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1 Introduction
Tonkin & Taylor (T+T) was engaged by Greater Wellington Regional Council to carry out geotechnical
investigations at Waterloo Station, Lower Hutt, in accordance with our contract (T+T Ref.
1098196.1000).

The purpose of the investigation was to inform geotechnical conditions for the proposed re-
development of Waterloo station which is to include a new station building, pedestrian bridge and
platforms. It was also to inform geotechnical conditions for the existing subway.

This factual report collates geotechnical data from investigations carried out at the site. Available
historical geotechnical data immediately adjacent the site from the neighbouring Waterloo Water
Treatment Plant is also included for information.

Depths reported are measured from ground surface level current at the time of the investigation,
unless indicated otherwise. Elevations in this report are in NZVD2016 Datum.

2 Geotechnical investigations
Investigation data is attached as set out below. Approximate investigation locations are presented
on Figure A1 in Appendix A.

 Appendix A Figures
 Appendix B Machine boreholes
 Appendix C Cone Penetration Tests
 Appendix D Laboratory Testing
 Appendix E Groundwater monitoring

2.1 Previous Waterloo Water Treatment Plant Investigations

Investigations were carried out by Morrison, Cooper & Partners in 1977, Opus in 2016, WSP in 2020
for the Water Treatment Plant as set out below. Only selected data for investigations immediately
adjacent the Waterloo Station site are included in this report and appendices. Refer WSP’s Factual
Report1 for further details. Where investigation ground levels were originally reported in Wellington
1953 datum, 0.38m has been subtracted to convert to NZVD2016 datum levels.

Morrison, Cooper & Partners, 1977:

 8 No. boreholes (Boring 1 to Boring 8 included).
Opus, 2016:
 3 No. boreholes with SPT testing (BH1 to BH3 included).
 5 No. cone penetration tests (only CPT9 included).
 One groundwater monitoring standpipe installed in borehole BH3. Groundwater level was

measured on 7 occasions between September 2020 and March 2021.
WSP, 2020:
 Geophysical (MASW) survey (excluded).
 4 No. boreholes with SPT testing (only BH101 and BH104 included in this report).
 8 No. cone penetration tests (only CPT101, CPT102, CPT103, CPT109 included).
 Laboratory testing from BH101 and BH104:

1 WSP (17 May 2021) Report for Wellington Water “Waterloo WTP Ground Improvement, Geotechnical Site Investigations
Factual Report”. WSP Ref. 3-WW019.11.
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Appendix A Figures

 Figure A1: Site Investigation Plan





Appendix B Machine boreholes

 Table B1: Summary of borehole investigations

 Borehole logs

Table B1: Summary of boreholes

ID Date
Ground

surface level,
RL (m)

Drill method

Pre-
drill

depth
(m)

Total
depth

(m)

In-situ
testing

Termination
reason

Boring 1 (1) 1977 - - - 11.00 - -

Boring 2 (1) 1977 - - - 15.00 - -

Boring 3 (1) 1977 - - - 11.00 - -

Boring 4 (1) 1977 - - - 13.00 - -

Boring 5 (1) 1977 - - - 5.00 - -

Boring 6 (1) 1977 - - - 5.00 - -

Boring 7 (1) 1977 - - - 5.00 - -

Boring 8 (1) 1977 - - - 5.00 - -

BH1 (2)
19 to

20/10/2016 6
HQ coring +

Wash drilling 2.5 11.95
SPT

-

BH2 (2) 21/10/2016 6 Wash drilling 2.5 7.95 SPT -

BH3 (2) 25/10/2016 6
HQ coring +

Wash drilling 3.0 12.45
SPT

-

BH101 (3)
1 to

2/10/2020 6.31 Sonic 1.5 13.00
SPT Target

depth

BH104 (3)
3 to

7/10/2020 6.17 Sonic 2.5 21.30
SPT Target

depth

BH201 (4)
18 to

19/8/2025 6 Sonic 1.5 9.95 SPT
Target
depth

Note 1) Consultant: Morrison, Cooper & Partners.
Note 2) Consultant: Opus. Contractor: Griffiths Drilling.
Note 3) Consultant: WSP. Contractor: Griffiths Drilling.
Note 4) Consultant: Tonkin + Taylor. Contractor: Webster Drilling & Exploration.
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Vacuum excavation. FILL comprised of sandy GRAVEL, tightly
packed.

SAND; dark grey, loose, moist.

.
Becomes medium dense.

Approximate contact.
Sandy GRAVEL; dark grey, medium dense to dense, moist.

Becomes more sandy, medium dense. Possible sand heave in
sample.

Possible sand heave in sample.

.

Upper 0.14 m of SPT sample is fine gravel wash.
Lower 0.15 m: SAND with minor gravel; dark grey, loose, moist.
Minor zones of brown, organic peat.

