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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 Al 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
Report! 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:

1WSP (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

o Figure Al: Site Investigation Plan
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Appendix B

Machine boreholes

o Table B1: Summary of borehole investigations

) Borehole logs

TableB1: Summary of boreholes
Ground er?II Total In-situ | Termination
ID Date surface level, | Drill method d depth .
epth testing reason
RL (m) (m)
(m)
Boring 1@ 1977 - - - 11.00 - -
Boring 2 ® 1977 - - - 15.00 - -
Boring 3@ 1977 - - - 11.00 - -
Boring 4 @ 1977 - - - 13.00 - -
Boring 5@ 1977 - - - 5.00 - -
Boring 6 @ 1977 - - - 5.00 - -
Boring 7 ® 1977 - - - 5.00 - -
Boring 8 1977 - - - 5.00 - -
19to HQ coring + SPT
BH1®@ 20/10/2016 6 Wash drilling 2.5 11.95 -
BH2 @ 21/10/2016 6 Wash drilling 2.5 7.95 SPT -
HQ coring + SPT
BH3 @ 25/10/2016 6 Wash drilling 3.0 12.45 -
1to Sonic SPT Target
BH101 © 2/10/2020 6.31 15 13.00 depth
3to Sonic SPT Target
BH104 © 7/10/2020 6.17 2.5 21.30 depth
18 to Sonic Target
BH201 @ 19/8/2025 6 15 9.95 SPT 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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OPUS Borehole No. BH1

BOREHOLE SOIL LOG A4 3-WW016.00 WATERLOO WATER TREATMENT PLANT.GPJ OPUS2016 TEM.GDT 9/12/16

Project: Waterloo Water Treatment Plant Coordinates: 1761046 E 5435759 N
Client: Wellington Water Ref. Grid: NZTM Depth: 11.95 m
Project No.: 3-WW016.00 RL.: 6m Inclination: Vertical
Location: ~ SW corner, near train station entrance Datum: MSL (NZ Geoid 2009)
Waterloo, Lower Hutt, Wellington
TESTS CORE | DRILLING
2 |ul ud z
w w 9 1=
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8 MAIN DESCRIPTION i & é - - 8 w Dot =0 EI B2 ez NOTES 17 E
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SAND; dark grey, loose, moist. _ | 2.50m - Corase sand, minor white
_ 21/ sPT| 56 grains.
] [ onnre 05
N \
— 3 NHQA O 4
| | 3.00m - Large wood fragments.
| 1 -
1 } 1222 |SPT| 82 B
- Q
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Becomes medium dense. - } 3/3//:/5 " sPT| 78 Lab: PSD é
2 1.
[ 4i‘ } Q1004 4.00m - Some wood fragments.
_ 31/
B | 2mem  [SPT| 84
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Sandy GRAVEL; dark grey, medium dense to dense, moist. _ | o1 NHQA1004 4.50m - Gravel is subrounded, fine
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] } aeigr |SPT| 67| 2 9 —
| 5 f—
— —] Qo —
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Qo Q ‘ \@/LO/ 5.50 Well 1. mil —
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dogp 0 | 5/5/413 Lab: PSD — 18
| 0 =0 \ o
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170 ‘ 10/9/9/9 Subrounded, some subangular
-4 e o | fragments. Coarse sand. m
Notes: Started: 19/10/2016 Finished: 20/10/2016
Drilling Co.:  Giriffiths Drilling Drilling Rig: PLG Fraste
Logged by: - IR Checked by: NI
Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols. Sheet 1 of 2
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BOREHOLE SOIL LOG A4 3-WW016.00 WATERLOO WATER TREATMENT PLANT.GPJ OPUS2016 TEM.GDT 9/12/16

OPUS

Borehole No. BH1

Project: Waterloo Water Treatment Plant Coordinates: 1761046 E 5435759 N
Client: Wellington Water Ref. Grid: NZTM Depth: 11.95 m
Project No.: 3-WW016.00 RL.: 6m Inclination: Vertical
Location: ~ SW corner, near train station entrance Datum: MSL (NZ Geoid 2009)
Waterloo, Lower Hutt, Wellington
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Scale 1:50 @ A4

Drilling Co.:  Giriffiths Drilling

Logged by IR

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

Drilling Rig: PLG Fraste

Checked by: ENIEAIE

Sheet 2 of 2




OPUS Borehole No. BH2

BOREHOLE SOIL LOG A4 3-WW016.00 WATERLOO WATER TREATMENT PLANT.GPJ OPUS2016 TEM.GDT 9/12/16

Project: Waterloo Water Treatment Plant Coordinates: 1761072 E 5435780 N
Client: Wellington Water Ref. Grid: NZTM Depth: 7.95 m
Project No.: 3-WW016.00 RL.: 6m Inclination: Vertical
Location: W side, centre of building Datum: MSL (NZ Geoid 2009)
Waterloo, Lower Hutt, Wellington
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Drilling Co.:  Giriffiths Drilling Drilling Rig: PLG Fraste
Logged by: - ENEAIENNN Checked by: NG
Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols. Sheet 1 of 1
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OPUS Borehole No. BH3

BOREHOLE SOIL LOG A4 3-WW016.00 WATERLOO WATER TREATMENT PLANT.GPJ OPUS2016 TEM.GDT 9/12/16

Project: Waterloo Water Treatment Plant Coordinates: 1761085 E 5435761 N
Client: Wellington Water Ref. Grid: NZTM Depth: 12.45 m
Project No.: 3-WW016.00 RL.: 6m Inclination: Vertical
Location: ~ SE corner Datum: MSL (NZ Geoid 2009)
Waterloo, Lower Hutt, Wellington
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—o o
D=0 |
=0 0 |
1o o o ‘ OD
10=0 ‘
0 0
= 170
0<% } »
=0 0
"o o o ‘
—° &% | VE| 0 IS
o Vo) 0 [
1% %] |
= 2o 0 .
"o o |
1.0 < 0 ‘ E
1o Q
1209 | E &
0o 0 ‘
—0 0 0 |
5] 0="0] | S
Sandy GRAVEL; grey, medium dense, moist. |0 0 | 3.00m - Coarse sand. Gravel is >3
. — | cm, subangular to subrounded. OQ
] | =
| | <
i @
] ! HQ | 10
] ‘ IS
2 4 \ )
o | S 05
] | z
Clayey SILT with minor gravel; blue-grey, very soft, high plasticity. | X | % %
x—x ] | £
X | g
[ 5i | g OO
7 ‘ HQ| 27 | P
] \ 2
7 ! = i
] |
= »
,,,,,,,,,,,,,,,,,,,,,, |0 sV N | g
e T T 6% =] ‘ * 6.00m - Very sticky. Gravel is fine, i
8 | Silty CLAY with minor gravels; dark brown, firm, moist, high X angular to subangular.
% plasticity. Mottled blue-grey silty zones. ,ng—if |
9 TR T X T | OD
[} S —
> ] = |
2 x| HQ | 90
é Silty SAND; blue grey and brown, loose to medium dense, moist. | ] | 6.80m - Minor organic/wood OQ
— f ts.
% Clayey GRAVEL; blue grey, loose to medium dense, moist to wet, 7 X ‘ ragments
) low plasticity. Material too wet to roll. | | 5
£ =g | 5
o] - o)
= ~ =
Sant{y SILT with minor gravel; dark grey and brown, soft to firm, X « ><‘ } 7.50m - Gravel is fine to 2 cm, §
moist. I % ‘ Hal o subangular to rounded. é
Sandy GRAVEL; grey, medium dense to dense. e
-2 8] g o 0 | | |
10 ) 0 [ 8.00m - Gravel is medium, well —]
= 7/ rounded. —
00301 apnros  |SPT| 89 —
-0 0 | j—
] \ HQ| 0 — e
] | — |k
Becomes loose. B o —° ° ‘ 9.00m - Fine gravel. — E
012=0 | 211 —13
o o 0 7 | 1123 SPT| 100 E )
o o j—
— \ —
- ‘ —
] [ HQ| 0 —
4 | j—
Notes: Started: 25/10/2016 Finished: 25/10/2016
Borehole driled over CPT hole to ~ 8 m. Drilling Co.:  Griffiths Drilling Driling Rig: PLG Fraste
Logged by: - IR Checked by: ENIEAEHN
Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols. Sheet 1 of 2

Scale 1:50 @ A4




OPUS Borehole No. BH3

BOREHOLE SOIL LOG A4 3-WW016.00 WATERLOO WATER TREATMENT PLANT.GPJ OPUS2016 TEM.GDT 9/12/16

Project: Waterloo Water Treatment Plant Coordinates: 1761085 E 5435761 N
Client: Wellington Water Ref. Grid: NZTM Depth: 12.45 m
Project No.: 3-WW016.00 RL.: 6m Inclination: Vertical
Location: ~ SE corner Datum: MSL (NZ Geoid 2009)
Waterloo, Lower Hutt, Wellington
TESTS CORE | DRILLING
(O] ‘ - w d %
] w | u X 4> =
—_ | =] v w om =
) E| o |3 =363 &8zl T So
o = T >| Qw2 = |ouwlza w =24
5 EE & |2, 2% |u 23352 2|28 23
] MAIN DESCRIPTION 38 8 |£! g3 |z EgEEla 8s NOTES bk
o | DETAIL DESCRIPTION ¢ a o e %385 SICBEE S 5% | OTHER TESTS F4=)
Becomes medium dense. _lo [9) i —
172wl 8 sPT| 75 | —
100 0 | 557 £ —
Q :O ° ‘ (g‘ E
= i p—
2 ] | Ha| o | 8 e
@ - | © —] g
e I VAN 2 = 1x
-‘;“ Silty SAND with some gravel; grey, dense to very dense. % | o 11.00m - Gravel becomes more f— 2
2 — X 49 | 38// SPT| 89 < coarse, subangular. Wood — Ke}
= - 15/12/10/12 ; i —] 0
<< « . | g fragments throughout. Medium j—
T B 2 sand. p—
@ ] | > S—
o n \ s f—
k= ] Ha| o | £ —
& _ | o — —
= L6 LN N — |5
Silty CLAY with some gravel; grey, stiff to very stiff. —4°0 5% ‘ o g 12.00m - Gravel is coarse, angular e
Jo o 0 ) 30 ‘ 7160819 SPT| 89 | T to subangular. .:é
—o o c
END OF BOREHOLE AT 12.45m — 1 SWL o
n 2.50m
B \ 26/10
- 13 }
7 \
] \
] \
] |
7 \
8 14-] \
7 \
- \
] \
- \
] \
- \
— 15i ‘
- \
] \
— \
B \
m |
1046 B }
] |
7 \
] \
7 \
- \
— 17i |
- |
7 \
— \
B \
- \
1218 |
B \
- \
B \
B \
] \
— 194 \
] \
B \
] |
7 \
- \
14 |
Notes: Started: 25/10/2016 Finished: 25/10/2016
Borehole driled over CPT hole to ~ 8 m. Drilling Co.:  Griffiths Drilling Driling Rig: PLG Fraste
Logged vy:  ENCAICHIEE Checked by: TG
Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols. Sheet 2 of 2
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BOREHOLE SOIL/CPT LOG A4 - WSP 3-WW019.11 WATERLOO WTP.GPJ WSP-OPUS2018_TEM.GDT 13/10/20

