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Woodlands Park Road Reservoirs: Geotechnical Factual Report 1

1 Introduction

Opus International Consultants Limited were commissioned by Watercare Services Limited to
undertake a geotechnical investigation for the proposed Woodlands Park Road Reservoirs project.

The results of our geotechnical investigation are included in this factual report.
2 Site Location
The site is located west of Titirangi, Auckland as shown on the site plan included in Appendix A.

3 Investigations

3.1 Boreholes

Our geotechnical site investigation consisted of twelve fully cored HQ size machine boreholes at the
locations briefed. Likewise as briefed, standard penetrometer tests (SPT’s) were undertaken at
1.5 m intervals and push tube samples were taken for laboratory testing.

The drilling was undertaken by DrillForce Limited from the 16t of October to the 8t of November
2013.

The target depth of the boreholes as briefed was 15 m beneath ground level. Before the
investigation commenced, it was agreed that BH13/08 be extended to 30 m+ depth to provide an
indication of the site’s deeper underlying geology. Piezometers were installed in BH13/02, 13/04,

13/07,13/08 and 13/09.

All of the boreholes were logged in accordance with the NZGS Guideline for the Field Classification
and Description of Soil and Rock for Engineering Purposes, December 2005.

The borehole locations are shown in the plan presented in Appendix A, borehole logs and
corresponding core photographs are presented in Appendix B.

3.2 Dutch Cone Penetrometer’s

Ten Dutch cone penetrometer’s (CPT’s) were undertaken at the locations briefed. The CPT’s were
undertaken by Ground Investigation Limited on the 5% and 6t of November 2013.

The CPT locations are shown in the plan presented in Appendix A, CPT plots are presented in
Appendix C.

3.3 Test Pits

Six geotechnical test pits were carried out by DrillForce Limited on the 215t to the 23" of November
2013 at the locations briefed.

The test pits were undertaken to simulate potential excavation conditions during construction of
the proposed reservoir structures. Bulk samples were taken from each pit for laboratory testing if
required.

GS13/424 / 1-C0935.25 | 13 December 2013 Opus International Consultants Limited



Woodlands Park Road Reservoirs: Geotechnical Factual Report 2

The test pit locations are shown in the plan presented in Appendix A, test pit logs and
corresponding photographs are presented in Appendix D.

3.4 Hand Augers

Three hand augers were undertaken by the Opus Geotechnical Section on the 4™ of November
2013. The hand auger locations were positioned in the centre of proposed reservoir footprints and
were primarily undertaken to collect soil samples to be tested for contamination.

The hand auger locations are shown in the plan presented in Appendix A, hand auger logs are
presented in Appendix E.

3.5 Laboratory Testing

Laboratory testing has been carried by Opus International Consultants Auckland Laboratory.
Various core samples obtained from boreholes BH13/01, 13/03, 13/07 and 13/09 were tested.

Borehole Depth Test

BH 13/01 3.0m Plasticity Index
3.3m One Dimensional Consolidation
3.35m Consolidated Undrained Triaxial
4.0 m Particle Size Distribution
6.7 m Unconfined Compressive Strength
7.2 m Unconfined Compressive Strength
9.4m Unconfined Compressive Strength
11.55 m Unconfined Compressive Strength

BH 13/03 3.0m Plasticity Index
3.25m Consolidated Undrained Triaxial
3.4 m One Dimensional Consolidation
4.2m Plasticity Index
6.0 m Plasticity Index
6.35 m Consolidated Undrained Triaxial
10.5m Plasticity Index

BH 13/07 3.0m Plasticity Index
3.25m One Dimensional Consolidation
3.35m Consolidated Undrained Triaxial
6.15 m UCS

GS13/424 / 1-C0935.25 | 13 December 2013 Opus International Consultants Limited
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Borehole Depth Test

BH 13/09 3.0m Plasticity Index
3.3m One Dimensional Consolidation
3.38 m Consolidated Undrained Triaxial
6.0 m Plasticity Index
6.3 m One Dimensional Consolidation
6.35 m Consolidated Undrained Triaxial
9.45m Plasticity Index

The results are presented in Appendix F.

3.6 Contamination Testing

Contamination testing was undertaken on six soil samples collected from the hand auger
investigation. The testing was carried out by Hill Laboratories Limited on the 7t of November
2013. The soil samples were tested for hydrocarbons and heavy metals.

The results of the contamination testing are presented in Appendix G.
3.7 Groundwater Levels

The groundwater levels in boreholes BH13/02, 13/04, 13/07, 13/08 and 13/09 were measured by
Opus on the 19t of November 2013.

The groundwater levels are presented on each respective borehole logs in Appendix B.
4 Limitations

The results presented in this report are taken from tests undertaken at discreet locations. Ground
conditions may change suddenly over short distances resulting in variations between positions or
across the site.

This report has been prepared for the benefit of the Watercare Services Limited, for the purpose of
providing geotechnical factual information for the proposed Woodlands Park Road Reservoirs. It is
not to be relied upon or used out of context by any other person without further reference to the
Auckland Geotechnical Section of Opus International Consultants.

GS13/424 / 1-C0935.25 | 13 December 2013 Opus International Consultants Limited
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Geotechnical Site Plan
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Appendix B
Borehole Logs & Core Photographs