.
Sandy SILT with some clay; dark brown, very soft, high plasticity.
Interbedded with lesser beds (5 cm) of SAND with minor gravel;
dark grey.

.
Sandy GRAVEL with minor silt; dark grey, medium dense, moist.

.
Becomes gravelly SAND; dark grey, medium dense, moist,
interbedded with SAND.

Becomes sand with minor gravel and trace silt; dark grey, medium
dense, moist.

.

Sandy GRAVEL; dark grey-brown, dense, moist. Minor iron
staining throughout.
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2.50m - Corase sand, minor white
grains.

3.00m - Large wood fragments.

3.50m - No wood fragments.
Lab: PSD

4.00m - Some wood fragments.

4.50m - Gravel is subrounded, fine
to 4 cm. Wood fragments.

5.00m - Subrounded gravel
fragment, 4 cm.

5.50m - Well rounded gravel, minor
wood fragments.
Lab: PSD

6.00m - Coarse sand. Abundant
wood fragments. Fine gravel,
subangular to subrounded, mostly
<0.5 cm.
6.50m - Sand is coarse. Very fine
gravel.

7.00m - Gravel is mostly fine, up to 2
cm, rounded.

7.50m - Coarse sand, gravel is
mostly fine, <0.5 cm, up to 3 cm,
subrounded to aubangular.
Lab: PSD

8.50m - Coarse sand. Gravel is fine
to 1 cm, subrounded.

9.50m - Gravel is brown, highly
weathered, fine to 3 cm.
Subrounded, some subangular
fragments. Coarse sand.
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Drilling Rig:

Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

20/10/201619/10/2016

Griffiths Drilling PLG Fraste

Project No.:

Location:

6 m

Coordinates:

Ref. Grid:

3-WW016.00

Project:

Client:

R.L.:

Datum:

Depth:  11.95 m

MSL (NZ Geoid 2009)

Waterloo Water Treatment Plant

Wellington Water

Inclination: Vertical

NZTM

SW corner, near train station entrance
Waterloo, Lower Hutt, Wellington

1761046 E 5435759 N

Sheet  1  of  2
Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH1
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Sandy GRAVEL; dark grey-brown, dense, moist. Minor iron
staining throughout.

END OF BOREHOLE AT 11.95m
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10.50m - Gravel is mostly fine,
angular fragments. Well rounded, up
to 2 cm.

S
P

T
 'N

' V
A

L
U

E

C
A

S
IN

G

S
P

T
 B

L
O

W
C

O
U

N
T

S
 O

R
S

H
E

A
R

 V
A

L
U

E

IN
S

T
A

L
L

A
T

IO
N

D
E

T
A

IL
S

G
R

A
P

H
IC

 L
O

G

MAIN DESCRIPTION
/ DETAIL DESCRIPTION C

O
R

E
 T

Y
P

E

T
O

T
A

L
 C

O
R

E
R

E
C

O
V

E
R

Y
 (

%
)

D
R

IL
L

IN
G

M
E

T
H

O
D

D
E

P
T

H
 (

m
)

11

12

13

14

15

16

17

18

19

R
.L

. (
m

)

6

-8

-10

-12

-14

G
E

O
L

O
G

Y

NOTES
/ OTHER TESTSB

A
S

E
 O

F
 H

O
L

E
&

 W
A

T
E

R
 L

E
V

E
L

B
O

R
E

H
O

LE
 S

O
IL

 L
O

G
 A

4 
 3

-W
W

01
6.

00
 W

A
T

E
R

LO
O

 W
A

T
E

R
 T

R
E

A
T

M
E

N
T

 P
LA

N
T

.G
P

J 
 O

P
U

S
20

16
T

E
M

.G
D

T
  

9/
12

/1
6

Drilling Rig:

Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

20/10/201619/10/2016

Griffiths Drilling PLG Fraste

Project No.:

Location:

6 m

Coordinates:

Ref. Grid:

3-WW016.00

Project:

Client:

R.L.:

Datum:

Depth:  11.95 m

MSL (NZ Geoid 2009)

Waterloo Water Treatment Plant

Wellington Water

Inclination: Vertical

NZTM

SW corner, near train station entrance
Waterloo, Lower Hutt, Wellington

1761046 E 5435759 N

Sheet  2  of  2
Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH1
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Vacuum excavation. FILL comprised of sandy GRAVEL, tightly
packed.

Sandy GRAVEL; brown, loose, moist. Low SPT value likely due to
disturbance from  vacuum excavation and wash drilling.

Approximate contact.
SAND with minor gravel; dark grey, medium dense, moist.

SAND with minor to trace gravel, loose.

.
Becomes SAND; dark grey, loose, moist.

Minor gravel throughout.

Some gravel throughout.

.

Becomes SAND; dark grey, loose, moist interbedded with SILT;
dark brown, soft.

Becomes SAND; dark grey, loose, moist.

SILT; dark brown, very soft, moist, high plasticity.