\\\I)

Borehole No. BH101

Project: Waterloo WTP Coordinates: 1761083 E 5435782 N
Client: Wellington Water Ltd. Ref. Grid: NZTM Depth: 13 m
Project No.:  3-WW019.11 RL: Approx. 6.69 m Inclination: Vertical
Location:  Lower Hutt, New Zealand Datum: Wellington 1953
TESTS CORE | DRILLING
o I | y = z
o w | w I3
— 2 w E
% CPT103 El o |31 283 x> o <,
8 | END RESISTANCE Ex| £ |21 8p2 8diggl o |5 ¥
3 (MPa) SE| & || 3% 43|32/ 2 | =
3 MAIN DESCRIPTION g g Elop38 |BESEE| 3 |3 NOTES bk
p 1 20 3 / DETAIL DESCRIPTION € a ! %85 |8 |CH|E2|3 |ds| /OTHERTESTS Zo
Vacuum excavation, no core recovery. ] i l z
_ e
] | o M
- 3
] | |
| 6 I "
] | VE
] I
1_
- I
= ] |
i - |
|~ Sandy GRAVEL with some silt, orange; loose, | | 1.50-2.65m - Gravel is
4 wet — gl M lspT|100 coarse, highly
| Re2 weathered, subangular.
2 |
6 | 4
| 211211 SPT| 33
P |
e N 4 I )
Lost core. — | Boni¢ 30
I
|~ D&M, disturbed Sample not observed. ~ | 3 | 3.00-3.45m - D&M
| D&M 98 sample, 10bar
| maximum pressure.
| Clayey SILT, grey, moist, very soft, high | i 3
plasticity. | 5onig 100 §
— | 2 3.65-4.10m - D&M
| aM 98 :9 sample, 5bar maximum
4 | o pressure.
Brown streaks. | [Sonig¢ 100 E
! é 4.30-4.75m - D&M
| D&M 99 e sample, 15bar
| 2 | 2| g maximum pressure. -
With trace gravel from backfill used for vacuum | bonid 100 S | ® [swi| 4.754.95m - Gravelis N
excavation. 5 | © | & [1.7mn) medium, highly )
| 8 | 8 |210| weathered, angular, &
| D&M 98 | © [ 7 orange. ‘A E
E | § 2 4.955.40m - D&M 1E
= @ i @
. . 8 sample, 8bar maximum o
5 | Sonig¢ 100 S pressure. R
< - I 3 560-6.05m - D&M
£ I D&M 100 3 sample, 9bar maximum
= 6 | o pressure.
With trace gravel, blue brownish grey. | Sonid 100 6.05-6.25m - Gravel is
I~ D&M, distirbed sampié not observed. — | : rpin o
> D&M 100 weathered, angular.
% o 0 | 6.25-6.70m - D&M
\ Silty SAND, dark grey, very loose, moist, wood | sample, 20bar
fragments. | maximum pressure.
L 7 | — 6.70-8.65m -
_________________ | y Transitional.zone .
Sandy SILT, greyish brown, moist, stiff, 3 o |SPT[100 between Taita Alluvium
nonplastic, organics. | and Petone Marine
| Beds.
L I
I
| Silty SAND, greyish brown, moist, loose, | 8 | _—
organics. |
61 4omy  |SPT|100
L |
L~ > |
] ( |~ Sandy GRAVEL, biuish grey, medium dense fo- 12 I 8.65-11.00m - Gravel is
3 T~ dense, moist. | fine to coarse,
2 ™~ | - moderately to highly
8 | weathered, subrounded
£ 7, oo |SPT| 75 to subangular.
= I
- |
S -
K |
|
Notes: Started: 1/10/2020 Finished: 2/10/2020
1. SPT hammer energy ratio 87% - . . - - . .
2 SPT hammer standard deviation 2.9% Drilling Co.:  Griffiths Drilling Ltd.  Drilling Rig:  Fraste XL Duo Sonic

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.

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

Scale 1:50 @ A4

Logged by: - EHNESICHI

Checked by: EIEEIEN
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WS I ) Borehole No. BH101

BOREHOLE SOIL/CPT LOG A4 - WSP 3-WW019.11 WATERLOO WTP.GPJ WSP-OPUS2018_TEM.GDT 13/10/20

Project: Waterloo WTP Coordinates: 1761083 E 5435782 N
Client: Wellington Water Ltd. Ref. Grid: NZTM Depth: 13 m
Project No.:  3-WW019.11 RL: Approx. 6.69 m Inclination: Vertical
Location:  Lower Hutt, New Zealand Datum: Wellington 1953
TESTS CORE | DRILLING
8 |u g | [u2 5
w w 2 S
> CPT103 £l o |3 : g3 |w (2> oy B
8 | END RESISTANCE g3l 2|5 §§§ 7 8€(2a| o | b 39
= (MPa) SE| 2 |z, az% 3352 2 oF =3
o MAIN DESCRIPTION JBl 3 |k F35 |E|E312E| 5 |8s NOTES bh
8p 10 2 3B / DETAIL DESCRIPTION € a ! %85 |8 |CH|E2|3 |ds| /OTHERTESTS Zo
gandy GRA\{I{EL, bluish grey, medium dense to _Oa ;0 0 i . o ;.
lense, moist.(continued) - .
:: '34 % gepy  [SPT| 85 g
- '00 E3 ,ﬂ | N 2
4 9y |
- | )
B " Saiidy GRAVEL biown, ey derse wel — | 1 foa '30‘ | e me 11.00-13.00m - Gravel 2
—00’ 04 50+ | 6/13/17/14 |SPT|100| = is coarse, moderately to ,5_,
1. & for 30mm K highly weathered,
7] :90 odo I g subangular. § |§
° —HoA 6 8 Clo
> — - O 4 | o >
© e "o e
S 7 vo v f | 8 18
E 2 o 24 I x
2 ] [5:54 Soni¢ 100 p
: pes it
1 0<=7 1
° Jug e |
49 :on : éo;\ﬂ |
| END OF BOREHOLE AT 13m - Target Depth ~] |
Reached . |
a1 I
. |
L] |
] |
14— :
] |
] |
s 7 :
- |
57 |
= |
] |
— |
- ] |
. |
16: :
] |
N |
10 :
] |
17— |
] |
] |
— |
- ] |
. |
18j I
7 |
- |
E |
12 ] |
i |
19— |
] |
m |
. |
L l
- |
] |
Notes: Started: 1/10/2020 Finished: 2/10/2020
D ey a0 B o % Drilling Co.-  Griffiths Driling Ltd. ~ Driling Rig  Fraste XL Duo Sonic
3. GWRC Consent No. WGN200182 _ :
4. GWRC Borehole No. BQ32/0481 Logged by: - ERECICHN Checked by: SN
5. D&M: Dames and Moore Sampling ]
6. Adjacent to CPT103. CPT undertaken by Griffiths. Sheet 2 of 4

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.
Scale 1:50 @ A4




BOREHOLE SOIL/CPT LOG A4 - WSP 3-WW019.11 WATERLOO WTP.GPJ WSP-OPUS2018_TEM.GDT 13/10/20

\\\I)

Borehole No. BH101

Project:
Client:
Project No.:

Location:

Waterloo WTP
Wellington Water Ltd.
3-Ww019.11

Lower Hutt, New Zealand

Coordinates: 1761083 E 5435782 N

Ref. Grid: NZTM Depth: 13 m

R.L.: Approx. 6.69 m Inclination: Vertical
Datum: Wellington 1953

PHOTOGRAPHS

| e 3= WWOLT U
l=ta 2 =T AN

Photo BH101.1
Box 1

{ ... 3-wwol?-i
N .. B lof

9
P S )

" ma

Photo BH101.2

™

o WRTERLOS W7pr
e [ 57| = |20 MHoPUS

e —

w WBRTERLOS WTp
i ;Ao <

o Morus B8

Box 2
Notes: Started: 1/10/2020 Finished: 2/10/2020
S BT e ey Al B g% Drilling Co.:~ Griffiths Driling Ltd. ~ Driling Rig: Fraste XL Duo Sonic
3. GWRC Consent No. WGN200182 ) )
4. GWRC Borehole No. BQ32/0481 Logged by:  EICHICHIE Checked by: I

5. D&M: Dames and Moore Sampling
6. Adjacent to CPT103. CPT undertaken by Giriffiths.

Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.
Scale 1:50 @ A4
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BOREHOLE SOIL/CPT LOG A4 - WSP 3-WW019.11 WATERLOO WTP.GPJ WSP-OPUS2018_TEM.GDT 13/10/20
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Borehole No. BH101

Project: Waterloo WTP Coordinates:
Client: Wellington Water Ltd. Ref. Grid:
Project No.:  3-WW019.11 R.L.:
Location: Lower Hutt, New Zealand Datum:

1761083 E 5435782 N
NZTM

Approx. 6.69 m
Wellington 1953

Depth: 13 m
Inclination: Vertical

PHOTOGRAPHS

. WBTERLOS ly7r
wn, By Lo Y e |66 - [B0 WoPUS

e 3= WWQLT U
B /o)

o fo |

:

s

Photo BH101.3

Box 3
Notes: Started: 1/10/2020 Finished: 2/10/2020
S BT e ey Al B g% Drilling Co.:~ Griffiths Driling Ltd. ~ Driling Rig: Fraste XL Duo Sonic
3. GWRC Consent No. WGN200182 ) )
4. GWRC Borehole No. BQ32/0481 Logged by: - EHICICHEN Checked by: I

5. D&M: Dames and Moore Sampling
6. Adjacent to CPT103. CPT undertaken by Giriffiths.
Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.

