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Subject: Liquefaction Susceptibility for Clevedon Meadows Subdivision, Clevedon
Date: 23/05/2025

Project Ref: J00721

Document ID: 613654

LDE have completed a liquefaction susceptibility assessment for the Clevedon Meadows Subdivision. This assessment
has been completed in accordance with the requirements with the NZ Building Code Acceptable Solution B1/AS1.
Specially, we refer to the most recent MBIE and NZGS guidance regarding liquefaction assessments. These documents

are:

e “Planning and engineering guidance for potentially liquefaction-prone land: Resource Management Act and

Building Act aspects™

e MBIE/NZGS Module 3: “Identification, assessment and mitigation of liquefaction hazards™.

2.1 Liquefaction Vulnerability Maps

We have reviewed the liquefaction vulnerability assessment as outlined in the Auckland Council Geomaps Viewer which

provides the following categories:
o Level A (Basic Desktop Assessment): Liquefaction Damage is Unlikely to Possible

e Level B (Calibrated Desktop Assessment): Liquefaction Damage is Unlikely to Possible (refer section 2.2)

' Earthquake Commission (EQC), Ministry of Business Innovation & Employment (MBIE) and Ministry for the Environment (MfE). “Planning and
engineering guidance for potentially liquefaction-prone land: Resource Management Act and Building Act aspects” Rev. 0.1, Issue Date September
2017.

2 New Zealand Geotechnical Society (NZGS) and Ministry of Business Innovation & Employment (MBIE) guidelines for Earthquake Geotechnical
Practice in New Zealand. “Module 3: Identification, assessment and mitigation of liquefaction hazards” Rev. 1, Issue Date November 2021.



2.2 Geology Maps

We have reviewed the published GNS digital geological QMaps? within the vicinity of the subdivision which indicate the
following geologies:

¢ Engineered Fill: Although not shown on the geological maps, some areas of the subdivision have been modified
through recent bulk earthworks operations overseen by LDE. Fills of up to 4m have been placed to date
(although generally less than 2m).

o Tauranga Group (Holocene): Comprises organic rich alluvial and colluvial deposits, typically sand, silt and clay

with local gravel and peat beds.

e Tauranga Group (Middle to Late Pleistocene): Comprises predominantly pumiceous sand, silt, mud and clay,

with interbedded gravel and peat.

o Puketoka Formation (Late Pliocene to Middle Pleistocene): Comprises rock derived alluvial sedimentary

soils. Generally includes inorganic silts and clay soils, although alluvial soils can be highly variable and lenses
of organic soils, peats and pumiceous soils occasionally occur

e Waipapa Group (Late Triassic to Middle Jurassic): The Waipapa Group forms the basement rock in Auckland

and the surrounding areas. It comprises a partially metamorphosed, indurated, moderately strong sandstone

and mudstone. These rocks completely weather to a residual clay and silt mantle.

The above units are shown in Figure 01 (attached), which indicates that both Holocene and Middle to Late Plesistonce

Tauranga Groups are present below this development, as well as engineered fills across most parts of the subdivision.
2.3 Semi-Qualitative Screening

We have also completed a semi-quantitative screening criteria where liquefication damage is considered unlikely based
on the criteria of Table 4.3 from the liquefaction planning document'. This table specifies that a liquefaction vulnerability
category of “Liquefaction Damage is Unlikely” can be assigned if the PGA for a 500-year intensity of earthquake shaking
is calculated as being less than 0.3g. We have therefore calculated the PGA for magnitude 7.5 earthquake using the
magnitude scaling factor specified, assuming an ultimate limit state (ULS) PGA of 0.19g and earthquake magnitude of
6.5 as specified in Table 1A of MBIE Module 14, as follows:

3 GNS Science. (2012) Geological Map of New Zealand [NZL_GNS_ 250K _seamless_gmap_geological _map.kml].
GNS Science. https://doi.org/10.21420/QF82-7D42

4 New Zealand Geotechnical Society (NZGS) and Ministry of Business Innovation & Employment (MBIE) guidelines for Earthquake Geotechnical
Practice in New Zealand. “Module 1: Overview of the guidelines” Rev. 1, Issue Date November 2021.