.
Sandy GRAVEL; grey, medium dense, moist, minor silty zones;
light grey-brown, no plasticity.

Becomes dark grey, dense.

END OF BOREHOLE AT 7.95m
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2.50m - Medium sand. Gravel is fine
to 2 cm, subangular, some rounded.

3.00m - Coarse sand. Trace zones
of iron staining. Gravel is fine to 0.5
cm, rounded.

3.50m - Trace wood fragments.
Coarse sand. Gravel is <0.5 cm
subangular.

4.00m - Corase sand. Abundant
wood fragments.

4.50m - Trace wood fragments.

5.00m - More abundant wood
fragments. Gravel is fine to 3 cm.
Well rounded.

6.20m - Abundant wood and organic
material throughout.

6.65m - Some organic fragments
throughout.

7.00m - Coarse sand. Gravel is fine
to 3 cm. Well rounded.

7.50m - Gravel is fine to 3 cm, well
rounded.
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Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

21/10/201621/10/2016

Griffiths Drilling PLG Fraste

Project No.:

Location:

6 m

Coordinates:

Ref. Grid:

3-WW016.00

Project:

Client:

R.L.:

Datum:

Depth:  7.95 m

MSL (NZ Geoid 2009)

Waterloo Water Treatment Plant

Wellington Water

Inclination: Vertical

NZTM

W side, centre of building
Waterloo, Lower Hutt, Wellington

1761072 E 5435780 N

Sheet  1  of  1
Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH2
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Vacuum excavation. FILL comprised of sandy GRAVEL, tightly
packed.

Sandy GRAVEL; grey, medium dense, moist.
.

Clayey SILT with minor gravel; blue-grey, very soft, high plasticity.

.

.
Silty CLAY with minor gravels; dark brown, firm, moist, high
plasticity. Mottled blue-grey silty zones.

Silty SAND; blue grey and brown, loose to medium dense, moist.

Clayey GRAVEL; blue grey, loose to medium dense, moist to wet,
low plasticity. Material too wet to roll.

.

Sandy SILT with minor gravel; dark grey and brown, soft to firm,
moist.

Sandy GRAVEL; grey, medium dense to dense.

Becomes loose.
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3.00m - Coarse sand. Gravel is >3
cm, subangular to subrounded.

6.00m - Very sticky. Gravel is fine,
angular to subangular.

6.80m - Minor organic/wood
fragments.

7.50m - Gravel is fine to 2 cm,
subangular to rounded.

8.00m - Gravel is medium, well
rounded.

9.00m - Fine gravel.
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Drilling Rig:

Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

25/10/201625/10/2016
Borehole drilled over CPT hole to ~ 8 m. Griffiths Drilling PLG Fraste

Project No.:

Location:

6 m

Coordinates:

Ref. Grid:

3-WW016.00

Project:

Client:

R.L.:

Datum:

Depth:  12.45 m

MSL (NZ Geoid 2009)

Waterloo Water Treatment Plant

Wellington Water

Inclination: Vertical

NZTM

SE corner
Waterloo, Lower Hutt, Wellington

1761085 E 5435761 N

Sheet  1  of  2
Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH3
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Becomes medium dense.

.

Silty SAND with some gravel; grey, dense to very dense.

.

Silty CLAY with some gravel; grey, stiff to very stiff.

END OF BOREHOLE AT 12.45m
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11.00m - Gravel becomes more
coarse, subangular. Wood
fragments throughout. Medium
sand.

12.00m - Gravel is coarse, angular
to subangular.
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Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

25/10/201625/10/2016
Borehole drilled over CPT hole to ~ 8 m. Griffiths Drilling PLG Fraste

Project No.:

Location:

6 m

Coordinates:

Ref. Grid:

3-WW016.00

Project:

Client:

R.L.:

Datum:

Depth:  12.45 m

MSL (NZ Geoid 2009)

Waterloo Water Treatment Plant

Wellington Water

Inclination: Vertical

NZTM

SE corner
Waterloo, Lower Hutt, Wellington

1761085 E 5435761 N

Sheet  2  of  2
Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH3

DRILLINGTESTS CORE
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Photo BH101.1
Box 1

Photo BH101.2
Box 2
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Drilling Rig:

Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

2/10/20201/10/2020
1. SPT hammer energy ratio 87%
2. SPT hammer standard deviation 2.9%
3. GWRC Consent No. WGN200182
4. GWRC Borehole No. BQ32/0481
5. D&M: Dames and Moore Sampling
6. Adjacent to CPT103. CPT undertaken by Griffiths.

Griffiths Drilling Ltd. Fraste XL Duo Sonic

Project No.:

Location:

Approx. 6.69 m

Coordinates:

Ref. Grid:

3-WW019.11

Project:

Client:

R.L.:

Datum:

Depth:  13 m

Wellington 1953

Waterloo WTP

Wellington Water Ltd.