BOREHOLE_LOG_A3
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BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746085 E 5910825 N 124.69 m 10f2
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 1519 m
TESTS - ® CORE DRILLING g
T = z = >
= = = ww
> 0] w w o o | w as 4 <
5 S 13,23 §| 2|3 we| g 2 on | e
N g 2 |/z02 || 2/ %5 op g = 8 iz | g =
o El o |5 83|85 | u 2 = |ouw| w 22|29 ug | =3 s
o Tzl T |2 dbx | o X | 3>| 4 |20 |2 Q |Oof | 0F |2
] EFf|l o |[Z/m2zg | ¥ |XE| & ~ |0l o |[dx|9a| 2 |wg N wx
o 5 o &t 2w | 9 oﬁ ™ Q 0| = ='E 25| o oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |ouw| 3 |zW /o) g | I3 | T ‘n‘ £
Clayey SILT; greyish brown streaked ;
orange, firm, plastic. |
Trace manganese staining from 0.30m. }
‘ 5]
‘ E
CLAY; with trace silt, light grey streaked I 100 | HA %
orange, stiff, plastic. I c
w §
|
Some silt and trace manganese staining I
from 1.10m. }
|
IS |
.2 | Occasional lenses of fine sandy silt and fine |
5 angular gravel from 1.60m. 6 | vnniziz 100 | SPT
3 |
(&) |
|
|
|
|
} 67 | HQ
|
|
CLAY; with trace silt, brownish grey |
streaked orange, stiff, plastic, some fine |
angular silt fragments, some lenses of |
sandy silt. |
| 100 | PT
|
|
Silty fine SAND; greyish brown streaked B |
orange, medium dense, brittle, occasional [ i X 10! 31137313
1-3mm@ angular mudstone fragments. | . 0 | 100 | SPT
i |
497 |
i |
Fine to medium sand and some 1 | 100 | HQ
sub-rounded gravels from 4.20m. i . |
- |
- |
X
H120 30 |5//4/5/8/13 82 | SPT
By }
Becomes weakly cemented to 5.80m with 5+ x |
0.5-1cm@ angular silt fragments from - I
4.95m. A4 x [
i | 2
| =
n X [
| 69 | HQ | =
] } =
L -x | Relict fracture, very steeply 2
inclined dip; undulating, rough, >
b x } clay coating from 5.60m to 5.70m. :
6 x | §.
T o TgRe 100 |SPT| @
c
.g Fine to coarse SANDSTONE; brownish B }
g grey, very weak, moderately weathered, | | Flracture, ster:eply inclined dip; ’
- - anar, rougn, manganese coatin
€ | some 1-3mm@ sub-rounded to angular | | Prom 6.40mgto 6.50%. 9
5 ravel | 118 - -
L g . - | Fracture, moderateIY inclined dip;
5 B | urgisulatlng, rough, clay coating at
- .oom.
% 7 I MW Fracture, steeﬁly inclined dip; 84 | 100 | HQ
° | stepped, rough,' manganese
< 7 | coating at 6.90m.
=z B | Fracture zone, multiple moderately
- | inclined dips; rough, manganese
i coating from 7.00m to 7.25m.
| 50+‘ 50 for Two fractures, moderately inclined
] | 150mm dips; planar, rough, manganese 100 | SPT
Fine to coarse SANDSTONE; light grey, L ] I coating at 7.30m and 7.50m.
very weak, slightly weathered, some _ I o .
1-3mm@ sub-rounded to angular gravel. i I Fracture, steeply inclined dip;
| 9Ianar, rough, limonite staining at
8 | .80m.
] } SwW
i I Fracture, steeply inclined dip; 86 | 100 | HQ
| 9Ianar, rough, limonite staining at
N | .80m.
Becomes fine to medium grained with | 116 ] |
occasional 1-3mm@ sub-rounded to angular i | Six cIoseIY spaced fractures,
gravel. | moderately inclined dips; planar,
Becomes moderately weathered and ] I Mw rough, limonite coating from
brownish grey from g70m 9] 50 I f28”1358/12 8.70m t0 9.00m.
. . i +
b | °,'\'l=56‘1"" SC | SPT
Fine SANDSTONE; light bluish grey, very | |
weak, slightly weathered. i | Fracture, gently inclined dip;
| planar, rough, limonite staining.
— | SW
L 7 | 62 | 100 | HQ
|
CLAY; greenish grey, hard, plastic. M ouaan | Bedding plane, gently inclined dip;
| planar at 9.80m.
STARTED FINISHED
NOTES 29/10/2013 29/10/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SyigoLs | CLENT ' - Jos NO. : BH13/01
Watercare Services Limited 1-C0935.25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746085 E 5910825 N 124.69 m 202
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 1519 m
TESTS - o CORE DRILLING g
I = z o E
= = = ww
= o |wl w | Q =] S| w ['4 <
5 S 13,23 §| 2|3 we| g 2 on | e
N gl 2 |iz02 || 2| & | op 8| F 8 iz | 4q =
[} ~ £/ 2 |53 802 K| 4l < |0u| w (82|89 o | 5F | =2 =
o £ x| I |z JdEx Tl o R 22| 2 |20|2 2 |9k | 92 |x2
= E E o L2 0Zg X |[XE | § ~ |<9| o |[dx(d2| £ W< N = we
o 5 o § = E2u ooﬁu_ n..os_m_z,w oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |ouw| 3 |zW /o) g | I3 | T ‘n‘ £
Fine SAND; greenish grey, dense, brittle, B i Multiple relict fractures, gently to
moderately cemented. I steeﬂly inclined dips; ianar,
7 | rough, trace clay and limonite 62 | 100 | HQ
- | coating from 9.85m to 11.00m.
b |
7 |
i 504 //14/15/12 ]
| 114 ] ‘fr 55m sc | sPT
B |
B |
Fine to medium SANDSTONE; greenish 1 B I Fracture, gentl¥ inclined dlp,
grey, very weak, unweathered to slightly i I F'anaft fOUQP ra?e1 ?"(‘)gn
weathered, occasional 1-2mm@ angular | } imonite coating a m.
gravel. 5 \ 84 | 100 | HQ
7 |
] |
[ l |
] |
B |
12+ |
26//50 for
s ] 50+ 23150 SC | SPT 2
5 1 | s
E 1 | =
e 7 | 8
S | 112 ] | =
% Progressively grades into some 1-4mm@ B | %_
& | angular gravel by 13.00m. B | 100 | 100 | HQ | =
£ 13- | g
=z Fine SANDSTONE; dark grey, very weak, B | uw T
unweathered. B I
i |
i |
| | 50
] 50% 125mm SC | SPT
L | |
i |
i |
14+ |
Progressively grades into a fine to medium ] |
grained sandstone with some 1-2mm@ i |
angular gravel by 14.40m. | | 98 | 100 | HQ
| | Two fractures, moderately inclined
| dips; planar, rou %h dark greenish
| 110 ] | grey coatings at 14.40m.
] } Fracture, gently inclined dip;
15 | undulating, rouglh dark greenish
i 5041 20//50 for grey coating at sC |spT
|
- |
End of Borehole at 15.19m. B }
B |
~ B |
B |
- |
164 |
b |
b |
b |
b |
— |
| 108 ] }
7 |
7 |
174 |
b |
b |
B |
B |
7 |
] |
[ ] |
] |
B |
18- |
] |
] |
] |
] |
B |
| 106 | |
i |
) |
19| |
] \
| |
i |
| |
i |
L | |
| |
i |
|
STARTED FINISHED
NOTES 29/10/2013 29/10/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/01
CLIENT JoB NO.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1-C0935.25