Scale 1:50 @ A4
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WS I ) Borehole No. BH104

BOREHOLE SOIL/CPT LOG A4 - WSP 3-WW019.11 WATERLOO WTP.GPJ WSP-OPUS2018_TEM.GDT 14/10/20

Project: Waterloo WTP Coordinates: 1761064 E 5435769 N
Client: Wellington Water Ltd. Ref. Grid: NZTM Depth: 21.3 m
Project No.:  3-WW019.11 RL: Approx. 6.55 m Inclination: Vertical
Location:  Lower Hutt, New Zealand Datum: Wellington 1953
TESTS CORE | DRILLING
8 w I w g Hi‘ g
W<
5 CPT101 E|l o |31 353 x> 2 z,
O | END RESISTANCE Ex| £ |3 83 Sg 08 we Ja
e (MPa) E E e |z, @z% 2352 2 ok £z
2 MAIN DESCRIPTION 5 g Elop38 |BESEE| 3 |3 NOTES b
8p w0 2 / DETAIL DESCRIPTION ) | 85 |8 |PE|5%| 3 |ds| /OTHERTESTS 20
Vacuum Excavation. _ i 2z
] e
. ! 5
| 6 — | ...
N ' % I O
— | SRR
1 I : g 1
. I VE| 0 Sk
. | |81
L — | el
- 1815
. I R P
. | 8l
2— B !‘ BE=
] | g
. | .
_________________ 4J | )
Core loss 4 - | 3 H
] | Boni¢ 0
3] | ]
T |~ SAND with some silt, dark grey, ioose fo ~ | | 1
? medium dense, moist to wet, wood fragments. | 1,33,14,3 sPT| 100 K
2 | 1
u No silt. — | 3.45-5.00m - Sand is : g
| Konid 100 fine to medium. o
| :
| 18
| an
| amms  [SPT|100 :
|
| Gravelly SAND, dark grey, moist, looseto ~ 1-2 | o 4.50-6.00m - Gravel is
medium dense, wood fragments. | Bonid 100| = subrounded to
5 subangular, coarse,
| o moderately weathered.
| 8 5.00-6.00m - Sand is
£ b L oomn  |sPT[100] £ coarse.
g | 3
- — : _ lg
% | [Soni¢ 100 1
" | SAND, dark grey, loose, moist, wood | | 'g
SAND, dark grey, loose, moist, w : . 1l 100 ] °E’
) - | 5 I2
|~ Clayey SILT, brownish grey, stiff, moist, | ) =
5 modyggxate plasticity, wo%d )f/ragmems mt'd [ oni¢ 100 S
organic material. | ;
L~ | o
ﬁ I~ S_:?Fy GRAVEL, dark grey, medium dense, | | 7n spTl 100 § 7.10-8.20m - Gravel is
wet. 5/6/5/5 = coarse, subrounded to
N ! £ subangular, moderately
I~ — I > 1o highly weathered.
R I bonid 100 B 7.10-18.20m - Sand is X
© coarse. < -
| 8 7.10-8.20m - Gravel is R A £
| 8 coarse, subrounded to 2
I | —— - 5i 7 subangular, moderately
= Sllttz rgt/;‘tle, ggg( grey, m?sdlum dense, wet to | 3m3ms SPT| 100 = to highly weathered. %
q sal , wood ffagments. | H 7.10-18.20m - Sand is 2
z —2 | 3 coarse. 13
3 | Sonid 100 2 :
s | 3
g | |
s | Ul
° | 1zme  |SPT| 88
£ |
& B |
| Soni¢ 100
|
Notes: Started: 3/09/2020 Finished: 7/09/2020
1. Vacuum excavation to 2.5m due to proximity of services. - i . . - . .
2. SPT hammer energy ratio 87% pro Drilling Co.:  Griffiths Drilling Ltd.  Drilling Rig:  Fraste XL Duo Sonic
3. SPT hammer standard deviation 2.9% . .
4. GWRC Consent No. WGN200182 Logged by: RN Checked by: SN
5. GWRC Borehole No. BQ32/0484
6. Coordaintes and elevation are approximate. Sheet 1 of 6

7. Adjacent to CPT101.
Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.
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WS I ) Borehole No. BH104

BOREHOLE SOIL/CPT LOG A4 - WSP 3-WW019.11 WATERLOO WTP.GPJ WSP-OPUS2018_TEM.GDT 14/10/20

Project: Waterloo WTP Coordinates: 1761064 E 5435769 N
Client: Wellington Water Ltd. Ref. Grid: NZTM Depth: 21.3m
Project No.:  3-WW019.11 RL: Approx. 6.55 m Inclination: Vertical
Location:  Lower Hutt, New Zealand Datum: Wellington 1953
TESTS CORE | DRILLING
8 |u g | [u2 5
w | w 9 <
—_— - 2 2 w < =
% CPT101 El o |3! 283 |¢[8xl, F S
S | END RESISTANCE = z |3 3> |£(0E12g| 0|5 =49
2 (MP2) EE| & |z, aze 2352 2 |2k ==
Q MAIN DESCRIPTION 4N g ;;_' E§¥ 4 SOldE 3 |8S NOTES ol
8p 10 2 3B / DETAIL DESCRIPTION € a ! %85 |8 |CH|E2|3 |ds| /OTHERTESTS Zo
Siltt‘)]' s{;zlo, g&r’k "g;gy, mgdi{um (’ensc;, wetto 1=me i o - -
saturated, w ments. (continued . X .19 SPT| 100
£ | 4120419
N ETSRENTER TR, |« Tasy | s oo
e Jeasg | o
1% =% | weathered,
11—7: 2. : 4 | 171
1.0 = 0|5%0+| 151011213 |SPT| 80
2494 |
-  T2ea |
190.94 ! onig 100
n]02%] |
—H%0 94 | SWL
] 12
_; ) é‘;a 50+ 1312114111 |SPT 40|
T SWL
L% —o dé a 04 I 0,00m
N Q | Sonid 100
36y |
137 vy N o’; | SPT| 100
With some orange streaks. o % 50+ l 50
Jdon 0
— :oav';o; : Soni¢ 100
Polq |
140 = 0 :
Jop 64 19/
50+ SPT| 75
o 13113114/
1,2, l 3/13/114/10
- j: Ie) g( | o
3 With some cobbles. J0e 0] | Soni¢ 100| =
H 420.94 | s
2 15:?0 <0 | ek
3 7 : O oq< ”‘I 1612122 H
S 1o éoo | Z 15.36-15.50m - Loss of
] = o fines.
= :?do;o; : Soni¢ 100
190 94
16g =% : SPT[100
o A 0 45 50
|10 o< I Sonid 100
10054 |
22X |
70004 |
10 = 0 50+ | 121 SPT| 77
Jdo'n 6 | 22028
s 20 4
| SAND with some gravel, brown, moist fowet, [~ 7 ! ) 17.50-18.20m - Gravel
loose to very dense. | [Soni¢ 100 is fine, subrounded to
| subangular, moderately
| to highly weathered.
|
_________________ 201
Silty SAND with some clay, brown, ioose, 41 quqnn  |SPT|100 18.20-18.80m - Sand is
moist, non plastic. | fine to medium.
12
— I
_________________ | Sonid 100
Sandy GRAVEL with traces of silt, brown with | 18.80-21.30m - Sand is
some grey streaks, medium dense, wet. | coarse.
| asy SPT| 100
50+ 355
|
Wet to saturated. — | Konid 100
I
|
Notes: Started: 3/09/2020 Finished: 7/09/2020
1. Vacuum excavation to 2.5m due to proximity of services. - . - . - - .
2 SPT hammer energy ratio 87% Drilling Co.-  Griffiths Drilling Ltd.  Driling Rig:  Fraste XL Duo Sonic
3. SPT hammer standard deviation 2.9% . .
4. GWRC Consent No. WGN200182 Logged by: NI Checked by: SN
5. GWRC Borehole No. BQ32/0484
6. Coordaintes and elevation are approximate. Sheet 2 of 6

7. Adjacent to CPT101.
Logged in accordance with NZ Geotechnical Society Guidelines (2005). See attached key sheet for explanation of symbols.
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Borehole No. BH104

Project: Waterloo WTP Coordinates: 1761064 E 5435769 N
Client: Wellington Water Ltd. Ref. Grid: NZTM Depth: 21.3m
Project No.:  3-WW019.11 RL: Approx. 6.55 m Inclination: Vertical
Location:  Lower Hutt, New Zealand Datum: Wellington 1953
TESTS CORE | DRILLING
8 l w 3 Hd 5
- w > w o =1
> CPT101 E § 3 253 |@ §E° 9:—;’ <0
© | END RESISTANCE £ T |21 %pz |F|SYz8| o |6H 2=
e (MPa) = E e |z, @zg 40 Z|w g<
o MAIN DESCRIPTION JB E £l P33 |E|E312E| G |8s NOTES bh
8p 10 2 3B / DETAIL DESCRIPTION € a ! %85 |8 |CH|E2|3 |ds| /OTHERTESTS Zo
Sandy GRAVEL with traces of silt, brown with _°0 ;00 I S
3 Vo enasag S medium dense, Jog 0 50+: warighar |SPT|100| o
: Lo %] | 3
2 ) i
% With some silt and clay. o 0. o { : Sonid 100| 8
< Oo 0 o
2 To 0, | 5
s 21 . 4 | 3
1% % | SPT| 100
| END OF BOREHOLE AT 21.3m - Target Depth _ | SWL
Reached | 2 30m
B . l 7/09
: |
22— |
] |
] |
16 |
N |
] |
2] |
] |
_ |
L . |
, |
] |
24— :
. |
18 |
— |
] |
. |
7] |
- |
’ |
L ] |
] |
. |
26 |
n |
] |
| 20 I
n |
. |
27 |
. |
7 |
L~ |
] |
. |
28 :
] |
- |
|22 — |
T |
] |
29 |
] |
. |
7 |
B ] |
. |
] |
Notes: Started: 3/09/2020 Finished: 7/09/2020

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.

Drilling Co.:  Griffiths Drilling Ltd.  Drilling Rig: Fraste XL Duo Sonic

Logged by:  EEEICHIE

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

Scale 1:50 @ A4

Checked by: EHEEIEN
Sheet 3 of 6
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Borehole No. BH104

Project: Waterloo WTP

Client: Wellington Water Ltd.
Project No.:  3-WW019.11

Location: ~ Lower Hutt, New Zealand

Coordinates: 1761064 E 5435769 N
Ref. Grid: NZTM Depth: 21.3 m
R.L.: Approx. 6.55 m Inclination: Vertical

Datum: Wellington 1953

PHOTOGRAPHS

- PEETETTIONN
. BH\0on
2o

AL |

Photo BH104.1
Box 1

.. WATERLOO wTP
wmem (3.0 » 2.0 Morus

™ —— 0

. EETTIO
BHou

P i v, D )

TEN L,

Photo BH104.2

. WaTeeLoo wTP

t == E - Morus

Box 2
Notes: Started: 3/09/2020 Finished: 7/09/2020
e o et Byon € Provimiy of services. Drilling Co.: Griffiths Drilling Ltd.  Driling Rig: Fraste XL Duo Sonic
3. SPT hammer standard deviation 2.9% . .
4. GWRC Consent No. WGN200182 Logged by:  EICHICHIE Checked by: I

5. GWRC Borehole No. BQ32/0484
6. Coordaintes and elevation are approximate.
7. Adjacent to CPT101.

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

Scale 1:50 @ A4

Sheet 4 of 6
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Borehole No. BH104

Project: Waterloo WTP Coordinates:
Client: Wellington Water Ltd. Ref. Grid:
Project No.:  3-WW019.11 R.L.:
Location: ~ Lower Hutt, New Zealand Datum:

1761064 E 5435769 N
NZTM

Approx. 6.55 m
Wellington 1953

Depth: 21.3 m
Inclination: Vertical

PHOTOGRAPHS

- WATERL OO0 wTP
e 3 - omarem |65 = 13?-;

o e

e 37 ANONA-
Lo BRIy

P9 . I i B 1)

]

Photo BH104.3
Box 3

e 37 HNOVA 1L . aTeel oo wTP
Brou —— 1575 » 70

T

...hz.[.-

1 2o

hoto BH104.4

M orus

——

Box 4
Notes: Started: 3/09/2020 Finished: 7/09/2020
e o et Byon € Provimiy of services. Drilling Co.: ~ Griffiths Driling Ltd.  Driling Rig:  Fraste XL Duo Sonic

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.