Inclination: Vertical

NZTM

Lower Hutt, New Zealand

1761083 E 5435782 N

Sheet  3  of  4
Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH101
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Box 3
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Drilling Rig:

Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

2/10/20201/10/2020
1. SPT hammer energy ratio 87%
2. SPT hammer standard deviation 2.9%
3. GWRC Consent No. WGN200182
4. GWRC Borehole No. BQ32/0481
5. D&M: Dames and Moore Sampling
6. Adjacent to CPT103. CPT undertaken by Griffiths.

Griffiths Drilling Ltd. Fraste XL Duo Sonic

Project No.:

Location:

Approx. 6.69 m

Coordinates:

Ref. Grid:

3-WW019.11

Project:

Client:

R.L.:

Datum:

Depth:  13 m

Wellington 1953

Waterloo WTP

Wellington Water Ltd.

Inclination: Vertical

NZTM

Lower Hutt, New Zealand

1761083 E 5435782 N

Sheet  4  of  4
Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH101
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Photo BH104.1
Box 1

Photo BH104.2
Box 2
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Drilling Rig:

Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

7/09/20203/09/2020
1. Vacuum excavation to 2.5m due to proximity of services.
2. SPT hammer energy ratio 87%
3. SPT hammer standard deviation 2.9%
4. GWRC Consent No. WGN200182
5. GWRC Borehole No. BQ32/0484
6. Coordaintes and elevation are approximate.
7. Adjacent to CPT101.

Griffiths Drilling Ltd. Fraste XL Duo Sonic

Project No.:

Location:

Approx. 6.55 m

Coordinates:

Ref. Grid:

3-WW019.11

Project:

Client:

R.L.:

Datum:

Depth:  21.3 m

Wellington 1953

Waterloo WTP

Wellington Water Ltd.

Inclination: Vertical

NZTM

Lower Hutt, New Zealand

1761064 E 5435769 N

Sheet  4  of  6

Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH104
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Photo BH104.3
Box 3

Photo BH104.4
Box 4
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Drilling Rig:

Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

7/09/20203/09/2020
1. Vacuum excavation to 2.5m due to proximity of services.
2. SPT hammer energy ratio 87%
3. SPT hammer standard deviation 2.9%
4. GWRC Consent No. WGN200182
5. GWRC Borehole No. BQ32/0484
6. Coordaintes and elevation are approximate.
7. Adjacent to CPT101.

Griffiths Drilling Ltd. Fraste XL Duo Sonic

Project No.:

Location:

Approx. 6.55 m

Coordinates:

Ref. Grid:

3-WW019.11

Project:

Client:

R.L.:

Datum:

Depth:  21.3 m

Wellington 1953

Waterloo WTP

Wellington Water Ltd.

Inclination: Vertical

NZTM

Lower Hutt, New Zealand

1761064 E 5435769 N

Sheet  5  of  6

Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH104
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Photo BH104.5
Box 5

Photo BH104.6
Box 6
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Drilling Rig:

Checked by:Logged by:

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

7/09/20203/09/2020
1. Vacuum excavation to 2.5m due to proximity of services.
2. SPT hammer energy ratio 87%
3. SPT hammer standard deviation 2.9%
4. GWRC Consent No. WGN200182
5. GWRC Borehole No. BQ32/0484
6. Coordaintes and elevation are approximate.
7. Adjacent to CPT101.

Griffiths Drilling Ltd. Fraste XL Duo Sonic

Project No.:

Location:

Approx. 6.55 m

Coordinates:

Ref. Grid:

3-WW019.11

Project:

Client:

R.L.:

Datum:

Depth:  21.3 m

Wellington 1953

Waterloo WTP

Wellington Water Ltd.

Inclination: Vertical

NZTM

Lower Hutt, New Zealand

1761064 E 5435769 N

Sheet  6  of  6

Scale 1:50 @ A4

Notes: Started: Finished:

Drilling Co.:

Borehole No. BH104
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CORE PHOTOS
SHEET: 1 OF 5

BOREHOLE No.: BH201

PROJECT:  Waterloo Train Station LOCATION: Waterloo JOB No.:  1098196.1000.01

CO-ORDINATES:  5435650 mN
1760959 mE(NZTM2000)

R.L.: 6m

DATUM: NZVD2016

METHOD:  Sonic core drilling

DRILL TYPE:  WD-SD100 Heliport SONIC

DRILLED BY:  Webster Drilling

CHECKED:  NCPLOGGED BY:  

HOLE FINISHED:  19/08/2025

HOLE STARTED: 18/08/2025

0.00-1.50m: HVAC

1.40-2.80m

s7(2)(a)
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CORE PHOTOS
SHEET: 2 OF 5

BOREHOLE No.: BH201

PROJECT:  Waterloo Train Station LOCATION: Waterloo JOB No.:  1098196.1000.01

CO-ORDINATES:  5435650 mN
1760959 mE(NZTM2000)