—6.5

MSF = [6.9e i 0.058] =13

1.3 x 0.19g = 0.25g

On this basis, we have determined that the scaled PGA is less than 0.3g and therefore the liquefaction vulnerability
category of “Liquefaction Damage is Unlikely” applies. This is described in Table 4.4 of the MBIE planning document’
as “there is a probability of more than 85% that liquefaction-induced ground damage will be none to minor for 500-year
shaking”.

Table 4.4: Performance criteria for determining the liquefaction vulnerability category

LIQUEFACTION CATEGORY IS UNDETERMINED
A liquefaction vulnerability category has not been assigned at this stage, either because
a liguefaction assessment has not been undertaken for this area, or there is nat enough
information to determine the appropriate category with the required level of confidence.

LIQUEFACTION DAMAGE IS UNLIKELY LIQUEFACTION DAMAGE IS POSSIBLE
There s a probability of more than BS percent that There is a probability of more than 15 percent that
liquefaction-induced ground damage will be liguefaction-induced ground damage will be

None to Minor for 500-year shaking. Minor to Moderate (or more) for 500-year shaking.
At this stage there is not enough information At this stage there is not enough information
1o distinguish between Very Low and Low. to distinguish between Medium and High.
More detailed assessment would be required to Maore detailed assessment would be reguired to
assign a mare specific liquefaction category. assign a more specific liguefaction categary.

Very Low 1 Low = | High
Liquefaction Vulnerability i Liguefaction Vulnerability & Liguefaction Vulnerability
There is a probability of There is a probability
more than BS percent that f mi than 50 percent tl
liquefaction-induced liguefaction-indu
ground damage will be , ground damage will be

None to Minor for Moderate to Severe for

D-year shaking; and/or

500-year shaking,

Minor to Moderate

B (or more) for 100-year shaking

3 LEVEL B LIQUEFACTION SUSCEPTIBILTY ASSESSMENT

3.1 Level B Assessment Requirements

Table 3.7 of the MBIE planning document’ specifies that a Level B assessment should be completed where
Liquefaction Damage is Unlikely. Table 3.1 of this document then specifies that a Level B assessment may involve:

e Information from a small number of subsurface investigation points to provide high-level understanding of the

nature and variability of the key geological units.

e Qualitative (or possibly quantitative) assessment of subsurface ground information to provide high-level

understanding of the potential for liquefaction triggering to occur, and potential severity of the consequences.
3.2 Deep Investigation Summary

We have reviewed the available information from the New Zealand Geotechnical Database as well as geotechnical
investigations completed by LDE, and have selected six deep investigation records within the vicinity of the Clevedon
Meadows subdivision, located as shown in Figure 01, and are summarised in Table 1 below. Full investigation logs are

attached.

LD
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Table 1. Summary of nearby investigation logs.

Borehole | Source Geological Depth | Summary of Ground Conditions
ID Group
MHO1 LDE Geotechnical Tauraga Group 19.5m | Generally inorganic silty clays and clayey
Assessment Report (Ref. (Middle to Late silts. Occasional layers of amorphous to
J00721 — Rev.E. Dated 3 Pleistocene) fibrous peat below 3m depth. Interbedded
August 2022. with sands and gravels below 12.5m
depth.
80368 NZ Geotechnical Database | Tauraga Group 198m | Clays. Occasional silts and organics below
(Holocene) 2.5m depth. Sands and pumiceous clays
below 14.5m. Interbedded with cohesive
soils to 194m.
80512 NZ Geotechnical Database | Tauraga Group 100m | Cohesive soils to 4m to 5m. Becomes
(Middle to Late interbedded with peat and sands / gravel
Pleistocene) to 100m.
81146 NZ Geotechnical Database | Tauraga Group 281m | Cohesive soils to 8m, becoming
(Holocene) interbedded with silts, sands, gravels and
occasional peats to 123m.
81460 NZ Geotechnical Database | Tauraga Group 90m Clays to 11m, becoming interbedded with
(Holocene) silts and sands to 90m.
82369 NZ Geotechnical Database | Tauraga Group 58m Clays to 2m, becoming interbedded with
(Middle to Late peats to 21.5m. Generally interbedded
Pleistocene) sands and clays to 58m.