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

Scale 1:50 @ A4

Logged by:  EICCIN

Checked by: I

Sheet 5 of 6
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Borehole No. BH104

Project: Waterloo WTP

Client: Wellington Water Ltd.
Project No.:  3-WW019.11

Location: ~ Lower Hutt, New Zealand

Coordinates: 1761064 E 5435769 N

Ref. Grid: NZTM Depth: 21.3 m
R.L.: Approx. 6.55 m Inclination: Vertical
Datum: Wellington 1953

PHOTOGRAPHS

e 37 NNONA AL . WATeRLOo wTP
S - L e (30 = 20-0 Torus

| .Cxrre

Photo BH104.5
Box 5

Photo BH104.6
Box 6
Notes: Started: 3/09/2020 Finished: 7/09/2020
e o et Byon € Provimiy of services. Drilling Co.: ~ Griffiths Driling Ltd.  Driling Rig:  Fraste XL Duo Sonic
3. SPT hammer standard deviation 2.9% . .
4. GWRC Consent No. WGN200182 Logged by:  EHICHICHE Checked by: I

5. GWRC Borehole No. BQ32/0484
6. Coordaintes and elevation are approximate.
7. Adjacent to CPT101.

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

Scale 1:50 @ A4

Sheet 6 of 6



TTNZ_20240902 - Generall.og - 3/09/2025 8:33:43 am - Produced with Core-GS by GeRoc

Tonkin+Taylor

BOREHOLE LOG

BOREHOLE No.:

BH201

SHEET: 1 OF 2

DRILLED BY: -
LOGGED BY: -

PROJECT: Waterloo Train Station CO-ORDINATES: 5435650 mN R.L. GROUND: 6m .
(NZTM2000) 1760959 mE RL COLLAR: CHECKED: NCP
JOB No.- 1098196.1000.01 e START DATE: 18/08/2025
LOCATION: Waterloo DIRECTION: DATUM: NZVD2016 .
: FINISH DATE: 19/08/2025
. . SURVEY: Google earth
ANGLE FROMHORIZ.:  -90 CONTRACTOR: Webster Drilling
MATERIAL DESCRIPTION ROCK MASS DISCONTINUITIES
E g g ©° oy
5 2|5 |2 £ =g 2
3 5|2 |85 = [ E|3|g|sfl ECERE
g solL: ¢ colour, 1 density, plasticity 5 g ?3 2 E - % i ‘g o £ Description i_, g s &
= [ 5 1o ©
3 | ROCK: Weathering. colour, fabric, name. sirength, cementation @ £ § 3|5 3" g, o & Additional Observations g3 £ §
i} »n
o
335350|3enz2E age
0.00m: Unweathered, dark grey, ASPHALT. Very strong. 5 .
0.07m: Sandy fine to medium GRAVEL; grey. "Dense”, moist,
= |\ well graded. Gravel, angular, slightly weathered, strong; sand,
L | \ fine to coarse. Shell and brick fragments observed. C ]
0.20m: Cobbly fine to coarse GRAVEL, some sand, trace silt; Q o r 1
brownish grey. "Dense", moist, well graded. Gravel, slightly z [
—. weathered, strong; cobbles, sub-angular to angular, slightly Lo 14 >
~ weathered, strong; sand, fine to coarse. i ) %
1.00m: NO RECOVERY - HVAC. Could not evaluate material. 1.30m: GWR. 130825 300 pm, taken following
piezometer installation -
1.40m: SILT, some clay, trace sand; grey. Soft, moist, low 1 L 1.50m: GWR: 1908025 12: 50 pm, taken during 3
plasticity. Sand, fine. 9 [ backfill and piezometer installation
1. 55m Sandy sp_.T, some clay; grey mottied brown. Firm, » -8- i :
moist, low plasticity. Sand, fine. | - L 2.00m GWR: 130825 800 am .
1.75m: Fine to coarse SAND, some silt; grey mottied brown. wm L 2.10m: GWR:18/08/25 3:59 pm
§ \_Very loose to loose, wet, well graded. 5, 8 Nt L . /&
%, 2 25m: S!ITT, minor sand, trace clay; greyish brown. Stiff, moist, || [ . ;
£ |\ low plasticity. Sand, fine. ol
g 2 50m: Fine to coarse SAND, some silt; grey mottied brown. % 8_ [ . |8
Very loose to loose, wet, well graded. b .
2 60m: Clayey SILT, minor organics; brown. Very soft, moist, | 008 N .
high plasticity. Organics, wood fragments (partially el 00/00 o
decomposed). a|= N2 H A
] - i 3.45.- 4.00m: Core strtch L1
3.60m: Fine to coarse SAND, minor silt, trace organics; grey. 2|8 3 ° i
Medium dense, moist. 0| i Rk
3.95m: Sandy fine to coarse GRAVEL; bluish grey. Dense, | 681 _'N 4 '_g.q . H
moist, well graded. Gravel, rounded to sub-angular, slightly Ele | tontnim [ B3
weathered, strong, greywacke; sand, fine to coarse. a|™~ N=43 re \/
4.10m: Fine to coarse GRAVEL, some sand; bluish grey. | o r O S
Dense, moist, well graded. Gravel, rounded to sub-angular, o) 3 ‘ 96 {
slightly weathered, strong, greywacke. A ?6 .
- - ° A ®
5.00 - 5. 45m-Very Dense — P 5_400 j 5
Ele 817136 B9 e
oY N>=50 o \/ 5
- [ ra :
g8 S 2
i el
6.00 - 6. 45m Medum Dense — i .-° 6 joo
e 817165 ] 66
& N=26 b= 6
5 N 29
; 6.60m: CORE LOSS. Suspect fine pushed out at bottom of run. Sle
»
- [
¥ | 7.00m: Fine to coarse SAND, some gravel; dark grey. Medium . 361 §
dense, moist, well graded. Gravel, fine to medium, rounded to % 3 5:3? [ §
sub-rounded, slightly weathered, strong, greywacke. L @
7.40m: Sandy fine to coarse GRAVEL; bluish grey. Dense, i &
moist, well graded. Gravel, rounded to sub-angular, slightly g S L
weathered, strong, greywacke; sand, fine to coarse. @« [ ]
I . [0° _.6' 1
& |g [ | 18115016 for 74 Ire)
i mm 'DO'O
M50 S §
2|8 re g
w|T _O,c; ~
{o 8
L] -
o [ ° _.é' 5
£l | 1441210 0f I'e) 3
»|® 70mm -%o g
= N<50 10+ ]
] snan [ '..69
9.80m: CORE LOSS. Suspect material dropped out 5 3 “""‘:42"0 - 1o
__[ 9.95m: END OF BOREHOLE. Target depth. : :
COMMENTS: 1) SPT hammer efficiency#: WDESPT#8 845% ETR.
Hole Depth
995m
Scale 1:50 Rev.: A




TTNZ_20240902 - GeneralLog

g - 3/09/2025 8:33:43 am - Produced with Core-GS by GeRoc

CORE PHOTOS

BOREHOLE No.: BH201

SHEET: 1 OF 5

PROJECT: Waterloo Train Station

LOCATION: Waterloo

JOB No.: 1098196.1000.01

CO-ORDINATES:
(NZTM2000)

R.L.:
DATUM:

5435650 mN
1760959 mE

6m
NzVD2016

DRILL TYPE: WD-SD100 Heliport SONIC

METHOD: Sonic core drilling

HOLE STARTED: 18/08/2025

HOLE FINISHED: 19/08/2025

DRILLED BY: Webster Drilling

LOGGED BY: - CHECKED: NCP

0.00-1.50m: HVAC

1.40-2.80m




TTNZ_20240902 - GeneralLog

g - 3/09/2025 8:33:43 am - Produced with Core-GS by GeRoc

CORE PHOTOS

BOREHOLE No.: BH201

SHEET: 2 OF 5

PROJECT: Waterloo Train Station

LOCATION: Waterloo

JOB No.: 1098196.1000.01

CO-ORDINATES:
(NZTM2000)

R.L.:
DATUM:

5435650 mN
1760959 mE

6m
NzVD2016

DRILL TYPE: WD-SD100 Heliport SONIC

METHOD: Sonic core drilling

HOLE STARTED: 18/08/2025

HOLE FINISHED: 19/08/2025

DRILLED BY: Webster Drilling

LOGGED BY: - CHECKED: NCP

2.80-4.10m

4.10-5.50m




TTNZ_20240902 - GeneralLog

g - 3/09/2025 8:33:43 am - Produced with Core-GS by GeRoc

CORE PHOTOS

BOREHOLE No.: BH201

SHEET: 3 0OF 5

PROJECT: Waterloo Train Station

LOCATION: Waterloo

JOB No.: 1098196.1000.01

CO-ORDINATES:
(NZTM2000)

R.L.:
DATUM:

5435650 mN
1760959 mE

6m
NzVD2016

DRILL TYPE: WD-SD100 Heliport SONIC

METHOD: Sonic core drilling

HOLE STARTED: 18/08/2025

HOLE FINISHED: 19/08/2025

DRILLED BY: Webster Drilling

LOGGED BY: - CHECKED: NCP

5.50-7.60m

7.60-9.00m
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g - 3/09/2025 8:33:43 am - Produced with Core-GS by GeRoc

CORE PHOTOS

BOREHOLE No.: BH201

SHEET: 4 OF 5

PROJECT: Waterloo Train Station

LOCATION: Waterloo

JOB No.: 1098196.1000.01

CO-ORDINATES:
(NZTM2000)

R.L.:
DATUM:

5435650 mN
1760959 mE

6m
NzVD2016

DRILL TYPE: WD-SD100 Heliport SONIC

METHOD: Sonic core drilling

HOLE STARTED: 18/08/2025

HOLE FINISHED: 19/08/2025

DRILLED BY: Webster Drilling

LOGGED BY: - CHECKED: NCP

9.00-9.50m

2.00-6.00m
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g - 3/09/2025 8:33:43 am - Produced with Core-GS by GeRoc

CORE PHOTOS

BOREHOLE No.: BH201

SHEET: 5 OF 5

PROJECT: Waterloo Train Station

LOCATION: Waterloo

JOB No.: 1098196.1000.01

CO-ORDINATES:
(NZTM2000)