R.L.: 6m

DATUM: NZVD2016

METHOD:  Sonic core drilling

DRILL TYPE:  WD-SD100 Heliport SONIC

DRILLED BY:  Webster Drilling

CHECKED:  NCPLOGGED BY:  

HOLE FINISHED:  19/08/2025

HOLE STARTED: 18/08/2025

2.80-4.10m

4.10-5.50m

s7(2)(a)
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CORE PHOTOS
SHEET: 3 OF 5

BOREHOLE No.: BH201

PROJECT:  Waterloo Train Station LOCATION: Waterloo JOB No.:  1098196.1000.01

CO-ORDINATES:  5435650 mN
1760959 mE(NZTM2000)

R.L.: 6m

DATUM: NZVD2016

METHOD:  Sonic core drilling

DRILL TYPE:  WD-SD100 Heliport SONIC

DRILLED BY:  Webster Drilling

CHECKED:  NCPLOGGED BY:  

HOLE FINISHED:  19/08/2025

HOLE STARTED: 18/08/2025

5.50-7.60m

7.60-9.00m

s7(2)(a)
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CORE PHOTOS
SHEET: 4 OF 5

BOREHOLE No.: BH201

PROJECT:  Waterloo Train Station LOCATION: Waterloo JOB No.:  1098196.1000.01

CO-ORDINATES:  5435650 mN
1760959 mE(NZTM2000)

R.L.: 6m

DATUM: NZVD2016

METHOD:  Sonic core drilling

DRILL TYPE:  WD-SD100 Heliport SONIC

DRILLED BY:  Webster Drilling

CHECKED:  NCPLOGGED BY:  

HOLE FINISHED:  19/08/2025

HOLE STARTED: 18/08/2025

9.00-9.50m

2.00-6.00m

s7(2)(a)
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CORE PHOTOS
SHEET: 5 OF 5

BOREHOLE No.: BH201

PROJECT:  Waterloo Train Station LOCATION: Waterloo JOB No.:  1098196.1000.01

CO-ORDINATES:  5435650 mN
1760959 mE(NZTM2000)

R.L.: 6m

DATUM: NZVD2016

METHOD:  Sonic core drilling

DRILL TYPE:  WD-SD100 Heliport SONIC

DRILLED BY:  Webster Drilling

CHECKED:  NCPLOGGED BY:  

HOLE FINISHED:  19/08/2025

HOLE STARTED: 18/08/2025

6.00-9.50m

s7(2)(a)



Appendix C Cone Penetration Tests

 Table C1: Summary of CPT investigations

 CPT logs

Table C1: Summary of CPTs

ID Date Ground surface level,
RL (m)

Pre-drill depth
(m)

Total depth
(m)

Termination
reason

CPT9 (1) 19/10/2016 - 3.36 7.26 Refusal

CPT101 (2) 6/10/2020 6.19 1.5 8.41 Target depth

CPT102 (2) 14/9/2020 6.21 1.5 7.54 Refusal

CPT103 (2) 14/9/2020 6.31 1.5 8.99 Refusal

CPT109 (3) 15/9/2020 3.92 - 5.09 Refusal

CPT201 (4) 20/8/2025 6 1.5 10.00 Target depth

CPT202 (4) 20/8/2025 6 1.5 10.00 Target depth

CPT203 (4) 22/8/2025 6 1.5 5.75 Refusal

CPT204 (4) 22/8/2025 6 1.5 10.00 Target depth

CPT205 (4) 20/8/2025 7 1.5 10.00 Target depth

CPT206B (4) 22/8/2025 7 1.7 6.50 Refusal

CPT207 (4) 21/8/2025 7 1.5 10.00 Target depth

CPT208 (4) 22/8/2025 6 1.5 10.00 Target depth

CPT209 (4) 19/8/2025 6 1.5 10.00 Target depth

CPT210 (4) 13/8/2025 6 1.5 10.00 Target depth
Note 1) Consultant: Opus. Contractor: Griffiths Drilling.
Note 2) Consultant: WSP. Contractor: Griffiths Drilling.
Note 3) Consultant: WSP. Contractor: Ground Investigation.
Note 4) Consultant: Tonkin + Taylor. Contractor: Webster Drilling & Exploration using Pagani tracked rig (ballasted 15T).
Cone area (10 cm2). Cone tip net area ratio = 0.78.















Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 20/08/2025 12:02:48 pm

Site: Waterloo Station - Test: CPT201

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA: 

E-Mail: @websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT201

Location: CPT201

Date: 20/08/2025 12:02:48 pm

Prehole mode: 

Prehole depth [cm]: 0

Hydrostatic line [cm]: 0

Ground level [cm]: 0

Latitude: -41.214404

Longitude: 174.921722

Operator: 

Comments: Jet Vac to 1.5m

Probe code: Mks680

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 1 / 28

s7(2)(a)

s7(2)(a)



Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 20/08/2025 12:02:48 pm

Site: Waterloo Station - Test: CPT201
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 20/08/2025 12:02:48 pm

Site: Waterloo Station - Test: CPT201
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 20/08/2025 12:02:51 pm

Site: Waterloo Station - Test: CPT202

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA:

E-Mail: @websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT202

Location: CPT202

Date: 20/08/2025 12:02:51 pm

Prehole mode: 

Prehole depth [cm]: 0

Hydrostatic line [cm]: 0

Ground level [cm]: 0

Latitude: -41.214282

Longitude: 174.921484

Operator: 

Comments: Jet Vac 1.5m

Probe code: Mks680

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 1 / 28
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 20/08/2025 12:02:51 pm

Site: Waterloo Station - Test: CPT202
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 20/08/2025 12:02:51 pm

Site: Waterloo Station - Test: CPT202
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 22/08/2025 12:14:24 pm

Site: Waterloo Station - Test: CPT203

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA:

E-Mail: h websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT203

Location: CPT203

Date: 22/08/2025 12:14:24 pm

Prehole mode: 

Prehole depth [cm]: 0

Hydrostatic line [cm]: 0

Ground level [cm]: 0

Latitude: -41.214906

Longitude: 174.919885

Operator: 

Comments: Jet Vac to 1.5m

Probe code: Mks680

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 1 / 18
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 22/08/2025 12:14:24 pm

Site: Waterloo Station - Test: CPT203
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 22/08/2025 12:14:24 pm

Site: Waterloo Station - Test: CPT203
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 22/08/2025 12:03:44 pm

Site: Waterloo Station - Test: CPT204

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA: 

E-Mail: @websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT204

Location: CPT204

Date: 22/08/2025 12:03:44 pm

Prehole mode: 

Prehole depth [cm]: 0

Hydrostatic line [cm]: 0

Ground level [cm]: 0

Latitude: -41.214610

Longitude: 174.920303

Operator: 

Comments: Jet Vac to 1.5m

Probe code: Mks680

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 1 / 28
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 22/08/2025 12:03:44 pm

Site: Waterloo Station - Test: CPT204
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 22/08/2025 12:03:44 pm

Site: Waterloo Station - Test: CPT204

5

5.25

5.5

5.75

6

6.25

6.5

6.75

7

7.25

7.5

7.75

8

8.25

8.5

8.75

9

9.25

9.5

9.75

10

Qc     [MPa]

0 10 20 30 40 50 60 70 80 90 10
0

Fs     [KPa]

0 10
0

20
0

30
0

40
0

50
0

60
0

70
0

80
0

90
0

10
00

U2     [KPa]

-5
00

-2
50

0 25
0

50
0

75
0

10
00

12
50

15
00

17
50

20
00

22
50

25
00

Rf     [%]

0 1.
4

2.
8

4.
2

5.
6

7 8.
4

9.
8

11
.2

12
.6

14

Tilt     [°]

0 2 4 6 8 10 12 14 16 18 20

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 28 / 28



Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 20/08/2025 12:20:26 pm

Site: Waterloo Station - Test: CPT205

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA: 

E-Mail: @websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT205

Location: CPT205

Date: 20/08/2025 12:20:26 pm

Prehole mode: 

Prehole depth [cm]: 0

Hydrostatic line [cm]: 0

Ground level [cm]: 0

Latitude: -41.214226

Longitude: 174.920917

Operator: 

Comments: Jet Vac to 1.5m

Probe code: Mks680

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 1 / 28
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 20/08/2025 12:20:26 pm

Site: Waterloo Station - Test: CPT205
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 20/08/2025 12:20:26 pm

Site: Waterloo Station - Test: CPT205
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 21/08/2025 12:17:08 pm

Site: Waterloo Station - Test: CPT206B

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA:

E-Mail: @websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT206B

Location: CPT206B

Date: 21/08/2025 12:17:08 pm

Prehole mode: 

Prehole depth [cm]: 0

Hydrostatic line [cm]: 0

Ground level [cm]: 0

Latitude: -41.213966

Longitude: 174.921474

Operator: 

Comments: Jet Vac to 1.5m

Probe code: Mks680

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 1 / 20
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 21/08/2025 12:17:08 pm

Site: Waterloo Station - Test: CPT206B
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 21/08/2025 12:17:08 pm

Site: Waterloo Station - Test: CPT206B
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 21/08/2025 12:33:53 pm

Site: Waterloo Station - Test: CPT207

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA:

E-Mail: @websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT207

Location: CPT207

Date: 21/08/2025 12:33:53 pm 

Prehole mode: 

Prehole depth [cm]: 0 

Hydrostatic line [cm]: 0 

Ground level [cm]: 0 

Latitude: -41.213961

Longitude: 174.921443

Operator:  Comments: 

Jet Vac & to 1.5m Probe code: 

Mks680

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 1 / 28
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 21/08/2025 12:33:53 pm

