz PRERNVAREL . Ny LN oo L e SEELO  CTERT RS C-SEE)
/. ‘-'\w w_am;&/*m R b R TR Y The L LG
A, R
4'@,?040 ‘?ﬂ
3 %
g %, 3
& £ % %
L T, %, ®
& KN %
/ / S U SIS T TR T TR . e ] Ta QL% % ek e T LIONSNWN. \t
)
v»o"’ﬁo}
BEALEY AVENUE
4(0‘,%?'
R
’ & Northern) Suburbs|
RlcCARTON ROAD GLOUCESTER STREET
Sl
f@
Q
! ovennem Ao o N o R | [ | [ R T T ame T/ F han p ~
LEGEND
Femg Monitoring Wells
BRoUGHAM STREET "oy, o Measurementin No Measurement
September 2010 in September 2010
Other Analyses Data
ssisnr Coastal Strings 7,’3{ Drawdown Points
%,
o %q,o River Strings @  River Monitoring Station
<& o
. T o« Groundwater
4‘@,,, sourHerN MOT© & Depth
% & epth (m)
<
Above Ground 3.0-4.0
0.0-1.0 4.0-5.0
1.0-2.0 5.0-6.0
2.0-3.0 6.0 +
_ - No Data
e LR W T S J
Notes: Road Database supplied by Terralink Intemational Ltd. Rivers, gzé‘gEED JEL |Feb.13 EARTHQUAKE COMMISSION
lagoons and coastline licensed under Creative Commons Attribution 3.0
New Zealand and sourced from LINZ. Crown Copyright Reserved ::;ESVED CHRISTCHURCH CITY & KAIAPOI
A3 SCALE 1:60,000 52020-0200-GWMO7 Depth to Groundwater 25m Grid
. ’ SCALE (AT A3 SIZE)
0 1 2 3 4 (km) 1:60,000 (September 2010)
PROJECT No. Rev.

Location Plan

52020-0200

FIGURE No. Figure C4




Date: 26/02/2013 Time: 4:38:00 p.m.

G
N P
Sivagy
o [ ] “E., " =‘:\l
e’ o é\“. 3
oy =
o0 o8&
% Y
@«\ ° ‘._
° =
° ° KE
° =
o :‘.
s J
° 4
[]
° e ©® \
\Kaiapoi & Northern Suburbs
\ ¢ y ~
o
4 M
LEGEND
s Monitoring Wells
° ", Measurement in No Measurement
", February 2011 in February 2011
Y Other Analyses Data
'-__ s1sass Coastal Strings 79.{ Drawdown Points
[ 23
° ®: River Strings @  River Monitoring Station
° < := Groundwater
o ° £ |Level (m)
LTI
° o :u,."" <0 5-6
3 0-1 6-7
° 1-2 7-8
[ ] ° 2-3 8-9
o ° ° w 3-4 9-10
° 4-5 >10
° ° °
° ° No Data
- ®.0 0 Nk . J
Notes: Aerial Imagery supplied by New Zealand Aerial Mapping Itd. EE:‘(’:":‘ED JEL Feb13 EARTHQUAKE COMMISSION
Ma APPROVED CHRISTCHURCH CITY & KAIAPOI
p ARCFILE . N .
A3 SCALE 1:60.000 J 52020-0200-6WM11_| Groundwater Levels and Monitoring Well Locations
. 3 \ SCALE (AT A3 SIZE) .
0 1 2 3 4 (km) Ndan- 1:60,000 February 2011 (Lyttleton Vertical Datum 1937)
1 v PrePared by Tonkin & Taylor Ltd FIGURE No. H Rev.
e —— — Loction Plan R 52020-0200 Figure C5




&« o e AT T AT DT S A T %

“RABETH 1| DRIVE

Date: 26/02/2013 Time: 4:35:52 p.m.