Scale 1:33.33
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BOREHOLE LOG
BH13/02
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746091 E 5910813 N 12710 m 10f2
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - ® CORE DRILLING g
T = z = >
= = = ww
> 0] w w o ol| © § w 5s 4 <
5 s 313283 8| £ 5 g ¢ 2 |23 E |
o E|l o |$I8aS|E| B 2| DP = 8% &4 |g2a|e8 wg | =3 =
o £z T |Z/aEx|® - |23 4 |20|22| Q@ |OF | OoF (x>
| £ E o |2 m2g | X |XFE| 0 = |go|l o |[9x|d9a| 2 W N~ W
g Jh 2 Eis3¥ 8|88k § |58 % ELi|z2| 2 23 =8 g
B MAIN DESCRIPTION ¥ 8 & |6 %05 | & 82| B |geares DETAILED DESCRIPTION S k| S K282 S | S= o |82
Silty CLAY; brown streaked greyish brown i
and orange, firm, plastic, inclusions of }
E 3cm®@ angular, grey, gravel. |
|
‘ 5]
CLAY; with trace silt, brownish grey I 2
streaked dark orange, firm, plastic. } 100 | HA g
[=
Clayey SILT; light brownish grey streaked x I £
orange, firm, plastic. X }
B
=< |
|
*
SILT; with trace fine sand, brownish grey, x | —
firm, brittle, trace fine angular silt fragments. x 19 } 110111011 53 | SPT
X
|
x |
L X I
M |
|
x |
Trace limonite staining, trace clay, becomes x | 76 | HQ
slightly plastic from 2.40m. « | -
| —
Some lenses of grey and pink fine sandy * | =
silt, and brownish orange silty fine to x | =
medium sand from 2.70m. 34 % |
[ 124~ | x |
x |
x | 100 | PT
% |
|
SILT; with some clay, brownish grey x |
streaked orange, very stiff, slightly plastic, x |
some pockets of orange brown fine to x 8 | Sl111213 69 | SPT
medium sandy silt, trace limonite and o |
manganese streaks. | =
L x |
<1 100 | HQ
x
|
Silty fine SAND; with trace fine angular x |
gravels, dark brown, loose, brittle. HE |
Fine sandy SILT; with trace clay, yellowish 4 I 170111211 58 | SPT
brown, firm to stiff, slightly plastic, x |
© |
|
€ x |
g x |
E <1 g
3 <] 58 | HQ §
X | ©
Txx I S
% | =
Ix 7o | o
Q
X x ‘ 'E
r x T I o
90508 } 1112132 o |spT| T
N
> x |
:>< * X ‘
x |
% |
7 100 | HQ
120 1 T x |
SILT; with trace fine sand and trace clay, T |
greyish brown streaked orange, hard, x |
slightly plastic, grading into a silty fine % |
SAND; loose, brittle by 7.85m. M |
|
x |14 41/5/3/3/3 100 | SPT
SILT; with some clay, light grey, hard, x }
slightly plastic, with trace fine to medium 8 * |
angular gravel and lenses of silty fine to - xox |
medium sand. T x |
:>< * X ‘
. } 100 | HQ
Tx i « |
| Relict fracture, very steepl!
i x * | inclined dip; undugting, gn)flooth,
N | no coating from 8.70m to 9.00m.
| 118 97 . X |
|21 } 6//4/5/5/7 100 | SPT
R
X |
SILT; with trace fine sand, light grey, hard, e « |
brittle, moderately cemented, some very ox |
closely spaced incipient fractures. o | 100 | HQ
Hl |
|
STARTED FINISHED
NOTES 23/10/2013 24/10/2013
Single piezometer installed upon completion. DRILLER DRILLING CO.
Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/02
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SyigoLs | CLENT ' - Jos NO.
Watercare Services Limited 1-C0935.25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746091 E 5910813 N 12710 m 202
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - o CORE DRILLING g
T = z = >
= = = ww
=S O |wl w| 9 ol| © S| w 1S | x <
3 1815 3|8 g ¢ B ¢ 2 ou | £ z
2 £ o |$129%| 2| |5 | op g 0q |08 L | 29 s
8 = 3| = |2192 o | 25 g |9Y| 4 |z8|/z2| o |ow| 5% 5
£ T > © 1) a2 4 |50 |= > = < ©
= E E o L2 0Zg X |[XE | § <0o| & (dx|d2| = W< N = we
o 5 o § = E2u U(Jﬁu_ a..os_m_z,w oz Wiy T
u MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |o® 3 |ZEY|Z3| S | 35| =° |52
SILT; with trace fine sand, light grey, hard, HE ; e
brittle, moderately cemented, some very x o x |
closely spaced incipient fractures. * | 100 | HQ
Thin layer of fine to medium SAND; medium oV [ Bedding plane(?), steeply inclined
dense, brittle, weakly cemented. x " x } dip; undulating.
X
T 30 |16//7/8/7/8 62 | SPT
Ix T ox |
1« |
| x
SILT; with trace fine sand, light grey, hard, 11&1 e X I
brittle, 50% moderately cemented, some | ox |
1-2cm@ angular mudstone fragments. o }
Ix 7o
VN 100 | HQ
4% ‘
e % |
|
x ~ x
Fine sandy SILT; light grey, hard, brittle, N |
50% moderately cemented, some 1-2cm@ 120¢ % I
angular mudstone fragments. L VR } °
711918
T 7 1504 for s5mm 58 |SPT| =
x T ox | s
X | °
g Fine SANDSTONE; with some silt, dark i | S
= grey, extremely weak, slightly weathered, i | =
= massive, occasional fine angular gravel. | | %_
8 i | SW =
| | 100 | HQ
143 | | g:j
|
SILT; with trace fine sand, light grey, hard, HEEV |
brittle, occasional fine angular to _x x |
sub-rounded mudstone fragments. I Ve |
4% |
< 1111/15/11/13
T oM 44 | SPT
x
i |
Tx"y
14— ™ «
L 4%« |
Ixoox |
x
e T |
Tx x x ‘
- x | 81 | HQ
_x « X ‘
Ix  x |
x * X }
4 x
57)( X ‘
13 e Xy |
% x 27} 71/5/6/7/9 100 | SPT [
4 x
Ix 7o |
— I
B |
B |
End of Borehole at 15.45m. ] |
164 |
~ b |
b |
b |
b |
— |
b |
b |
7 |
7 |
1d 7] }
b |
B |
B |
7 |
] |
] |
] |
B |
18- |
[ ] |
] |
] |
] |
B |
] |
] |
] |
a |
| 10897 |
| |
| |
| |
| |
i |
i |
| |
i |
|
STARTED FINISHED
NOTES
23/10/2013 24/10/2013
Single piezometer installed upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/02
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SvigoLs | CHENT ' I Jos NO.
Watercare Services Limited 1-C0935.25