Site: Waterloo Station - Test: CPT207
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 21/08/2025 12:33:53 pm

Site: Waterloo Station - Test: CPT207
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 1/01/2006 12:00:21 pm

Site: Waterloo Station - Test: CPT208

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA: 

E-Mail: @websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT208

Location: CPT208

Date: 1/01/2006 12:00:21 pm

Prehole mode: 

Prehole depth [cm]: 0

Hydrostatic line [cm]: 0

Ground level [cm]: 0

Latitude: -41.214440

Longitude: 174.920669

Operator: 

Comments: Jet Vac to 1.5m

Probe code: Mks680

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 1 / 28
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 1/01/2006 12:00:21 pm

Site: Waterloo Station - Test: CPT208
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 1/01/2006 12:00:21 pm

Site: Waterloo Station - Test: CPT208
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 19/08/2025 12:02:00 pm

Site: Waterloo Station - Test: CPT209

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA: 

E-Mail: @websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT209

Location: CPT209

Date: 19/08/2025 12:02:00 pm

Prehole mode: 

Prehole depth [cm]: 0

Hydrostatic line [cm]: 0

Ground level [cm]: 0

Latitude: -41.214208

Longitude: 174.920433

Operator: 

Comments: Jet Vac to 1.5m

Probe code: Mks680

CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 1 / 29
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 19/08/2025 12:02:00 pm

Site: Waterloo Station - Test: CPT209
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 19/08/2025 12:02:00 pm

Site: Waterloo Station - Test: CPT209
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Webster Drilling & Exploration Ltd

Cone Penetration Test (CPTU) - Date: 13/08/2025 12:13:39 pm

Site: Waterloo Station - Test: CPT210

Company information
Name: Webster Drilling & Exploration Ltd

Address: 10 Raiha Street 

Zip code: 5024

City: Porirua

P.IVA: 

E-Mail: @websterdrilling.com

Phone number: 042375264

Fax number: 

Site information
Name: Waterloo Station

Date: 27/08/2025

Commissioner: Tonkin & Taylor

Locality: Wellington

Test information
Name: CPT210

Location: CPT210

Date: 13/08/2025 12:13:39 pm

Prehole mode: 

Prehole depth [cm]: 0

Hydrostatic line [cm]: 0

Ground level [cm]: 0

Latitude: -41.213957

Longitude: 174.920602

Operator: 

Comments: Jet Vac to 1.5m

Probe code: Mks680
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Appendix D Laboratory tests

 Table D1: Summary of cyclic triaxial test results

 Table D2: Summary of particle size distribution test results

 Table D3: Summary of Atterberg limits test results

 Laboratory Test Reports

Table E1: Summary of cyclic triaxial test results

Borehole Depth (m) Initial
unit

weight
(kN/m3)

Effective
consolidation
pressure (kPa)

Initial
water

content
(%)

Final
water

content
(%)

Target
CSR

Cyclic
axial

stress
at CSR
(kPa)

No. of
cycles
to 5%

DA
axial
strain

No. of
cycles
to Ucyc

/ ’30 =
0.95

BH101 3.0 to 3.45 19.1 50 27.5 26.8 0.67 67 2 (1) NA

BH101 3.0 to 3.45 19.2 50 25.2 23.9 0.37 37 20 (2) NA

BH101 3.65 to 4.1 19.7 55 23 22.8 0.47 51.7 9 (3) 6

BH101 3.65 to 4.1 19.7 55 24.3 23.4 0.26 28.6 NA NA
Note 1) After liquefaction was observed (εDA = 5%), the specimen was subjected to strain-controlled monotonic load to
about 5% axial strain at rate of 0.01 mm/sec.
Note 2) The specimen reached 5% double amplitude axial stain after 20 cycles of loading. The cyclic test was terminated
after 30 cycles of loading. After cyclic test, the specimen was subjected to strain-controlled monotonic load to failure (i.e.
large deformation) at rate of 0.01 mm/sec.
Note 3) The specimen reached 5% double amplitude axial stain after 9 cycles of loading. The cyclic test was terminated
after about 12 cycles of loading. After the cyclic test, the specimen was subjected to strain-controlled monotonic load to
failure (i.e., large deformation) at a rate of 0.01 mm/sec. In order to overcome the problem of different starting points for
post-cyclic monotonic loading, the initial height of the specimen before cyclic loading was considered as the basis for
calculating the axial strain for data processing; i.e., zero (0%) axial strain correlated with the initial height of the specimen
before cyclic loading; a negative axial strain as a starting point had the post-cyclic monotonic loading start when the
specimen was in extension condition.
Note 4) The cyclic test was performed for about 21 cycles. After the cyclic test, the specimen was subjected to strain-
controlled monotonic load to failure (i.e., large deformation) at a rate of 0.01 mm/sec. This was done to understand
residual strength following dynamic loading but without triggering cyclic softening.