R.L.:
DATUM:

5435650 mN
1760959 mE

6m
NzVD2016

DRILL TYPE: WD-SD100 Heliport SONIC

METHOD: Sonic core drilling

HOLE STARTED: 18/08/2025

HOLE FINISHED: 19/08/2025

DRILLED BY: Webster Drilling

LOGGED BY: - CHECKED: NCP

6.00-9.50m




Appendix C

Cone Penetration Tests

. Table C1: Summary of CPT investigations

o CPT logs
TableC1:  Summary of CPTs
D Date Ground surface level, | Pre-drill depth | Total depth | Termination
RL (m) (m) (m) reason
CPTO® | 19/10/2016 - 3.36 7.26 Refusal
CPT101 @ | 6/10/2020 6.19 15 8.41 Target depth
CPT102 @ | 14/9/2020 6.21 15 7.54 Refusal
CPT103 @ | 14/9/2020 6.31 15 8.99 Refusal
CPT109 @ | 15/9/2020 3.92 - 5.09 Refusal
CPT201® | 20/8/2025 6 15 10.00 Target depth
CPT202 ¥ | 20/8/2025 6 15 10.00 Target depth
CPT203 ¥ | 22/8/2025 6 15 5.75 Refusal
CPT204 ¥ | 22/8/2025 6 15 10.00 Target depth
CPT205 @ | 20/8/2025 7 15 10.00 Target depth
CPT206B ¥ | 22/8/2025 7 1.7 6.50 Refusal
CPT207 ¥ | 21/8/2025 7 15 10.00 Target depth
CPT208 ¥ | 22/8/2025 6 15 10.00 Target depth
CPT209 ¥ | 19/8/2025 6 15 10.00 Target depth
CPT210 ™ | 13/8/2025 6 15 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 cm?). Cone tip net area ratio = 0.78.
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Test No.:
Scale:

Fig.:

11

WTP CPT2.1(103).cpd

0.00
14/09/2020
Page:

Ground level:

Date:
File:

u2 [MPa]

fs [MPa]

WSP

Client:

JPosition:

Waterloo WTP

qc [MPa]

CPT103

#4D Oxford Terrace, Lower Hu
~1.5m Hydrovacced & Backfilled

Project ID:
Project:

Location:
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Cone No: 5336
Sleeve area [cm2]: 150

Tip area [cm2]: 10
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GRIFFITHS DRILLING ./////

CONE PENETRATION TEST (CPT) LOG

GROUND

INVESTIGATION
Corrected Cone Resistance,q, (MT-‘*a) Pore Pressure, U, (kPa) dual scale Friction Ratio, R, (%) & SBT Soil Behaviour Type (SBT)
€ 4 8 12 16 20 24 28 32 36 0 50 100 150 200 2 B 6 8 g § g 2 4 6 8
= F——————————————— fF——————+—+—+ — fF————t——t—— f——————— E§ = [+t cPT Ciassifications cannot be expected to provide
E 100 200 300 400 500 600 700 800 900 0 500 1000 1500 2000 8 12 18 2 I &5 §k=00-22 ' . Bccurate predictions of soil type based on grain size,
1] Sleeve Friction, , (kPa) Hydrostatic Pore Pressure, u, (kPa) Inclination, x,y ( °) f & but provide a guide to behaviour type.
— pa:
3 = 8 Clays: clay to silty clay
~t ! = 3
E T — 3 S by Sand mixtures: silty sand to sandy silt
— A= - i
| =] < =
5 (, T =] r Silt mixtures: clayey silt & silty clay
— 2| i = —2 Silt mixtures: clayey silt & silty clay
] %? - ] — 9 Silt mixtures: clayey silt & silty clay
/( i :
N ]1 i L3 Clays: clay to silty clay
j. [ Clays: clay to silty clay
— 4 = — a4
| b . !
6{ — EJ ! i Sands: clean sands to silty sands
] Q 1 3 Silt mixtures: clayey silt & silty clay
[ 5 EL\?I\ f‘— [ 5] g Sand mixtures: silty sand to sandy silt
[ 7 — 7 —
[ 3 — 8 —
Client: Griffiths Drilling Operator: BN NZTM 2000 N, E (m): 5435789.85, 1761097 .68 Elevation (m): Unknown |Client Job Ref:
Project: Waterloo Water Treatment Plant Cone Ref: MKJ540 WGS84 (deg): -41.213246,174 921673 Date of Test: 15/09/2020
Location: 44D Oxford Terrace, Lower Hutt, Wellington Cone Type: 10cm’ Compression  |Location Method: Handheld GPS Depth (m): 509 Test Number: CPT-109
Engineer: BN Area Ratio: 0.8 Surveyor: Pre Drill (m): N/A
Contractor: Ground Investigation Ltd. Filter Type: u, Termination Reason: Limit of reaction force G.l.JobRef: 200454

Comments:




GRIFFITHS DRILLING ./////

CPT PARAMETER LOG

GROUND

Refined Normalised Cone Resistance,Q, Normalised Friction Ratio, F, SBT, Undrained Shear Strength, s, (kPa) Relative Density, D, (%) Friction Angle, (¢") Estimated SBT N,
- 50 100 150 200 250 300 350 400 450 2 4 8 8 10 12 2 4 68 8 P 40 80 120 160 200 240 280 320 360 20 40 60 80 30 35 40 45 10 20 30 40
E P T R NN R S R S T T R N RV NP B PN HEPU BN B Y E M M P M I M P M M : PR RPN R P T R B | P R R R
= LI N B N BN B R B B LA L N B DL DL DELEN (LA B L L B = = — L — T — L — = t L B B B T L B B L B
a 00 02 04 06 08 10 1 a
& Pore Pressure Ratio, B, ° &
//,_,44 N ‘\‘*/—_. >
] Z I ] ] ]
» — A | » T = = b E
— — o — [ S
>
| <L, < — < ?
5 — 7] - — ]
(5 - (
L | L:_ [)
1 = i = ]
( (Ll I~
3 || E] E
- - < -
=
:"—<
[ 4 — f [ 4 — = ) = ) — ) ]
] 14 .. X _ L . § p _
K\ L 4 T S ~ \
» ; § i | ]
—_— Gri Dril Soil Behaviour Type SBT, - Robertson et al. 1990 Notes and Limitations: Client Job Ref:
ient: riffiths Dri ing . : __| Data shown on this report has been assessed to provide a basic
n Undefined IE Sand mixtures: silty sand to sandy silt| interpretation in terms of Soil Behaviour Type (SBT) and various
i - geotechnical soil and design p sing inPK.
Project: Waterloo Water Treatment Plant . Sensitive fine grained EI Sands: clean sands to silty sands | Robertson and K L. Cabel (2010), Guide 1o Cone Penetration Testing for Test Number CPT-109
.. - Geotechnical Engineering, 4th Edition. The interpretations are presented . -
Location: 44D Oxford Terrace, Lower Hutt, Wellington n Organic: Organic clayisilt, peat E] Dense sand to gravelly sand only as a guide for geotechnical use and should be carefully reviewed by
Engineer - V! pea g y the user. Ground Investigation Ltd. does not warrant the correctness or
. _ ; ; applicability of any of the geotechnical soil and design parameter shown
9 - Clay: clay to silty clay Stiff sand to clayey sand and doa#h not ::;usr'r: ?gy Iiaf?‘il'i;y for myfuse of the results iré any design (;r
5 2 review. The u uld be fully aware of the techniques and limitations of
Contractor: Ground Investigation Ltd. - Silt mixtures: clayey silt & silty dayEI SHiff silt/clay any method used to derive data shown in this report. G.l.Job Ref: 200454




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: EICICHI @ebsterdrilling.com
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT201

Location: CPT201

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.214404
Longitude: 174.921722
Operator:-
Comments: Jet Vac to 1.5m

Probe code: Mks680

Page: 1/ 28



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: EICICHI @ebsterdrilling.com
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT202
Location: CPT202

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.214282
Longitude: 174.921484
Operator:-
Comments: Jet Vac 1.5m

Probe code: Mks680
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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: f—websterdrilling.oom
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT203

Location: CPT203

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.214906
Longitude: 174.919885
Operator: /()2
Comments: Jet Vac to 1.5m

Probe code: Mks680
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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

Qc [MPq Fs [KPq U2 [KPq Rf  [%] Tilt [
o o Q9 c oo oo 8 888088888§ §% %8%%%%@%%% N @ N © vooﬁg<r N S © ® O
c S R88LLIBRIS S c 3 888BB8RE&S S P VN oA I Naddd dN NN O d N < I8~ 0 A« o O N < © © I H o dd A

a1
N
Y

525 \-1
55

1 "’\nn

A A

\/
A
V

< 4
575 Refusall- 130kN

6.25

6.5

6.75

7.25

75

7.75

8.25

85

8.75

9.25

9.5

9.75

10
CPTU-ACQ for TGAS (Pagani G.E. acquisition system) Page: 18/ 18



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: EICICHI @ebsterdrilling.com
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT204

Location: CPT204

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.214610
Longitude: 174.920303
Operator: /()2
Comments: Jet Vac to 1.5m

Probe code: Mks680
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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
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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

Company information

Name: Webster Drilling & Exploration Ltd
Address: 10 Raiha Street

Zip code: 5024

City: Porirua

P.IVA:

E-Mail: EICICHI @ebsterdrilling.com
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT205

Location: CPT205

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.214226
Longitude: 174.920917
Operator:

Comments: Jet Vac to 1.5m

Probe code: Mks680

Page: 1/ 28



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: EICICHI @ebsterdrilling.com
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT206B

Location: CPT206B

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.213966
Longitude: 174.921474
Operator: /()2
Comments: Jet Vac to 1.5m

Probe code: Mks680
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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: EICICHI @ebsterdrilling.com
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT207

Location: CPT207

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.213961
Longitude: 174.921443
Operator:- Comments:
Jet Vac & to 1.5m Probe code:

Mks680
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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: EICICHI @ebsterdrilling.com
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT208

Location: CPT208

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.214440
Longitude: 174.920669
Operator: /()2
Comments: Jet Vac to 1.5m

Probe code: Mks680
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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 SICICHI @ ebsterdrilling.com
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT209

Location: CPT209

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.214208
Longitude: 174.920433
Operator: /()2
Comments: Jet Vac to 1.5m

Probe code: Mks680
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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
Qc [MPg Fs [KPd] U2 [KPq Rf  [%] Tilt [
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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: EICICHI @ebsterdrilling.com
Phone number: 042375264

Fax number:

Site information

Test information

Name: Waterloo Station
Date: 27/08/2025
Commissioner: Tonkin & Taylor

Locality: Wellington

CPTU-ACQ for TGAS (Pagani G.E. acquisition system)