3.3 Investigation Data Review

Our review of the boreholes indicates that the wider soils of the Tauranga Group across the wider subdivision and

adjacent areas comprise stiff cohesive deposits over the upper 2m to 3m (or up to 11m in some cases), underlain by

variable peats, silts and sands below these depths. MBIE Module 32 discusses that cohesive soils with a plasticity index

(PI) >12% are not susceptible to liquefaction. It is our opinion the soils identified in both these boreholes exceed this

criteria over at least the upper 3m (i.e. the material over these depths is cohesive). Expansive soils testing presented in

the 2022 LDE report referenced in Table 1 above (see results in Table 3 below) indicate the cohesive soils at this site

have a PI of greater than 39%, which is typical for Tauranga Group cohesive soils.

Table 3. Results of Laboratory Tests
Borehole Avg. Water Liquid | Plastic | Plasticity | Liquidity Linear Casagrande
No. Depth | Content | Limit Limit Index Index Shrinkage | Classification
(m) (%)

HA02 0.75 396 92 38 54 0.0 16 CH

HA11 0.75 51.0 114 49 65 0.0 17 MH

HA17 0.75 406 72 33 39 0.2 14 CH

HA22 0.75 545 119 49 70 0.1 18 MH




F u rthe r’ M B | E a |SO p I’OVIdeS g u |da n Ce a rou nd Co nS|derat| On Figure 5.3: Ishihara’s chart for evaluation of effects of crust thickness on liquefaction-induced ground

damage (ishihara, 1985)
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at this site (i.e. highly plastic cohesive soils), and in some
areas that crust thickness has been modified with S T
engineered fills of variable thicknesses. Similar observations have been made within our post-construction boreholes

across the completed stages of the Clevedon Meadows subdivision as well as adjacent subdivisions.

Research completed by Bowen & Jacka (2013)% has compared this theory to the damage recorded in during the 2010
and 2011 Canterbury earthquake sequence which found that where the crust thickness of 3m or more is present (for a
PGA of 0.2g, which is similar to the 0.19g ULS PGA for Clevedon Meadows), liquefaction was considered unlikely to
occur as the crust thickness was considered too thick for the underlying liquefied soils to ‘break through’, for example in
the case of sand boils. The research also suggests that the thickness of the underlying liquefied layer is a less important
factor except in instances where a liquefied layer of between 0.5m and 2.0m were present within the upper 3m, which

is not the case here.

This memorandum provides a (high-level) qualitative assessment of liquefaction assessment for the Clevedon Meadows
subdivision, for which multiple stages have undergone extensive geotechnical investigations prior to Resource Consent
approval. Based on the Level B assessments outlined above, it is our opinion that the subdivision has Low Liquefaction
Vulnerability and Liquefaction Damage is Unlikely (i.e. there is a probability of more than 85% that liquefaction

induced ground damage will be none to minor for 500-year shaking).

For and on behalf of LDE Limited

7
Kyle Meffan

Associate Engineering Geologist
CMEngNZ (PEngGeol)

Attachments: Figure 01 (Geological and Relevant Investigation Summary)

Investigation Logs

5 Bowen, H. & Jacka, M. (2013) “Liquefaction induced ground damage in the Canterbury earthquakes: predictions vs reality” Proc. 19" NZGS
Geotechnical Symposium.
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NZGDgmeadBrowny b T . L

|

Signed Kilometers Drill Rig| I Time ig;rs Hours




NZGDyID: 80512

22265 3A 2

KIWI WELLDRILLERS N.Z.

IS0 9002 CERTIFED

KEVIN BROWN LTD.