Table E2: Summary of particle size distribution test results

Borehole Depth
(m)

Sample
description

Water
content

(%)

Cobbles
(>63mm)

Gravel
(2mm to
63mm)

Sand
(63micron
to 2mm)

Fines
(<75micron)

Fines
(<63micron)

BH104 8.5 to
9.0

Sand 23.5 - 14 70 18 16

BH101 3.0 to
3.45

Clayey SILT
with minor

sand

23.9 0 0 6 95 94

BH101 3.0 to
3.45

Clayey SILT
with minor

sand

19.9 0 0 9 94 91

BH101 3.0 to
3.45A

Clayey SILT
with trace

sand

20.3 0 0 8 95 92

BH101 3.65
to

4.1B

Clayey SILT
with minor

sand

22.6 0 0 10 93 90

BH101 7.5 to
8.0

Sandy SILT 38 0 0 34 71 66

Table E3: Summary of Atterberg limits testing results (1)

Borehole Depth (m) Sample
description

Soil fraction
tested

Liquid Limit Plastic Limit Plasticity
Index

BH101 3.0 to 3.45 (A) Clayey SILT,
minor sand

-425micron 29 19 10

BH101 3.0 to 3.45 (B) Clayey SILT,
minor sand

-425micron 24 18 6

BH101 3.65 to 4.1 (A) Clayey SILT,
trace sand

-425micron 24 18 6

BH101 3.65 to 4.1 (B) Clayey SILT,
minor sand

-425micron 26 20 6

Note 1) Testing not accredited due to samples being oven dried prior to testing. Water content not included in report dee
to rewetting of samples.





























































































Appendix E Groundwater monitoring

 Table E1: Summary of groundwater level measurements during drilling

 Table E2: Summary of standpipe piezometers and groundwater level measurements

 Figures E1 and E2: BH201 Continuous groundwater monitoring data

Table E1: Summary of groundwater level measurements during drilling

ID
Ground level,

RL (m) Date / Time
Groundwater level measurements

Depth (m)
Elevation, RL

(m)

BH3 6 26/10/2016 2.5 (base of hole at 12.45m) 3.5

BH101 6.31 2/10/2020 1.7 (base of hole at 4.75m) 4.61

BH104 6.17

3/9/2020
4/9/2020
7/9/2020

0.0 (base of hole at 12m)
2.5 (base of hole at 12m)

2.3 (base of hole at 21.3m)

6.17
3.67
3.87

BH201 6
18/8/2025 4pm
19/8/2025 8am

2.1
2.0

3.9
4.0

CPT201 6
20/8/2025 7pm
20/8/2025 9pm

1.40 (before CPT)
Hole collapse – no reading (after CPT)

4.6
-

CPT202 6 20/8/2025 10pm 1.25 (after CPT) 4.75

CPT203 6
22/8/2025 7pm
22/8/2025 8pm

1.25 (before CPT)
0.93 (after CPT)

4.75
5.07

CPT204 6 22/8/2025 7pm Hole collapse - no reading (after CPT) -

CPT205 7
21/8/2025 2am
21/8/2025 3am

2.0 (before CPT)
Hole collapse - no reading (after CPT)

5.0
-

CPT206B 7 22/8/2025 2am Hole collapse - no reading (after CPT) -

CPT207 7
22/8/2025 4am Hole collapse @ 2.5m, no water

encountered (after CPT)
-

CPT208 6 21/8/2025 11pm Hole collapse - no reading (after CPT) -

CPT209 6 19/8/2025 1.6 4.4

CPT210 6 19/8/2025 1.6 4.4



Table E2: Summary of standpipes and groundwater level measurements

ID
Ground
level, RL

(m)

Screened RL
(m) Slotted unit

Date of
measurements

Groundwater level measurements

Depth (m)
Elevation, RL

(m)

BH3 6 -2 to -6

Marine and
Alluvial

Deposits

4/9/2020
9/9/2020

16/9/2020
30/9/2020
9/10/2020
23/2/2021
15/3/2021

1.9
1.6
1.5
1

1.27
2.45
5.5

4.10
4.40
4.50
5.00
4.73
3.55
0.50

BH101 6.31 -5.81 to -4.81
Waiwhetu

Gravels
9/10/2020
23/2/2021

1.95
3.05

4.36
3.26

BH104 6.17 -1.45 to +2.55
Taita

Alluvium

9/9/2020
16/9/2020
30/9/2020
9/10/2020
23/2/2021
15/3/2021

2.1
1.91
1.6

1.82
2.8
2.7

4.07
4.26
4.57
4.35
3.37
3.47

BH201 6 +0.2 to +5

Melling
Peat / Taita

Alluvium

21/8/2025 12am
21/8/2025 to

26/9/25

2.15
Refer Figure E1

High: 1.27
Low: 2.22

Average: 1.71

3.85
Refer Figure E2

High: 4.73
Low: 3.78

Average: 4.29