Name: CPT210

Location: CPT210

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

Prehole depth [cm]: O
Hydrostatic line [cm]: O
Ground level [cm]: O
Latitude: -41.213957
Longitude: 174.920602
Operator: /()2
Comments: Jet Vac to 1.5m

Probe code: Mks680
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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
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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
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Appendix D Laboratory tests

o Table D1: Summary of cyclic triaxial test results
o Table D2: Summary of particle size distribution test results
o Table D3: Summary of Atterberg limits test results

. Laboratory Test Reports

Table E1: Summary of cyclic triaxial test results

Borehole | Depth (m) Initial Effective Initial Final Target | Cyclic | No.of | No.of
unit consolidation water water CSR axial cycles | cycles
weight | pressure (kPa) | content | content stress t05% | toUcc
(kN/m3) (%) (%) at CSR DA /o'xn=
(kPa) axial 0.95
strain
BH101 3.0t03.45 19.1 50 275 26.8 0.67 67 2@ NA
BH101 3.0t03.45 19.2 50 25.2 23.9 0.37 37 200 NA
BH101 3.65t04.1 19.7 55 23 22.8 0.47 51.7 90( 6
BH101 3.65t04.1 19.7 55 24.3 234 0.26 28.6 NA NA

Note 1) After liquefaction was observed (eDA = 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 Sample Water Cobbles Gravel Sand Fines Fines
(m) description | content | (>63mm) | (2mmto | (63micron | (<75micron) | (<63micron)
(%) 63mm) to 2mm)
BH104 8.5t0 Sand 235 14 70 18 16
9.0
BH101 | 3.0to | ClayeySILT 23.9 0 0 6 95 94
3.45 with minor
sand
BH101 3.0to Clayey SILT 19.9 0 0 9 94 91
3.45 with minor
sand
BH101 | 3.0to | ClayeySILT 20.3 0 0 8 95 92
3.45A with trace
sand
BH101 3.65 Clayey SILT 22.6 0 0 10 93 90
to with minor
4.1B sand
BH101 7.5t0 Sandy SILT 38 0 0 34 71 66
8.0
Table E3: Summary of Atterberg limits testing results
Borehole Depth (m) Sample Soil fraction Liquid Limit | Plastic Limit Plasticity
description tested Index
BH101 3.0t03.45(A) Clayey SILT, -425micron 29 19 10
minor sand
BH101 3.0t0 3.45(B) Clayey SILT, -425micron 24 18 6
minor sand
BH101 3.65t04.1 (A) Clayey SILT, -425micron 24 18 6
trace sand
BH101 3.65t04.1 (B) Clayey SILT, -425micron 26 20 6
minor sand

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.




Cyclic triaxial test for WSP OPUS

(Waterloo WTP Project)

Test 1 (BH-101, 3.0 - 3.45 m)

WhiServices

Auckland UniServices Limited
70 Symonds St, Auckland 1142

Sample: BH-101, 3.0 - 3.45m

Depth (m): 3.0-3.45m

Formation: -

Test start: 19 August 2019

Test end: 22 August 2019

Initial mass (gr): 729.2

Initial length (mm): 126

Initial diameter (mm): 61.4

Initial unit weight (kN/m?3): 19.1

Effective consolidation pressure (kPa): 50

Consolidation volume change (ml): 7.5

Initial water content (%): 27.5

Final water content (%): 26.8

Target CSR: 0.67

Cyclic axial stress at CSR (kPa): 67

Number of cycles to 5% DA axial strain: 2

Number of cycles to Ueyc/ 630 = 0.95: NA

Test performed by: -

Apparatus: Geomechanics lab MTS810

Comments: After saturation and consolidation stages, the specimen was subjected to stress-

controlled cyclic loading with frequency of 0.1 Hz.

After liquefaction was observed (epa = 5%), the specimen was subjected to strain-controlled

monotonic load to about 5% axial strain at rate of 0.01 mm/sec.

Minor Incident: During the consolidation stage, the data acquisition system did not save the data for

unknown reasons; hence, in this report, a snapshot of the volume change versus time plot is taken

from the data acquisition software (as illustrated in Figure 4).




Photos:

A

Figure 1: Specimen preparation for the triaxial test: (a) extruding the soil sample using a hydraulic
jack; (b) trimming the specimen end inside the mould; (c) set up of specimen in the triaxial cell.

Figure 2: (a) Specimen enclosed with rubber membrane secured to the top cap and pedestal with
0O-rings; (b) filling the triaxial cell with water.



ELESIGmas

Figure 3: Condition of the specimen: (a) after undrained cyclic loading and before post-monotonic
loading; (b) after post-monotonic loading; (c) after post-monotonic loading without the
membrane.



Consolidation stage:

“olume Ch (ml)

Figure 4: Consolidation volume change vs time.

Cyclic shear stage:

75
©
S 50
<
T 25
()]
()]
o
5 0
(/)]
o)
T 25
>
(0]
0 50

0 1 2 3 4
Number of cycles, N,

Figure 5: Deviator stress vs number of cycles



(&)
o

N
(&)}

Excess pore pressure (kPa)
2 o

o
)

0 1 2 3
Number of cycles, N,

Figure 6: Excess pore water pressure vs number of cycles

ot
3

o

©
o

Excess pore pressure ratio, r,

]
N

2 3
Number of cycles, N,

o
-

Figure 7: Excess pore water pressure ratio vs number of cycles



Axial strain, €, (%)
()

6 . ,
0 1 2

Number of cycles, N,

Figure 8: Axial strain vs number of cycles

100

(&)
o
T

Devioator stress, q (kPa)
3 o

_1 00 L 1 L 1 L ] L 1

Axial strain, €, (%)

Figure 9: Deviator stress vs axial strain



N (&) ~
(é)} o (&)}
T T

Deviator stress, q (kPa)
o

_75 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80
Mean efective stress, p’ (kPa)
Figure 10: Deviator stress vs mean effective stress

80
©
(a
=
o

o ©0
n
Q
»

_g 40
©
5

c 20}
©
()]
=
O 1 1 1
0 1 2 3 4

Number of cycles, N,

Figure 11: Mean effective stress vs number of cycles.



(&)
o

N
(&)
T

Excess pore pressure (kPa)
o

Axial strain, €, (%)
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Cyclic triaxial test for WSP OPUS

(Waterloo WTP Project)

Test 2 (BH-101, 3.0 - 3.45 m)

WhiServices

Auckland UniServices Limited
70 Symonds St, Auckland 1142

Sample: BH-101, 3.0 - 3.45m Depth (m): 3.0-3.45m Formation: -

Test start: 22 October 2020 Test end: 27 October 2020 Initial mass (gr): 729.14

Initial length (mm): 126 Initial diameter (mm): 61.5 Initial unit weight (kN/m3): 19.2
Effective consolidation pressure (kPa): 50 Consolidation volume change (ml): 7.3

Initial water content (%): 25.2

Final water content (%): 23.9

Target CSR: 0.37

Cyclic axial stress at CSR (kPa): 37

Number of cycles to 5% DA axial strain: 20 Number of cycles to U/ 630 = 0.95: NA

Test performed by: -

Apparatus: Geomechanics lab MTS810

Comments: After saturation and consolidation stages, the specimen was subjected to stress-

controlled cyclic loading with frequency of 0.1 Hz.

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.




Photos:

Figure 1: Specimen preparation for the triaxial test: (a) extruding the soil sample using a hydraulic
jack; (b) trimming the specimen end inside the mould; (c) set up of specimen in the triaxial cell

Figure 2: (a) Specimen enclosed with rubber membrane secured to the top cap and pedestal with
0O-rings; (b) filling the triaxial cell with water.



Figure 3: Condition of the specimen (a) after undrained cyclic loading and before post-monotonic
loading; (b) after post-monotonic loading; (c) after post-monotonic loading without the
membrane.
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Cyclic triaxial test for WSP OPUS

WhiServices

Auckland UniServices Limited
70 Symonds St, Auckland 1142

(Waterloo WTP Project)

Test 3 (BH-101, 3.65 - 4.1 m)

Sample: BH-101, 3.65 - 4.1m Depth (m): 3.65-4.1m Formation: -

Test start: 27 October 2020 Test end: 30 October 2020 Initial mass (gr): 749.3

Initial length (mm): 126 Initial diameter (mm): 61.5 Initial unit weight (kN/m?3): 19.7
Effective consolidation pressure (kPa): 55 Consolidation volume change (ml): 2.4

Initial water content (%): 23 Final water content (%): 22.8

Target CSR: 0.47 Cyclic axial stress at CSR (kPa): 51.7

Number of cycles to 5% DA axial strain: 9 Number of cycles to Ueyc/ 630 = 0.95: 6

Test performed by: - Apparatus: Geomechanics lab MTS810

Comments: After saturation and consolidation stages, the specimen was subjected to stress-
controlled cyclic loading with a frequency of 0.1 Hz.

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.




Photos:

Figure 1: Specimen preparation for the triaxial test: (a) extruding the soil sample using a hydraulic
jack; (b) trimming the specimen end inside the mould; (c) set up of specimen in the triaxial cell

Figure 2: (a) Specimen enclosed with a rubber membrane secured to the top cap and pedestal
with O-rings; (b) filling the triaxial cell with water.



Figure 3: Condition of the specimen: (a) after undrained cyclic loading and before post-monotonic
loading; (b) after post-monotonic loading; (c) after post-monotonic loading without the
membrane.
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Figure 7: Excess pore water pressure ratio vs number of cycles
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Figure 11: Mean effective stress vs number of cycles.
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Cyclic triaxial test for WSP OPUS

(Waterloo WTP Project)

Test 4 (BH-101, 3.65 - 4.1 m)

WhiServices

Auckland UniServices Limited
70 Symonds St, Auckland 1142

Sample: BH-101, 3.65 - 4.1m Depth (m): 3.65-4.1m Formation: -
Test start: 11 November 2020 Test end: 13 November 2020 Initial mass (gr): 749
Initial length (mm): 126 Initial diameter (mm): 61.5 Initial unit weight (kN/m3): 19.7

Effective consolidation pressure (kPa): 55

Consolidation volume change (ml): 3

Initial water content (%): 24.3

Final water content (%): 23.4

Target CSR: 0.26

Cyclic axial stress at CSR (kPa): 28.6

Number of cycles to 5% DA axial strain: NA

Number of cycles to U/ 630 = 0.95: NA

Test performed by: -

Apparatus: Geomechanics lab MTS810

Comments: After saturation and consolidation stages, the specimen was subjected to stress-

controlled cyclic loading with a frequency of 0.1 Hz.

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.
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Figure 1: Specimen preparation for the triaxial test: (a) extruding the soil sample using a hydraulic
jack; (b) trimming the specimen end inside the mould; (c) set up of specimen in the triaxial cell

Figure 2: (a) Specimen enclosed with rubber membrane secured to the top cap and pedestal with
0O-rings; (b) filling the triaxial cell with water.