PH. 0800 822 822

BRANCHES:

BAY OF ISLANDS
WARKWORTH

GLENBROOK

5 % CIRCULATION LOSS AT 32.00m 5% @ 46.00m

KIWIL 110 11.03.

NZGD ID: 80512

PO BOX 400 OREWA
FAX 09425 0228

E-Mail

kevin@kiwiwelldrillers.co.nz

BORE LOG FORM
Client MANUKAU CITY COUNCIL Driller SAM KOREWHA > oY
CLEVEDON SPORTS GROUNDS Drilling Method ROT.- MUD % g’ 5'6
.‘deress 73 MONUMENT RD CLEVEDON Date of Finishing 24.6.2005 a; ‘_9& %

Grid Reference S11 2691930 6464690 Purpose of Bore SPORTS GROUNDS £ £ 2
Consent No. 300935 Bore L.D. 22355 SITE: BY BOWLING CLUB PUMP SEE% TU
BORE LOG WELL CONSTRUCTION 3 g g
Depth from Surface  Description of Ground All measurements from the top of the casing g c .g
Top Bottom Passed Through Depth of bore (M)  97.00 2, -
0.0 02 TOPSOIL Depth of casing (M) 83.00 =8 8!
02 50 MULTICOLOUR CLAY Diameter of Casing PVC 104 (mm) i I i
5.0 5.5 PEAT Screens: 80mm PVC KIWI CUT - TOP;66m f_
55 80 V.SOFTBLUEGREENCLAY From 85.00 mto 97.00 m § Iy
80 86 PEAT Slot size arid type 4mm 250 mm APART ~ ° °
8.6 16.0 V,SOFTBLUE GREEN CLAY  Grouting 14 Bags

16.0 16.9 PEAT TIMBER Pump Tests:

.16.9 31.5 V.SOFTBLUE GREEN MARL  Method of development AIR & SURFACE

31.5 33.7 TIMBER - GRAVELS Static water level 3.10 m

33.7 45.5 V.SOFT BLUE GREEN MARL  Duration of test 7 HOURS

455 47.0 TIMBER GRAVELS GREYW/KE Max 12000 Itrs p/hr

47.0 70.0 V.SOFT BLUE GREEN MARL  Test discharge (m’/hr) 12

70.0 72.0 GRAVELS - GREYWACKE CHIP Drawdown level 7.10 m ‘

72.0 85.0 V.SOFT BLUE GREEN MARL PUMP DEPTH 10.00 m FOOT SUCTION |
85.0 97.0 GRAVELS - GREYWACKE PUMP VOLUME up to 6000 Itrs p/hr

WITH TIMBER Type pumnp to suit construction of bore for client
97.0 100.0 V. SOFT BLUE GREEN MARL  SURFACE PUMP SET
AT 10.00 m. FOR 3000 iph
REMARKS Water Quality Basic on site taste test
TOP OF SCREEN AT 66m

SMALL ODOUR & IRON CONTENT
5@ 71.00m 10 % @ 90.00m.

=0 0N Mulad 1918

MEMBER NZ. DRILLERS FED

" ([ 2og
‘ON WULIdg 210g

S
LTRSS RIS $OPIOH 16eS100



NZGD,ID: 80512

-

KIWI WELLDRILLERS N.Z.

ISO 9002 CERTIFED

KEVIN BROWN LTD.

MEMBER NZ. DRILLERS FED

PH. 0800 822 822

BRANCHES:

BAY OF ISLANDS
WARKWORTH

GLENBROOK

PO BOX 400 OREWA
FAX 09 425 0228

E-Mail
kevin@kiwiwelldrillers.co.nz

BORE LOG FORM

Client MANUKAU CITY COUNCIL
CLEVEDON SPORTS GROUNDS
ddress 73 MONUMENT RD CLEVEDON

Grid Reference S11 2691695 6464670
Consent No. 308935 Bore I.D. 22366

BORE LOG
Depth from Surface  Description of Ground
Top Bottom Passed Through
0.0 0.3 TOPSOIL
0.3 4.0 MULTI COLOUR SOFT CLAY
4.0 6.0 PEAT
6.0 8.0 GREY SOFT CLAY
8.0 13.0 PEAT
13.0 28.0 GREY GREEN SOFT CLAY
28.0 39.5 GRAVELS
@355 510 WHITE GREY SOFT CLAY
51.0 550 PEAT TIMBER
550 59.0 GRAVELS
59.0 68.0 MULTI COLOUR SOFT CLAY
68.0 70.0 GRAVELS
70.0 82,0 GREY SOFT CLAY
82.0 830 GRAVELS
88.0 920 GREY SOFT MUDSTONE
92.0 97.0 GRAVELS
97.0 102.0 GREY SOFT MUDSTONE

REMARKS
5 % CIRCULATION LOSS @ 82.00m

KIW111011.03.

NZGD ID: 80512

Driller SAM KOREWHA TEEFE
Drilling Method ROT.- MUD i g é’l < 5
Date of Finishing 28.6.2005 2 ;ig 3
Purpose of Bore SPORTS GROUNDS»'—Z % @ >
SITE: WEST SIDE OF SPORTSFIEID ¢ & © -
g B % : e
WELL CONSTRUCTION :".'3 g c i g
All measurements from the top of the casing \?’/ '8_ g- @
Depth of bore (M)  88.40 PR g
el
Depth of casing (M) 72.90 ‘“\: \:;N :
Diameter of Casing PVC 104 (mm) ?N ot
Screens: 80mm PVC KIWI CUT :%1 ™
From 80.00 mto 8840 mai | %
Slot size and type 4mm 250mm APART
Grouting 14 Bags
Pump Tests:
Method of development AIR INDUCTION
Static water level ~ 2.00 m

Duration of test 3 HOURS

Max 9000 Itrs p/hr

Test discharge (m/hr) 9.0

Drawdown level 7.40 m

PUMP DEPTH 10.00 m FOOT SUCTION
PUMP VOLUME up to 7200  ltrs p/hr

Type pump to suit construction of bore for client

SURFACE PUMP SET

AT 10.00 m. FOR 3000
Water Quality Basic on site taste test
VERY SMALL IRON CONTENT

Iph

10N NULIdg log

seor

" J9pJOH JUSSUO)

2O



' NZ&M&W’“‘""“ NZ LTD 7 7/ { 0\ ) Standard Document SD501.0 Version: 11 May 1998|

- Drlllwell Exploratlon NZ LTD npaily Log Sheet (General) Log No. 28538

9 Rawson Way, Takanini, Auckland RECEIVE
1° client D;zuz/f ‘ﬂ)x% ( A R

%\%tﬁ i |Job Ref No. | gmﬁ Zjlf&;.vwl CﬂédDayl%vfjcidﬁ/

2" client ‘ By: | Perm|t No. IC g [~ 1213 '5 Date
|
Location b West Road  Cleveda~ . | BoreHoteNo.|_7 | Bore Size| Zogerm sz

f streel address or (ocality

@ iaret =0 CD% | &4 | Rig No.|_2.5_| Tender No. [ 2 7- Fm

narthing eastlng
19re51999 |

Firs_l Surhame
—e——

Purpose of Bore l/\b-}eﬁ = &0 . | consultant
BY:

Work Details IQ//;upd o Sr/e an ?'CCFM\ Bore Log : S |
Jwaided o pit 1o beolug.| o-2sm clays

Set up //C/ orcd ~(eu6Meo’F M-~ M Rtgu.:Hs

o~ blecks prilleol joc I~ (31 Craedo [Peat. | Geo sits,
dost  hole L o 4o /3%ubm] B-2UmM Rl silfs d

e Miecd Yovagh. o1 - 3

dhe. olpy 70 keef ¥he  |3a— 5% G [Rran S///sﬁceo‘f‘
hole 66400/1%60*( Pl ot |ssm—-gdIm  Bhee s:h’s) pecit [Broansitts
foohn = Tockeoh | auwony ol tine. [N 930 shicks Rbue sifs,