N/ % %
/ “__
/- - R k
KN z
o %
$ E)
£ “a, B 3
g " 3, %
$ S %,
& KN 7‘07
/ / L D RS TR T @GR el L e Tadi® % el e e e e\ T
)
vé"rﬁo}
<
BEALEY AVENUE
awﬁ,uksr
R p
5 Kaiapoil& NorthernSuburbs
RM:CARTDH ROAD GLOUCESTER STREET
O
&
N | RoN T F TRa p ~
LEGEND
Fen Monitoring Wells
BROYGHAM STREET "*o,,o o Measurementin o NoMeasurement
February 2011 in February 2011
Other Analyses Data
ssanir Coastal Strings 7’3{ Drawdown Points
%,
0 %ovo River Strings @  River Monitoring Station
<& o
% o0 ad R Groundwater
%Q( SOUTHERN M ‘;_& Depth (m)
R
Above Ground - 3.0-4.0
0.0-1.0 4.0-5.0
‘ / 1.0-2.0 5.0-6.0
A

2.0-3.0 6.0 +

- No Data

AT, ¢ .. TR L T J
Notes: IRoad Database suppligd by Terralink Interngtional Ltd. Rivers., ! gzé‘(/:VEED JEL |Feb 13 E ARTHQU AKE COMM |SS|ON

agoons and coastline licensed under Creative Commons Attribution 3.0

New Zealand and sourced from LINZ. Crown Copyright Reserved ::;F;ESVED CHRISTCHURCH CITY & KAIAPOI

52020-0200-GWMO08 i

A3 SCALE 1:60,000 -52020-0201 Depth to Groundwater 25m Grid

0 1 2 3 4 (km) 1:60,000 (February 2011)
PROJECT No. FIGURE No. H Rev.
Location Plan 52020-0200 Figure C6




Date: 26/02/2013 Time: 4:39:20 p.m.

A3 SCALE 1:60,000

0 1 2 3 4 (km)
- ——

Location Pla

5 © ]
s v e ®
E
]
Sivagy
) - W
e ° “r(—\""_:"
® 00® (}\,: 3
oy =
O_O‘ -‘"
o
° -
%
N
"
v
s J
v
%
""
: *
\K i i & North Suburb:
alapol orthern suburbs,
P A R S S NP . <
° -~
- ' ~
F LEGEND
H Monitoring Wells
g
o & Measurement in o NoMeasurement
° ° oe o June 2011 in June 2011
° :o: o e & Other Analyses Data
R »
: g ) wrenen Coastal Strings 79.{ Drawdown Points
.
° H River Strings @  River Monitoring Station
° ‘;\“"'""'lluu..-""‘%‘ :: Groundwater
° ° ° LY £ | Level (m)
-
)
e o i v, <0 5-6
0-1 6-7
° 1-2 7-8
° 2-3 8-9
L4 °
° ° x 3-4 9-10
° 4-5 >10
° ° °
° ° No Data
- ®.0 0 Nk . J
Notes: Aerial Imagery supplied by New Zealand Aerial Mapping Itd. 25‘;‘(’3"}'(“@ JEL |Feb13 EARTHQUAKE COMMISSION
APPROVED

ARCFILE
52020-0200-GWM12

SCALE (AT A3 SIZE)

1:60,000

CHRISTCHURCH CITY & KAIAPOI
Groundwater Levels and Monitoring Well Locations
June 2011 (Lyttleton Vertical Datum 1937)

Prepared by Tonkin & Taylor Ltd

Rev.

FIGURE No. Figure C7

Ret 52020-0200




RICCARTON ROAD

wot®!

“RABETH 1| DRIVE

GLOUCESTER STREET

FERRy

BROYGHAM STREET N

Kaiapoil& NortherniSuburbs

. 3 LSO
- ™
LEGEND

Monitoring Wells
Measurement in o NoMeasurement
June 2011 in June 2011

Other Analyses Data

ssisnr Coastal Strings 7,’3{ Drawdown Points

%,
u%o River Strings @ River Monitoring Station

Groundwater

Depth (m)
Above Ground - 3.0-4.0
0.0-1.0 4.0-5.0
1.0-2.0 5.0-6.0
2.0-3.0 6.0 +

- No Data
J

Date: 26/02/2013 Time: 4:36:55 p.m.