Scale 1:33.33
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| 3.00m — 6.45m Box 2 of 5 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/02

| 6.45m — 9.10m Box 3 of 5 |

J

v
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[ 9.10m — 12.00m Box 4 of 5 |




Manuka Reservoirs
Watercare Services Limited o I U S

Borehole 13/02

| 12.00m — 15.45m (E.O.H) Box 5 of 5 |
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BOREHOLE_LOG_A3

BOREHOLE LOG
BH13/03
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746105 E 5910797 N 127.65 m 10f2
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - o CORE DRILLING 3
T = z = >
= = = ww
z o |wl w | Q [3) Sl w wu | <
2 19 |32 x 3 E 2 g u i‘_’ E @ og E %
o E| o |S/8aS|E| B o |or < |88| uw |2a/29 wg | 58 | =
9 Ez| £ |z125% 2 |<E| & €133/ ¢|32/32| 2 |25 | 8% (&2
o T E| < i.}..:ﬁ ooﬁE aﬁgsdﬁﬁsa %‘;’: iy %5
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |ouw| 3 |zW /o) g | I3 | T ‘n‘ £
— SILT; with some clay, greyish brown ;
ic blotched orange, firm, slightly plastic, some |
rootlets, occasional 4cm@ angular concrete |
fragments. |
CLAY; with some silt, brownish grey mottled | 5
orange, firm, slightly plastic, some rootlets. | =]
} 100 | HA |
[=
‘ z
Silty CLAY; grey mottled orange, firm, I
plastic, occasional fine angular silt I
fragments. }
|
Clayey SILT; brownish grey, firm, plastic, }
some lenses of orangish brown silty fine to
medium sand. } nnnn 100 | SPT
|
Silty fine to medium SAND; brown, very }
loose, brittle, some fine angular mudstone X |
fragments. M |
SILT; with some clay, light yellowish grey, M | 100 | HQ
firm, plastic, some horizons of pinkish grey |
silty sand, occasional 1-2mm@ angular silt * |
fragments. x |
« |
|
x |
x |
<] 100 | PT
]
Trace clay and slightly plastic from 3.50m. x |
x |3 } 110111 100 | SPT
SILT; with trace clay, brownish grey x |
streaked orange, firm, slightly plastic, trace _lx x |
> 4"
fine angular gravels. e " x |
] 100 | HQ
4 x
Some manganese streaks from 4.30m. x T ox |
]
[ x * X }
T 14 | JAGIY] 100 | SPT
1 x
B |
€ S
-2 | Some limonite streaks and larger 1-2cm@ 5 e }
> . x
5 silt fragments from 5.00m. R |
8 _x X | g
« £
- ‘ 3
X X
100 | HQ | =
Progressively grades into a fine sandy SILT; 122 1 } <
firm, brittle, weakly cemented from 5.70mto [~ x Tox | 2
x .
6.00m. AVES | 2
k]! 2
6 x | 2
_x " X | 'C_J
Ty 100 | PT | T
x . x
b |
_Ix X
Fine sandy SILT; greyish brown, very stiff to e }
hard, brittle, occasional 1-3cm@ mudstone
: : 3/11/2/3/3
fragments, occasional lenses of silty fine to ° } 100 | SPT
coarse sand; some weakly cemented. |
Some fine to medium angular gravel from }
7. .
00m | 100 | HQ
|
|
|
|
10 | 3lI212/412 100 | SPT
Heavy limonite staining from 7.80m to I
7.90m. ‘
Poor recovery from 7.95m to 9.00m. }
Fragments of silty fine SAND; brownish —'% |
grey, loose, brittle, weakly cemented. — X |
Suspected fine grained matrix washed away 1% |
during drilling. - % | 54 | HQ
%
[ ] M }
1 |
SILT; with trace fine sand and trace clay, 97>< « X |
brownish grey streaked orange, hard, _x x | 5//3/3/5/7
slightly plastic, trace 1-5mm@ angular e 18\ 82 | SPT
mudstone fragments, some limonite and RV |
manganese staining. s I
Fine sandy SILT; greenish grey, hard, [ 118 — % }
brittle, weakly cemented, trace 1-2cm@ 4 | 100 | HQ
angular gravels, some limonite staining. T |
“Ix x |
STARTED FINISHED
NOTES 22/10/2013 23/10/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO. __
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George
BH13/03
CLIENT Jos No.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1-C0935.25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746105 E 5910797 N 127.65 m 202
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - o CORE DRILLING g
T = z = >
= = = ww
> 0] w | w [C] ol| © S 5s ['4 <
2 =l S 131283 8| 2| £ £ % 2 (38 E, | &
o _ £l g >}ow> = G| 2| oP < |0 | u |2a|89 ux | =8 H
o £ x| T |3!Jbx |6 R | a2 2 |20 |2 Q |Oof | 0F |2
p E E o L mZg X |[XE | § =~ |g0o| o |dx|da| Z we N we
o 5 o § = E2u U(Jﬁu_ a..osdmﬁsw oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearees. DETAILED DESCRIPTION g |oy & |xE|%72| § |85 | =2 |B2
. [N
Fine sandy SILT; greenish grey, hard, HE ;
brittle, weakly cemented, trace 1-2cm@ _x X |
angular gravels, some limonite staining. * | 100 | HQ
X |
Some 1-3mm@ angular gravels from X }
10.50m. N x 12| 313/3/313 100 | sPT
x |
|
Poor recovery from 10.95m to 12.00m. |
Suspected hard fragments of sand in a fine - |
grained matrix washed away during drilling. 7 |
7 |
] | 13 | HQ
[ 116 |
l |
] |
B |
.
SILT; with trace clay, dark grey, hard, 1‘7>< « x | °
plastic, some streaks of fibrous organics, _x X | 5//3/4/3/5 <
occasional 1cm@ mudstone fragments. e " x 15 100 | SPT o
x * X } %
€ N S
= Fine sandy SILT; with trace clay, greenish - HE | Lo
= | grey, hard, brittle to slightly plastic, some xox | %_
8 weakly cemented material, occasional e ™ | Weaki e 12.90m 1 =
- ) | eakly cemented from 12.90m to
1-4cm@ angular mudstone fragments. 13ix i " | 13_00'1)_:_ 67 | HQ g
% |
N |
x |
X * ‘
X |
x4 } 4114141313 67 | SPT
Tx x ‘
14 ]
Becomes greenish grey mottled yellowish N |
brown from 14.00m. 4 ox | Weakly cemented from 14.10m to
HEE | 14.25m.
_x . X |
| 0 | 100 | HQ
MUDSTONE; greenish grey, extremely 7 |
weak, moderately weathered, multiple very — — i |
closely spaced incipient fractures. | MW
B |
- : . 15 I
Fine to medium SAND; dark greenish grey, B |
medium dense, brittle, weakly cemented. _ 23 116//9/5/5/4 68 |spTH—1
- |
1 |
— ‘ 1
[ 112 |
B |
End of Borehole at 15.45m. ] |
164 |
b |
b |
b |
b |
— |
L b |
b |
7 |
7 |
174 |
b |
b |
B |
B |
7 |
[ 110 |
] |
] |
B |
18- |
] |
] |
] |
] |
B |
~ ] |
] |
] |
19| |
] \
| |
i |
| |
| 108 |
] \
i |
|
STARTED FINISHED
NOTES 22/10/2013 23/10/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SyigoLs | CLENT . - JoB No. : BH13/03
Watercare Services Limited 1-C0935.25