day mth

Jools  ekc ‘ N, |18 — 2T st ada muolotorz |
_..cufeo{ Sife. et Llom~ T8 Sovelstre [ Scrcfolo"r\?v
3 Lirmestore |//Harb& .
Ceabeo{ uu:vk | Gﬂ‘ lpe 452'44 3)73/"'“ 37'71'4 Lfmes-/afwe :/_//-/ar'o(
Consent Holder ...Armanz. R, St 29m ~ R lofara Greywacky fiwred,
Bore Permit No: . C:ré‘?-._ l’.Z"Z.E?ﬁ.... - . . / ’_7 "
Bore ID ....2Q4E1...... ,*:mf}m ittt Y[ Hrie @\ & B 2 4] m '

Water Permit No: / .............. VYV I s
Date Consents D-base Updated. =4 \35\‘1.‘1 P

IDate: Bore Log D—base Updated 4,4*._‘;;; I"l G o UL

NZGD 1D 81146
Airhne RKesult (/0% ot Test)........ r’ ..................




NZGD ID: 81460

BIIHHHH- MTED

P Welldrillers Ltd.

Telephone ~ 07 871 5897 Fax 07 871 6513 Date

- agq

BOJRE I NFORMATTION

Bore Log: : Owners Name: f{/lf Ca’/‘l‘/l %fswﬁ\/
‘ Address)ﬂl /lq/uf Qd O{C\/Ld&’\

Ob- (I Bown clau
‘ | Permit No: /7\33

N - '5 g/ /TtS Date drilled: /2/5/ 7%
. Purpose of Bore: NW“F &Df'&
15 - 5\1 gf@vw’\ (./ftwl | WELL CONSTRUCTION:
f | Bore Hole Depth: 70 m

z,zé’ Bronr asing veptn: 39 "
r-54kf\ f‘@Czé\.. Diameter of casing: /QO mm dia

| . Type of casing: 5'{:66’//
#gf 76 &QI/"’* 04“15- Screens: |

5 ; Type : .
| 76~ 90 ﬁ[‘@wf\ (oA pepth Top: 8.5 m
. ‘ - {a’{/{gg | Depth Bottom: ?O m
| ; ¥ C/{&ﬁly Cement grouted: (/@f m

STATIC WATER:
Static Water Level: //“’Wé’OVe’éme

— ‘ Flov Rate: /-5 - m3p/hr

UNUONUWATEZ AR WE. | 9 I 2ET

WR.No......... W . Pumped with: C
NAME & Arsota . {

TECHNICAL &1 WATER QUALITY: cod |
clsla.:.!.a.-— ) | '
WETEoT P

COMPUTER el

WATER QUAL B4~ & 21

| . 22! 5 : ON GTGS
su 4 3660

.
| ! |
i \

|

- NZGD ID: 81460




NZGD ID: 82369

LITHOLOGY
8
Gy i | 2
Bl | e 2|4t
- S L3 ) L3 glE| =€ |
5% = sz g Gl &z | 8%
& g |z 3 s|8| 8 | &
ai| & |E: ’ B!
§ 3 & B g Reduced lavel of murtice ¥ = | g
® @ L =
B 2E =
i SR Ierdy & AYS
A0 — = f"‘f”
I RERT eE7mBER
¢S+ 1
et GREEN Ty oL AYS
I~ PEART ETIMISER
& -1
I BLcss GREY STy ClTys
S _
- ‘ﬁt{w‘?‘ =717 ?(A'é_/:(’-‘_
2¢s 4 —
CREEN aREY 5Ny S1Ts
2055 = -
o) ; i CREMAISCNE ERAEL +3LT
. L BRo~ 0Oy 375
3— .[ S I N
- Bois GREY m a2y SICTS
_1: = 2919
z4 ¥
- - —
;"2 S I CREVAAACKE CARARNATL 7 SILT FRICED |
=5t CAAE oD o
Pt & * SANE 23 Are. @RAEL
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- - B
el | w
=7 1 ~—+ —s7"F
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NZGD ID: 82369
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