AT TS ¢ .y TRYL L, T
Notes: Road Database supplied by Terralink International Ltd. Rivers, gs:‘g}z‘ED JEL |Feb.13 EARTHQUAKE COMMISSION
lagoons and coastline licensed under Creative Commons Attribution 3.0
APPROVED CHRISTCHURCH CITY & KAIAPOI

New Zealand and sourced from LINZ. Crown Copyright Reserved

A3 SCALE 1:60,000
0 1 2 3 4 (km)
- ——

Location Plan

ARCFILE
52020-0200-GWMO09

SCALE (AT A3 SIZE)

1:60,000

Depth to Groundwater 25m Grid
(June 2011)

PROJECT No.

52020-0200

Rev.

FIGURE No. Figure CS




X (_’ /
L4
Se e o
@K o ®
(') o® o
[ ) .v ° ° o :.
® %,
:u"..
' = Y
° © “r(—\""_-"
o o v
. PR
o0 o8&
° B
° ° KE
° :
s o
° 4
o
o )
MKaiapoi & Northiern Suburbs
A\ i ~
o
" ™\
LEGEND
Monitoring Wells
° Measurement in No Measurement
A December 2011 in December 2011
Y Other Analyses Data
'-__ s1sass Coastal Strings 79.{ Drawdown Points
O =
° ® = River Strings @  River Monitoring Station
° ¢ : | Groundwater
o ° £ |Level (m)
AT
e o J <0 5-6
3 0-1 6-7
° 1-2 7-8
° * 2-3 8-9
o
° ° 3-4 9-10
L J
° 4-5 >10
° ° o
e o * No Data
£ - ® .00 . J
g Notes: Aerial Imagery supplied by New Zealand Aerial Mapping Itd EE:‘(’:":‘ED JEL Feb13 EARTHQUAKE COMMISSION
- APPROVED CHRISTCHURCH CITY & KAIAPOI
z A3 SCALE 1:60.000 52020-0200-6WM13 | Groundwater Levels and Monitoring Well Locations
I . 3 23 SCALE (AT A3 SIZE) .
g, 1 o 3 4 (km) an = 1:60,000 December 2011 (Lyttleton Vertical Datum 1937)
: e —— w Prepared by Tonkin & Taylor Ltd FIGURE No. FI ure Cg Rev.
g Locdtion Rlan Rt 52020-0200 9




“R4BETH Il DRIVE

AN F s v/ W /St NS LM S T N EITeT. i
/N \» /T \_'Ea.iﬂ’";ﬁx"'/ﬁ‘___i\t
4,
/4?44.8/% -
no %
§ %
S 2, 3
s %%4 % %
87 (‘h 7"'0 N
& “&% EY
- R/ - - - - -
/ | DURERSD T TN T e eial ST Qe L e T4k % e L s @G 0%0N ) %
)
vv&e@o
4(0
"rgy ‘& NortherniSuburbs;
RlcCARTON ROAD GLOUCESTER STREET
VS)
&
ra
Q
| aveneneroro— i N Rl T T T el o/ F A% p ~
LEGEND
Femg Monitoring Wells
BROYGHAM STREET "oy, o Measurementin e NoMeasurement
December 2011 in December 2011
Other Analyses Data
ssanir Coastal Strings 7’3{ Drawdown Points
%,
o %q,o River Strings @  River Monitoring Station
<& o
" o T & Groundwater
%“Q souTHERN W vv’;# Depth (m)
Yy, B
o, Above Ground 3.0-4.0
0,
’ 0.0-1.0 4.0-5.0
1.0-2.0 5.0-6.0
L
' s 2.0-3.0 6.0+
- No Data )

Date: 26/02/2013 Time: 4:40:07 p.m.

Notes: Road Database suppligd by Terralink Intern:ational Ltd. Rivers‘, ! gsé‘éVEED JEL |Feb 13 EARTHQUAKE COMM |SS|ON
lagoons and coastline licensed under Creative Commons Attribution 3.0
New Zealand and sourced from LINZ. Crown Copyright Reserved ::;ESVED CHRISTCHURCH CITY & KAIAPOI
52020-0200-GWM14 i
A3 SCALE 1:60,000 -52020-0201 Depth to Groundwater 25m Grid
0 1 2 3 4 (km) 1:60,000 (December 2011)
PROJECT No. FIGURE No. H Rev.
Location Plan 52020-0200 Figure C10