Scale 1:33.33



Manuka Reservoirs

Watercare Services Limited

Borehole 13/03

| 0.00m — 2.65m Box 1 of 6 |

| 2.65m — 5.10m Box 2 of 6 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/03
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| 7.60m — 12.00m

Box 4 of 6 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/03
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| 14.50m — 15.45m (E.O.H) Box 6 of 6 |




HOLE No.

BOREHOLE LOG BH13/04

O P U S PROJECT CO-ORD. RL. SHEET

GEOTECHNICAL Manuka Road Reservoirs 1746065 E 5910805 N 122.39 m 10f2

LOCATION REF. GRID DATUM HOLE
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 | """

o
o
'S
o
3

TESTS CORE DRILLING

DIP

PIEZOMETER

DETAILS
INSTRUMENTATION

GEOLOGY/UNIT
R.L. (m)

DEPTH (m)
GRAPHIC LOG
SPT'N' VALUE
SPT BLOW
COUNTS OR
SHEAR VALUE
ROCK STRENGTH
ROCK
WEATHERING
DEFECT SPACING
RQD (%)

TOTAL CORE
RECOVERY (%)
SAMPLE TYPE
DRILLING
METHOD
DRILLING

FLUID LOSS
CASING

BASE OF HOLE

& WATER LEVEL
OTHER

MAIN DESCRIPTION

2

0deg rees DETAILED DESCRIPTION

SILT; with some clay, brown mottled dark
brown, firm, plastic, some 1-2cm@ angular
gravel, some rootlets.

a

Some 2-5cm@ angular concrete fragments
from 0.50m.

Silty CLAY; grey mottled brownish grey and
streaked orange, firm, plastic, occasional
0.5-1cm@ angular gravel.

100 | HQ

Fill
Hand Auger

Some lenses of clay with trace silt from
1.10m.

CLAY; with some silt, grey streaked orange,

firm, plastic. unnnn 100 | SPT

No recovery from 1.95m to 3.00m.
Suspected gravel in the core barrel, fine
grained material washed away.

100 | PT

SILT; with some clay, trace fine sand and
trace fine angular gravel, light brownish grey

streaked orange, firm, slightly plastic. nionn 100 | SPT

Progressively grading into a silty fine SAND; 49 | HQ

loose, brittle, trace 1cm@ angular mudstone
fragments, trace limonite staining by 4.50m.
Fine sandy SILT; with trace fine angular
gravel, brownish grey, firm, brittle.

1/11/1/0/0 100 | SPT

Fine sandy SILT; firm to hard, brittle,
occasional weakly cemented 1-2mm@
lenses of sand.

58 | HQ

Becomes weakly cemented with some % x
limonite staining from 4.80m.

Colluvium
Il
X

HQ Triple Tube Wireline

100 | PT
| 116 x

Fine to medium sandy SILT; grey mottled <X
orange, hard, brittle, weakly cemented from X X 110

2/1/2/3/4
6.80m to 6.95m. e 100 | SPT

Clayey SILT; with trace fine to medium sand
and occasional fine angular gravel, grey,
very stiff, plastic.

100 | HQ

kK X X XI'x

8 | 2/1211/2/3 0 |spPT

X[TX X

[ee]

Fine sandy SILT; grey, hard, brittle, some
1-3cm@ angular mudstone fragments and
lenses of weakly cemented material.
Becomes a silty fine sand from 8.30m.

X
x

100 | HQ

« 117 ou4i3/a/6 100 | SPT

Fine sandy SILT; grey, hard, brittle,

moderately to completely cemented, some
1-3cm@ angular mudstone and silt |
fragments. dx T ox

X X
x

69 | HQ

X

(&PHOTO PAGE) 1-C0935.25 MANUKA ROAD RESERVOIRS GEOTECHNICAL TESTING.GPJ OPUS CHCH DEC12.GDT 13/12/13

BOREHOLE_LOG_A3

STARTED FINISHED
NOTES 30/10/2013 30/10/2013

Single piezometer installed upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd

INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor

LOGGED CHECKED
T Van Deelen A George BH13/04

CLIENT JoB No.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS . L
(2005) Watercare Services Limited 1-C0935.25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746065 E 5910805 N 122.39 m 202
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - o CORE DRILLING g
I = z o E
= = = ww
z o |wl w | Q [3) Sl w wu | <
2 9 3 _x3 |8 2|8 g o ou | b =
> gl o |2130% | 2| 2| & | op 6| £ 2 T W u
[} El 0 |3/80>|FE | = [Ow| w |2a|29 wl | =3 =
o £ z| T |2laEx | @ |5 R 23| 4 |Z0|22| @ |OWM | ©F |x32
pur] E gl o |2 mzg | X |XE| 0 = |go|l o |[9x|d9a| 2 W N = we
o 5 o < = E2u ooﬁu_ a..osdmﬁsw oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |o® 3 |ZEY|Z3| S | 35| =° |52
. [
Fine sandy SILT; grey, hard, brittle, X % x ;
moderately to completely cemented, some xx |
1-3cm@ angular mudstone and silt o | 69 | HQ
fragments. 112 N |
4R
18| 5//3/4/6/5 100 | SPT
|
|
|
|
|
|
| 100 | HQ
|
I Relict fracture, steeply inclined
I dq.); planar, rough, no coating at
| 11.70m.
|
[}
16 } 5//4/3/4/5 100 | SPT %
| £
[ ©
§ ! S
2 | ,;
= | 2
© | =
=
(@] | 100 | HQ | o
| I
|
|
|
|
Clayey SILT; brownish grey, hard, slightly 19, 6ifd/515/6
plastic, moderately to completely cemented, |
some 1-3cm@ angular mudstone and silt | 100 | SPT
fragments. |
|
|
| Two relict fractures, steeply
| inclined dips; planar, smooth, no
| coating at 14.10m and 14.40m.
| 100 | HQ
|
|
| =
[ =
Some lenses of dark greenish grey fine to } S
i from 15.00m.
medium sand 211 611515156 100 | SPT
|
|
— I
B |
B |
End of Borehole at 15.45m. ] |
164 |
b |
b |
| 106 ] }
— |
b |
b |
7 |
7 |
174 |
b |
b |
B |
[ B |
7 |
] |
] |
] |
B |
18- |
] |
] |
| 104 | |
N |
|
] |
] |
] |
19| |
] \
| |
L | |
| |
i |
i |
| |
i |
|
STARTED FINISHED
NOTES 30/10/2013 30/10/2013
Single piezometer installed upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/04
CLIENT JoB NO.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1-C0935.25