Figure 3: Condition of the specimen (a) after undrained cyclic loading and before post-monotonic
loading; (b) after post-monotonic loading; (c) after post-monotonic loading without the
membrane.
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PARTICLE SIZE ANALYSIS

TEST REPORT

Project:
Location:
Client:
Contractor:
Sampled by:

Date sampled:
Sampling method:
Sample source:

Waterloo WTP Ground Improvement 3-WW019.11
Waterloo Water Treatment Plant, Oxford Tce, LH

Wellington Water

Griffiths Drilling Limited

3.9.20
Sonic core drilling
BH104 8.5-9.0m

WS

Sample description:  SAND: Report No: 522900/1406
Sample condition: As received Sample No: 2-20/299
Solid density (fines) nla tm3 Assumed Client Ref: 3-WW019.11
Water contentasrec'd 235 % whole
Sieve Analysis Hydrometer Analysis
Sieve Size Passing | Sieve Size Passing Sieve Size Passing |JParticle Size| Passing |/Particle Size] Passing
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
375 100 475 90 0.212 37
265 98 2.36 87 0.150 27
19.0 96 1.18 84 0.106 22
13.20 95 0.600 77 0.090 20
9.50 93 0425 67 0.075 18
6.70 91 0.300 51 0.063 16
Percent passing finest sieve obtained by difference
Sieve Aperture Size (mm)
8588 8 R 8§88 = 8 eegfggne
100
E 4/7—" =T
90 | = a8
80 | e il
g é al
g 70 :
60 F
2 . /
g :
g 4
% 30 /
8 20 b i
10
0 F
0.001 0.01 0.1 particle Size (mm) 1 10 100
fine | medium coarse fine I medium | coarse fine medium I coarse c;:;
CLAY
SILT SAND GRAVEL
Test Methods (where used) Notes
Particle Size Analysis: NZS 4402 1986 Test 2.8.1 (Wet Sieve) History: Air dried
Particle Size Analysis: NZS 4402 1986 Test 2.8.4 (Hydrometer) Uncalibrated sieve sizes 0.212, 0.106, 0.090mm
Project / sample details supplied by client
Date Tested: 10-23.11.20 Testing only is covered by IANZ Accreditation
Date Reported: 24.11.20 This report may only be reproduced in full
ocniolré.o
Y All tests reported hereir
have been performed ir
IANZ Approved Signatory IA“ lu(.;‘:r(iunce with lhef
. . . 2 - ra ’$ S o
Designation Technical Officer %, 5~ eTaeReton,
Date: "6 tape®
PF-LAB-100 (20/03/2018) Page 1 of 1

WSP New Zealand Limited
WSP Research & Innovation Centre
Quality Management Systems Certified to ISO 9001

33 The Esplanade. Petone. 5012
PO Box 30 845, Lower Hutt . 5040
New Zealand

Telephone +64 4 587 0600
Facsimile +64 4 587 0604
Web www.wsp.com/en-NZ




PLASTICITY INDEX FOR SOILS
TEST REPORT

\\\I)

Project : Waterloo Water Treatment Plant - Ground Improvement

Location : Lower Hutt, Wellington

Client : Wellington Water Limited c/o WSP

Contractor : =

Sampled by : WSP

Date sampled : October 2020

Date received : 6/11/2020

Sampling method : Bag Sample

Sample condition : As received Project No : 3-WWO19.11
Lab Ref No : HA6768/1-4 Pl
Client Ref No :

Test Results

Sample Lab Ref No: HAG768_1_PI | HA6768_2_PI| HA6768_3_PI| HAG768_4_PI

Sample Location ID : BHI101 BH101 BH101 BHI101
Sample Depth (m) : 3.0-345(A) | 3.0-345(B) | 3.65-41(A) | 3.65-4.1(B)
Soil Fraction Tested : -425um | -425pm | -425pm | -425pm |
Liquid Limit : 29 | 24 24 26
Plastic Limit: 19 18 18 20
Plasticity Index : 10 6 6 6
Sample Description : HAG6768 1 PI Clayey SILT, minor sand

HA6768_2 PI Clayey SILT, minor sand

HA6768 3 Pl Clayey SILT, trace sand

HAG6768 4 Pl Clayey SILT, minor sand

Test Methods Notes

NZS 4402 :1986, Test 2.1 Soil fraction tested as shown.
NZS 4402 :1986, Test 2.2
NZS 4402 :1986, Test 2.3

NZS 4402 : 1986, Test 2.4

Water Content
Liquid Limit
Plastic Limit
Plasticity Index

1. Testing not accredited due to samples being oven dried prior to testing

2. W/C not included in report due to rewetting of samples

Date tested :  18/01/21

Date reported : 04/02/21 This report may only be reproduced in full

lied by Client
Approved
Designation :
Date:
LHF 2402 (08/20) Page 1of 1
Telephone +64 7 856 2870

WSP i 4 Fox Street

Private Bag 3057, Waikato Mail Centre, 3240,
Hamilton, New Zealand

Hamilton {Fox St) Website www.wsp.com/nz

Quality Management Systems Certified to ISO 9001



PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

\\\I)

TEST REPORT
Project : Waterloo WTP Ground Improvements
Location : Lower Hutt, Wellington
Client : Wellington Water Limited c/o WSP
Client/Sample Ref: 101_3-3.45A
Contractor : -
Borehole No: BH101 Depth: 3.0-3.45 metres
Sampled by : WSP
Date received : 06/11/20
Sampling method : Bag Sample
Sample condition : As received Project No:  3-WWO019.11
Sample description : Clayey SILT with minor sand Lab Ref No: HA6768/1_Hydro
Solid Particle Density (t/m?®): 270 Assumed Client Ref:
Water Content (as received): 239 9%
Sieve Analysis Hydrometer Analysis
Sieve Size Passing Sieve Size Passing Sieve Size Passing Particle Size Passing Particle Size Passing
(mm) (96) (mm) (96) {mm) (96) (mm (96) (mm) (96)
63.0 - 475 0300 99 0.043] 82 0.0067 37
375 ) 236 100 0212 99 0.0320 72 0.0048 34
19.0 - 118 100 0150 99 0.0235 62 0.0034 27
REY 0600 100 | oo7s 95 00172 55 0.0026 24
9.5 | - 0.425 100 0.063 93 0.0129 48 0.0014 19
Note: *--" denotes sieve not used and/or hydrometer analysis not tested 0.0093 ZZ‘ - .
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SILT SAND GRAVEL
Test Methods Notes

Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Washed Grading & Hydrometer Method)

pH of suspension : 8.0 (Whatmans Full Range pH Indicator paper)
All information supplied by Client

Re wet sample, Sample cannot be IANZ accredited

Date Tested: 19/01/21 This report may only be reproduced in full
Date Reported: 04/02/21

Approved

Designation : Senior Civil Engineering Technician

Date : 04/02/21

PF-LAB-100 (11/07/2020)
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PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)
TEST REPORT

\\\I)

Project : Waterloo WTP Ground Improvements
Location : Lower Hutt, Wellington
Client : Wellington Water Limited c/o WSP
Client/Sample Ref : 101_3-3.45B
Contractor : -
Borehole No: BH101 Depth: 3.0-3.45 metres
Sampled by : WSP
Date received : 06/11/20
Sampling method : Bag Sample
Sample condition : As received Project No:  3-WWO019.11
Sample description : Clayey SILT with minor sand Lab Ref No: HA6768/2_Hydro
Solid Particle Density (t/m°): 2.70 Assumed Client Ref:
Water Content (as received): 19.9 9%
Sieve Analysis Hydrometer Analysis
Sieve Size Passing Sieve Size Passing Sieve Size Passing Particle Size Passing Particle Size Passing
(mm) (96) (mm) (96) {rmm) (96) (mm) (96) (mm) (96)
63.0 475 0300 100 0.0422 78 0.0067 32
375 R 236 wo || oz 100 0.03% 68 0.0048 28
19.0 us 100 0150 99 0.0222 59 0.0034 22
132 0.600 100 0.075 9 00172 50 0.0026 21
9.5 = 0425 100 0.063 gl 00128 45 0.0015 16
Note *--* denotes sieve not used andfor hydrometer analysis not tested 0.0093 8
- — — —
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Test Methods Notes

Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Washed Grading & Hydrometer Method)

pH of suspension : 8.0 (Whatmans Full Range pH Indicator paper)

All information supplied by Client

Re wet sample. Sample cannot be IANZ accredited

Date Tested: 19/01/21

Date Reported: 04/02/21

This report may only be reproduced in full

Approved

Designation : Senior Civil Engineering Technician

Date : 04/02/21
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PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT

\\\I)

Project : Waterloo WTP Ground Improvements
Location : Lower Hutt, Wellington
Client : Wellington Water Limited c/o WSP
Client/Sample Ref : 101_3.65-4.1A
Contractor : -
Borehole No: BH101 Depth: 3.65-4.1 metres
Sampled by : WSP
Date received : 06/11/20
Sampling method : Bag Sample
Sample condition : As received Project No:  3-WWO019.11
Sample description : Clayey SILT with trace sand Lab Ref No: HA6768/3_Hydro
Solid Particle Density (t/m?®): 270  Assumed Client Ref:
Water Content (as received): 20.3 %
Sieve Analysis Hydrometer Analysis
Sieve Size Passing Sieve Size Passing Sieve Size Passing Particle Size Passing Particle Size Passing
(mm) (96) (mm) (96) (mm) (96) (mm) (96) (mm) %96)
63.0 475 0.300 100 0.0421 80 0.0067 35
375 236 0212 100 0.0312 7 00048 32
19.0 o 118 = 0150 100 0.0230 63 0.0033 25
132 - 0.600 100 0.075 95 0.0169 54 0.0026 22
95 = 0425 100 0.063 92 00128 46 || 000w 17
Note: ".." denotes sieve not used andfor hydrometer analysis not tested 0.0092 40 R
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Test Methods INotes

Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Washed Grading & Hydrometer Method)

pH of suspension : 8.0

(Whatmans Full Range pH Indicator paper)

All information supplied by Client

Re wet sample. Sample cannot be IANZ accredited.