Scale 1:33.33



Manuka Reservoirs

Watercare Services Limited O I U S

Borehole 13/04

| 3.50m — 6.50m Box 2 of 6 |




Borehole 13/04

Manuka Reservoirs
Watercare Services Limited O I U S
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| 9.45m — 12.45m Box 4 of 6 |




Manuka Reservoirs
Watercare Services Limited O I U S

Borehole 13/04

| 12.45m — 15.45m (E.O.H) Box 5 of 5 |




BOREHOLE LOG

HOLE No.

BH13/05

O P U S PROJECT

GEOTECHNICAL

Manuka Road Reservoirs

CO-ORD.

1746014 E 5910793 N

RL.

SHEET
121.35m 10f2

LOCATION

See Site Plan

REF. GRID

SM 6472 SO 61159

DATUM HoLE
MSL Akld. 1946

LENGTH

o
o
'S
o
3

R.L. (m)
DEPTH (m)

MAIN DESCRIPTION

GRAPHIC LOG

SPT 'N' VALUE

DIP

SPT BLOW
COUNTS OR
SHEAR VALUE
ROCK STRENGTH
WEATHERING
DEFECT SPACING

ROCK

Odeg rees DETAILED DESCRIPTION

CORE

DRILLING

RQD (%)

TOTAL CORE
RECOVERY (%)

SAMPLE TYPE

PIEZOMETER

DETAILS
INSTRUMENTATION

DRILLING
METHOD
DRILLING

FLUID LOSS
CASING

BASE OF HOLE
& WATER LEVEL|
OTHER

SILT; with trace clay, brown, firm, slightly

X1

N

plastic, abundant rootlets.
SILT; with some clay, brownish grey, firm, i
slightly plastic. 4

Topsoil GEOLOGY/UNIT

X

Clayey SILT; brownish grey streaked
orange, firm, plastic.

| 120

|
K X X XTI XTX[X

SILT; with trace clay, brownish grey with
limonite streaks, firm, slightly plastic,
occasional grey silt streaks. |

XX X[IX

X

X

xx‘x‘x)’(ﬁx‘x‘xxxx

N

Silty fine to medium SAND; with trace fine
angular gravel, brownish orange, very

loose, brittle, some limonite staining. _
Becomes weakly cemented from 2.20m. |

x

SILT; with trace fine sand, brownish grey
streaked orange, firm to stiff, brittle, some
1-5cm@ weakly cemented angular fine sand
with some manganese and limonite
staining.

Silty CLAY; greenish grey mottled brown,

hard silt fragments.

stiff, slightly plastic, trace 1-2mm@ angular <

|

Fine to medium SAND; with trace fine
angular gravels, dark grey, brittle, -
moderately cemented. T
Completely cemented from 4.20m to 4.40m. |

CLAY; with trace silt, firm, plastic,

35

occasional fibrous wood organics.
SILT; with trace clay, light grey, very stiff, B
brittle.
Pockets of hard greyish pink silt from
4.80m.

Some 1-10mm@ angular mudstone
fragments and occasional 5cm long 116
segments of weakly cemented fine to r |
medium sand. ,

Colluvium

Becomes weakly cemented from 5.60m.

Abundant weakly cemented fine to medium
sand fragments from 6.60m to 6.80m.

Clayey SILT; grey, hard, slightly plastic,
trace 1-3mm@ angular gravel.

SILT; with trace fine sand, grey mottled
orangish brown, hard, brittle, some limonite

staining. |
Fine to medium SAND; grey mottle orangish 8+
brown, medium dense, brittle, weakly —

cemented. -4

SILT; with trace fine sand, grey mottled —
orangish brown, hard, brittle, some limonite
staining.

Lenses of greyish pink silt and dark grey
fine to medium sand from 8.80m. 9

| 112

Fine to medium SANDSTONE; extremely —
weak, moderately weathered, limonite -
staining. T

4

8

9

34 8//6/9/8/11

35 7//9/9/6/11

(VAT

1Unnnr2

211212122

411213122

MW

100

HA

Hand Auger

100

SPT

100

HQ

100

PT

100

SPT

100

HQ

100

SPT

100

HQ

100

SPT

100

HQ

100

SPT

100

HQ

100

SPT

26

58

HQ

HQ Triple Tube Wireline

BOREHOLE_LOG_A3 (&PHOTO PAGE) 1-C0935.25 MANUKA ROAD RESERVOIRS GEOTECHNICAL TESTING.GPJ OPUS CHCH DEC12.GDT 13/12/13

NOTES

Borehole was backfilled upon completion.
T. = Topsoil.

STARTED
31/10/2013

FINISHED
31/10/2013

DRILLER
Glen

DRILLING CO.
Drillforce Ltd

INCLINATION/
AZIMUTH -90°

DRILLING RIG
Tractor

LOGGED
T Van Deelen

CHECKED

A George BH13/05

LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES

SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS

CLIENT

Watercare Services Limited

JoB

No.
1-C0935.25

Scale 1:33.33
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BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746014 E 5910793 N 121.35m 202
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - o CORE DRILLING g
I = z o E
= = = ww
> 0] w w o ol| © § w 5s 4 <
AR A SN
4
o A§9>}ow>';, G2 oe < |08 | u 22|29 , | 5% | =2 H
o £ x| I |z JdEx Tl o R 22| 2 |20|2 2 |9k | 92 |x2
'} EE|l o |[Z21m2g | X |XE| O S |30 2 |9 |de| Z | wg N~ we
o 5 o § = E2u U(Jﬁu_ a..os_m_z,w oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |ouw| 3 |zW /o) g | I3 | T ‘n‘ £
SILT; with trace clay, light grey, hard, HE ;
slightly plastic, some 1-2mmd lenses of _x |
dark grey silt. x | 26 | 58 | HQ
B \
|
|
17| 3/11/2/6/6 100 | SPT
Silty fine SAND; light grey, loose to medium % I
dense, brittle, weakly cemented. 114 X I
Streaked purple and brown from 10.90m. > }
Occasional 5¢cm thick layers of clayey silt g4 |
from 11.00m. L1100 4% |
. x | 100 | HQ
Fragments of moderately cemented fine to | I
coarse SAND; with some silt, light grey _ I
streaked brown, medium dense, brittle, | I
some limonite staining. i }
12+ |
i | o
B 25| 71/6/6/6/7 100 |SPT| =
L ] } §
2 ] | 2
= | | 2
© | =
o | I 100 | HQ | &
13 ] | g
i |
| 108 }
] \
i |
- 22 } 7115161516 49 | sPT
] \
Some 1-3cm@ angular fragments of 14— ‘
sandstone from 13.95m. B }
Poor recovery from 14.20m to 15.00m. B |
Fine SANDSTONE; extremely weak, slightly — i |
weathered, suspected fine grained | | 43 | HQ
materials washed away during drilling. | |
- |
B |
B |
. . . 15 |
Fine to medium SAND; grey, dense, brittle, B |
weakly cemented. i 50 16//9/16/19/6 100 | sPT ——
| 106 |
1 |
— I
B |
B |
End of Borehole from 15.45m. ] |
164 |
b |
b |
L b |
b |
— |
b |
b |
7 |
7 |
174 |
b |
b |
| 104 |
B |
7 |
] |
] |
] |
B |
18- |
] |
] |
- ] |
] |
B |
] |
] |
] |
19| |
] \
[ 102 }
] \
i |
i |
| |
i |
|
STARTED FINISHED
NOTES 31/10/2013 31/10/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
T. = Topsoil. Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/05
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SyigoLs | CLENT . - JoB No.
Watercare Services Limited 1-C0935.25

Scale 1:33.33



Manuka Reservoirs
Watercare Services Limited O I U S

Borehole 13/05
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| 3.00m — 5.60m Box 2 of 6 |




Borehole 13/05

Manuka Reservoirs
Watercare Services Limited O I U S

| 8.30m — 11.30m Box 4 of 6 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/05
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| 14.30m — 15.45m (E.O.H) Box 6 of 6 |




BOREHOLE_LOG_A3

(&PHOTO PAGE) 1-C0935.25 MANUKA ROAD RESERVOIRS GEOTECHNICAL TESTING.GPJ OPUS CHCH DEC12.GDT 13/12/13

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1745990 E 5910831 N 120.96 m 10f2
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - o CORE DRILLING g
T = z = >
= = = ww
= o |wl w | Q =] S| w ['4 <
2 S |31 3|5 | 2| & BS| & P og | u =
N =l 2 |21z02 |2 | |3 | op Sk| E 8 iz | g =
[C] El o > 0on> 'q', w| ~ |Ow| w |8a|Q0 U—ﬁ =1 =
o T T |32 JEcx - |23 4 |20|22| Q@ |OF | OoF (x>
p E E o L mZg X |[XE | § =~ |g0o| o |dx|da| Z we N we
o 5 o § = E2u U(Jﬁu_ a..osdmﬁsw oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |ouw| 3 |zW /o) g | I3 | T ‘n‘ £
— SILT; with trace clay, brown, firm, slightly RN ;
8 plastic, abundant rootlets. 7,;, KA |
k5 o] |
et
CLAY; with some silt, brownish grey ‘ 3
) . | =
streaked orange and grey, firm, plastic. El
‘ 100 | HA |
‘ §
‘ T
CLAY; with trace silt, grey streaked orange, I
firm, plastic, occasional specks of white silt. }
|
|
|
n 4 } 1UNNAA 100 | SPT
Some lenses of orangish brown silty fine |
sand with trace clay from 1.80m. }
Some limonite streaks from 2.10m. |
|
Clayey SILT; brownish grey, firm, slightly |
plastic, some lenses of non to weakly | 100 | HQ
cemented silty fine to medium sand with |
manganese staining. }
|
|
|
|
| 100 | PT
|
|
SILT; with some clay and minor fine sand, x |
light bluish grey, stiff, slightly plastic, some x |
1-5mm@ angular silt fragments. x 7 | 2aiizrz 87 | SPT
" |
— |
SILT; with trace fine to medium sand, light x |
grey, firm, brittle, some 1-5mm@ angular silt % |
fragments. 5 : | 100 | HQ
|
Occasional pink and purple streaks of x |
clayey silt from 4.40m. % |
« 14 } LAGTT 100 | SPT
x |
x |
5 .
5 SILT; with some clay, firm, light bluish grey, x | ®
3 slightly plastic, occasional 1-5mm@ angular e | %
O | silt fragments. E | 93 | HQ g
x * x ! 2
i | 2
Clayey SILT; light bluish grey, stiff, plastic. } E
=3
SILT; with trace clay, stiff, slightly plastic, } =
occasional 2-3cm@ hard silt fragments and g
purple streaks. ¢ 8 } sini2rfz 100 | SPT| T
|
|
|
|
|
| 77 | HQ
|
|
|
|
|
|
8 | 2112121212 0 |sPT
|
Some 2-5mm@ angular silt fragments from }
7.95m. |
SILT; with trace fine sand, light bluish grey, |
stiff, brittle. |
Some 1-2cm@ angular weakly cemented | 100 | HQ
sand fragments from 8.40m to 8.50m. }
|
|
|
|
|
Silty CLAY; fight bluish grey, stiff, plastic. 7] 8 | 422122 100 | SPT
|
|
SILT; with trace clay, bluish grey, stiff, |
slightly plastic, 1-3mm@ angular mudstone x o x | 68 | H
fragments. e | Q
= Tx * x ‘
|
STARTED FINISHED
NOTES 5/11/2013 5/11/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/06
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS C“ENGV atercare Services Limited Jos N%C 0935.25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1745990 E 5910831 N 120.96 m 202
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - o CORE DRILLING g
T = z = >
= = = ww
s o |wl w| Q9| 4| 0o S 3> | & =
5 _| 813,528 2 % g & @ oy |k z
o E| o |S/8aS|E| B o |or < |88| uw |2a/29 wg | 58 | =
S) T T |2laex| 2| |6 R |3>3| 2 |20|22| @ |O¥ | ©F |x3
a E o (2 @z ¥ |xi= S |g0| & [3f|da| Z |uw N W
o T E| < ._‘._35 ooﬁE aﬁosdmﬁsw w‘;’: iy Ik
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearees. DETAILED DESCRIPTION g |oy & |xE|%72| § |85 | =2 |B2
. [N
SILT; with trace clay, bluish grey, stiff, X « ;
slightly plastic, 1-3mm@ angular mudstone _x |
fragments. * | 68 | HQ
Some moderately cemented fine to |
mediums sand lenses from 10.30m to |
10.50m. |
Occasional 1-4mm@ angular silt fragments. | 311121212 100 | SPT
CLAY; with some silt, brown, stiff, plastic. }
SILT; with trace clay, stiff, slightly plastic, I
occasional weakly cemented fine to medium I
sand lenses. s ‘
- x ‘
Hia } 100 | HQ
X
Toxo 1
|
|
L |
|
| 2
9 | 313/2/212 100 | SPT| £
| £
| -
g Some 1-3cm@ angular mudstone fragments | 8
S | from 12.50m. | =
= | 2
© | =
108 ¢ =
(&) =% } 57 |HQ | o
1« I
x |
v |
4% |
o |
R |
Fx]e } 211121112 62 | SPT
x
i |
= _x x ‘
149" « |
Some moderately cemented fine to medium :X x |
sand fragments from 14.10m. N |
R |
- - - —{x | 100 | HQ
SILT; with trace fine sand, hard, brittle, | ox |
some 1-2cm@ angular mudstone fragments. Hia |
_x |
106 < ‘
15*>< * ‘
= x |
= 16} 3//1/3/3/9 100 | SPT
x
- x ‘
— I
B |
B |
End of Borehole at 15.45m. ] |
[ 16+ |
b |
b |
b |
b |
— |
b |
b |
7 |
| 104 _ |
174 |
b |
b |
B |
B |
7 |
] |
] |
] |
L 7 |
18- |
] |
] |
] |
] |
B |
] |
] |
[ 102 }
19+ |
] \
| |
i |
| |
i |
i |
| |
i |
= |
STARTED FINISHED
NOTES 5/11/2013 5/11/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/06
CLIENT JoB NO.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1-C0935.25