Date Tested:

Date Reported:

Approved
Designation :
Date :

PF-LAB-100 (17/07/2020)

19/01/21

04/02/2

Senior Civil Engineering Technician
04/02/21

This report may only be reproduced in full
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PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT

WS

)

Project : Waterloo WTP Ground Improvements
Location : Lower Hutt, Wellington
Client : Wellington Water Limited c/o WSP
Client/Sample Ref : 101_3.65-41B
Contractor : -
Borehole No: BH101 Depth: 3.65-4.1 metres
Sampled by : WSP
Date received : 06/11/20
Sampling method : Bag Sample
Sample condition : As received Project No:  3-WWO019.11
Sample description : Clayey SILT with minor sand Lab Ref No: HA6768/4_Hydro
Solid Particle Density (t/m®): 270  Assumed Client Ref:
Water Content (as Tested): 226 %
Sieve Analysis Hydrometer Analysis
Sieve Size Passing Sieve Size Passing Sieve Size Passing Particle Size Passing Particle Size Passing
(mm) (%6) (mm) (96) (mm) (96) (mm) (96) (mm) (96)
63.0 475 0.300 100 0.0427 83 0.0066 40
375 | 236 0212 99 0.0313 75 0.0048 33
19.0 118 | o1s0 98 0021 | 66 0.0034 28
132 | 0600 100 0.075 95 | oowe7 61 0.0026 24
95 | - 0425 100 0065 | 90 00125 52 - 0.0014 19
Note "--* denotes sieve not used and/or hydrometer analysis not tested 0.0092 45
Sieve Aperture Size (mm)
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Test Methods Notes

Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Washed Grading & Hydrometer Method)

All information supplied by Client
Re Wet sample. Sample cannot be IANZ accredited

pH of suspension : 8.0 (Whatmans Full Range pH Indicator paper)

Date Tested: 19/01/21
Date Reported: 04/02/21
Approved

Designation :

Date : 04/02/21

PF-LAB-100 (11//07/2020)

This report may only be reproduced in full
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PARTICLE SIZE ANALYSIS
TEST REPORT

WS

Project: Waterloo WTP Ground Improvement 3-WW019.11
Location: Waterloo Water Treatment Plant, Oxford Tce, LH
Client: Wellington Water

Contractor: Griffiths Drilling Limited

Sampled by:

Date sampled:
Sampling method:
Sample source:

2.10.20
Sonic core drilling
BH101 7.5-8.0m

Sample description:  Sandy SILT: Report No: 522900/1406
Sample condition: As received Sample No: 2-20/294
Solid density (fines) nla tm3 Assumed Client Ref: 3-WW019.11
Water content as rec'd 380 % whole
Sieve Analysis Hydrometer Analysis
Sieve Size Passing | Sieve Size Passing Sieve Size Passing |JParticle Size| Passing |/Particle Size] Passing
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
375 100 475 100 0.150 87
265 100 2.36 100 0.125 84
19.0 100 1.18 100 0.106 82
13.20 100 0.600 99 0.090 77
9.50 100 0.300 96 0.075 71
6.70 100 0212 93 0.063 66
Percent passing finest sieve obtained by difference
Sieve Aperture Size (mm)
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Test Methods (where used) Notes
Particle Size Analysis: NZS 4402 1986 Test 2.8.1 (Wet Sieve) History: Air dried
Particle Size Analysis: NZS 4402 1986 Test 2.8.4 (Hydrometer) Uncalibrated sieve sizes 0.212, 0.125, 0.106, 0.090mm
Project / sample details supplied by client
Date Tested: 10-23.11.20 Testing only is covered by IANZ Accreditation
Date Reported: 24.11.20 This report may only be reproduced in full
ocniolré.o
Y All tests reported hereir
have been performed ir
IANZ Approved Signatory IA“ lu(.;‘:r(iunce with lhef
. . . 2 - ra ’$ S o
Designation Technical Officer| ':‘»,‘v & eTaeReton,
Date: 24.11.20 ¢ tasc®
PF-LAB-100 (20/03/2018) Page 1 of 1
WSP New Zealand Limited 33 The Esplanade. Petone. 5012 Telephone +64 4 587 0600

WSP Research & Innovation Centre PO Box 30

Quality Management Systems Certified to ISO 9001

New Zealand
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PARTICLE SIZE ANALYSIS
TEST REPORT

WS

Project: Waterloo WTP Ground Improvement 3-WW019.11
Location: Waterloo Water Treatment Plant, Oxford Tce, LH
Client: Wellington Water
Contractor: Griffiths Drilling Limited
Sampled by:
Date sampled: 3.9.20
Sampling method: Sonic core drilling
Sample source: BH104 3.5-4.0m
Sample description:  Silty SAND: Report No: 522900/1406
Sample condition: As received Sample No: 2-20/297
Solid density (fines) 270  tm? Assumed Client Ref: 3-WW019.11
Water content as rec'd 17.8 % whole
Sieve Analysis Hydrometer Analysis
Sieve Size Passing | Sieve Size Passing Sieve Size Passing |JParticle Size| Passing |/Particle Size] Passing
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
375 100 475 94 0.212 43 0.0361 19 0.0045 8
265 99 2.36 93 0.150 36 0.0262 16 0.0017 5
19.0 99 118 90 0.106 31 0.0189 14 0.0015 5
13.20 97 0.600 81 0.090 28 0.0140 12
9.50 96 0425 67 0.075 26 0.0101 10
6.70 95 0.300 52 0.063 24 0.0071 9
Percent passing finest sieve obtained by difference
Sieve Aperture Size (mm)
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Test Methods (where used) Notes
Particle Size Analysis: NZS 4402 1986 Test 2.8.1 (Wet Sieve) History: Air dried
Particle Size Analysis: NZS 4402 1986 Test 2.8.4 (Hydrometer) Uncalibrated sieve sizes 0.212, 0.106, 0.090mm
Project / sample details supplied by client
Date Tested: 10-23.11.20 Testing only is covered by IANZ Accreditation
Date Reported: 24.11.20 This report may only be reproduced in full
ocniolré.o
Y All tests reported hereir
have been performed ir
IANZ Approved Signatory IA“ [(l(.;:r(iunce with lhef
. 2 - ra ’$ S o
Designation Technical Officer Y & eTaeReton,
Date: "6 tape®
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PARTICLE SIZE ANALYSIS
TEST REPORT

Project:
Location:
Client:
Contractor:
Sampled by:

Date sampled:
Sampling method:
Sample source:

Waterloo WTP Ground Improvement 3-WW019.11
Waterloo Water Treatment Plant, Oxford Tce, LH
Wellington Water
Griffiths Drilling Limited

3.9.20

Sonic core drilling
BH104 5.5-6.0m

WS

Sample description:  SAND: Report No: 522900/1406
Sample condition: As received Sample No: 2-20/298
Solid density (fines) nla tm? Assumed Client Ref: 3-WW019.11
Water contentasrec'd 287 % whole
Sieve Analysis Hydrometer Analysis
Sieve Size Passing | Sieve Size Passing Sieve Size Passing |JParticle Size| Passing |/Particle Size] Passing
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
375 100 475 89 0.212 22
265 97 2.36 88 0.150 16
19.0 95 1.18 87 0.106 13
13.20 93 0.600 79 0.090 12
9.50 91 0425 60 0.075 1"
6.70 90 0.300 35 0.063 10
Percent passing finest sieve obtained by difference
Sieve Aperture Size (mm)
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Test Methods (where used) Notes
Particle Size Analysis: NZS 4402 1986 Test 2.8.1 (Wet Sieve) History: Air dried
Particle Size Analysis: NZS 4402 1986 Test 2.8.4 (Hydrometer) Uncalibrated sieve sizes 0.212, 0.106, 0.090mm
Project / sample details supplied by client
Date Tested: 10-23.11.20 Testing only is covered by IANZ Accreditation
Date Reported: 24.11.20 This report may only be reproduced in full
ocniolré.o
Y All tests reported hereir
have been performed ir
IANZ Approved Signatory IA“ lu(.;‘:r(iunce with lhef
. . . 2 - ra ’$ S o
Designation Technical Officer ':‘»,‘v & eTaeReton,
Date: 24.11.20 ¢ tasc®
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Appendix E

Groundwater monitoring

o Table E1: Summary of groundwater level measurements during drilling

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

o Figures E1 and E2: BH201 Continuous groundwater monitoring data

Table E1: Summary of groundwater level measurements during drilling
c d level Groundwater level measurements
round leve .
ID ' Date / Time ;
RL (m) Depth (m) Elevation, RL

(m)
BH3 6 26/10/2016 2.5 (base of hole at 12.45m) 3.5
3/9/2020 0.0 (base of hole at 12m) 6.17
4/9/2020 2.5 (base of hole at 12m) 3.67
BH104 6.17 7/9/2020 2.3 (base of hole at 21.3m) 3.87
18/8/2025 4pm 2.1 3.9
BH201 6 19/8/2025 8am 2.0 4.0
20/8/2025 7pm 1.40 (before CPT) 4.6

CPT201 6 20/8/2025 9pm Hole collapse — no reading (after CPT) -
CPT202 6 20/8/2025 10pm 1.25 (after CPT) 4.75
22/8/2025 7pm 1.25 (before CPT) 4.75
CPT203 6 22/8/2025 8pm 0.93 (after CPT) 5.07

CPT204 6 22/8/2025 7pm Hole collapse - no reading (after CPT) -
21/8/2025 2am 2.0 (before CPT) 5.0

CPT205 7 21/8/2025 3am Hole collapse - no reading (after CPT) -

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

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

CPT207 7 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

Ground Groundwater level measurements
Screened RL . Date of

ID level, RL (m) Slotted unit measurements Elevation, RL
(m) Depth (m) (m)
4/9/2020 1.9 4.10
9/9/2020 1.6 4.40
16/9/2020 15 4.50
30/9/2020 1 5.00
Marine and 9/10/2020 1.27 4.73
Alluvial 23/2/2021 2.45 3.55
BH3 6 -2t0-6 Deposits 15/3/2021 55 0.50
Waiwhetu 9/10/2020 1.95 4.36
BH101 6.31 -5.81t0-4.81 Gravels 23/2/2021 3.05 3.26
9/9/2020 2.1 4.07
16/9/2020 1.91 4.26
30/9/2020 1.6 4.57
9/10/2020 1.82 4.35
Taita 23/2/2021 2.8 3.37
BH104 6.17 -1.45t0+2.55 Alluvium 15/3/2021 2.7 3.47
21/8/2025 12am 2.15 3.85

21/8/2025 to Refer Figure E1 | Refer Figure E2

Melling 26/9/25 High: 1.27 High: 4.73
Peat / Taita Low: 2.22 Low: 3.78
BH201 6 +0.2t0 +5 Alluvium Average: 1.71 Average: 4.29




Client: Greater Wellington Regional Council
E H ﬁ Project Name: Waterloo Station

Rainfall data obtained from GWRC website, Hut River at Birch Lane Site.

Tonkin+Taylor Project No.: 1098196.1
Date
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Groundwater Level (m bgl) ® Rainfall

Figure E1

Calcby. BHR Waterloo Station
Date: 6/10/2025 Groundwater Level Monitoring (BH201)




RAr

Client:
Project Name:

Greater Wellington Regional Council
Waterloo Station

Groundwater Level (m RL) ® Rainfall

Rainfall data obtained from GWRC website, Hut River at Birch Lane Site. Groundwater levels based on an approximate ground level of 6m RL.

Tonkin+Taylor Project No.: 1098196.1
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Zﬁ: tr,j EZBHR Waterloo Station
Date:  6/10/2025 Groundwater Level Monitoring (BH201)
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