Scale 1:33.33



Manuka Reservoirs

Watercare Services Limited

Borehole 13/06

| 2.80m — 5.20m Box 2 of 5 |




Manuka Reservoirs

Watercare Services Limited
Borehole 13/06

| 5.20m — 8.80m
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| 8.80m — 11.95m Box 4 of 5 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/06

| 11.95m — 15.45m (E.O.H) Box 5 of 5 |
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BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746025 E 5910818 N 119.20 m 10f2
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - ® CORE DRILLING g
I = z o E
= = = ww
s o |wl w| Q9| 4| 0o S 3> | & =
> S| z TR w =
2 SAEREIS IR IR 2z £ 8 %G, | B
o _ El 0 [S/8n>| F w ,‘f Dip ~ |O%| o |2a|@0 w =3 =
o £ | T |2 x| 2 - |23 4 |20|22| Q@ |OF | OoF (x>
] EE|l o |2/ 02g | X |[XFE| T ~|go| o |[dx|da| 2 we N we
8 & 2 EE3% 8 8% & § 58 3 Eljz3| g &3 =8 Eo
o MAIN DESCRIPTION Al 6 |$ %05 | & 22| & degrees DETAILED DESCRIPTION S k| S K282 S | S= mm O z
> SILT; with trace clay, brown, firm, slightly RN ;
ﬂ plastic, some rootlets. ) |
'9 Fine sandy CLAY; with some silt and trace |
angular fine gravel, greyish brown mottled |
grey and streaked orange, firm, plastic, | o
N N P ()
trace limonite staining. | =3
e CLAY; with trace silt, grey mottled orange, I 100 | HA %
= firm, plastic, trace limonite streaks, trace I ]
; grey silt specks. } I
8 CLAY; with some silt, grey streaked orange, |
firm, plastic, trace limonite staining. }
|
|
} 1/10/1/0/1 44 | SPT
CLAY; with trace silt, bluish grey, firm, |
plastic, trace fibrous organics. }
L |
IS |
g Fine sandy SILT; with trace clay, bluish |
3 | grey,very stiff, slightly plastic, occasional | 100 | HQ
< | 1-2cm@ angular gravel, occasional fibrous S I =
organics. x |
x % |
4 x
Ix 7 o |
2 x |
SILT; with trace fine sand, bluish grey v |
mottled yellowish brown, hard, brittle. [ 116 _|x  x |
] 100 | PT
4% |
o |
IR
x
i |
T K 9 | 3/11/2/3/3 100 | SPT
x  x |
Silty fine SAND; bluish grey, medium dense, 4-] x |
brittle, 50% weakly cemented. 1 |
x
L - « } 100 | HQ
-+ ‘
J.x \
X
By }
SILT; with trace clay, bluish grey, hard, HE 16 | 6114141315 100 | SPT =
brittle, 1-2cm@ angular mudstone x | =
fragments. % | =
x } ;
x | 2 =
Fine SANDSTONE; dark grey, very weak, | } 57 | 100 | HQ E =
slightly weathered, massive. B | < E
°© =
7 ‘ 5 =
- | g E
i | ° =
6 I = E
50 fc =
. 50+ 2r 100 |SPT| £
r b | I
g b |
2 b | SW
5 T |
3 ] |
7 | 100 | 100 | HQ
7 |
7 \
| 112 ] }
B |
B |
Poor recovery from 7.50m to 9.45m. e 23 } 7116/6/5/6
Fragments of 1-4cm@ angular i ° PT
SANDSTONE; dark grey, in a suspected - I 0 s
fine grained matrix that has been washed 4° }
away during drilling. 84 o |
L Je |
1.° }
Jo \ 10 | HQ
1 [
i |
1o I
46 }
9i o |
F10 4o )7 } 3112121112 11 |spT
e \
Fine sandy SILT; bluish grey, stiff, brittle, —% % x }
1-3cm@ angular lenses of weakly cemented XX |
material. e« | 100 | HQ
ISR
x |
STARTED FINISHED
NOTES 6/11/2013 6/11/2013
Multi-level piezometer installed upon completion. DRILLER DRILLING CO.
T. = Topsoil Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/07
CLIENT Jos No.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1-C0935.25

Scale 1:33.33
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BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746025 E 5910818 N 119.20 m 202
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - o CORE DRILLING g
I = z o E
= = = ww
s o |wl w| 2| oo Sl 3> | & =
2 SEREIN IR &5, .8 (| b, &
o _ £l g >}ow> I < |0 | u |2a|89 ux | =8 H
<] £ x| I |z dbx | o L 22| 2 |20 |2 9 |9 | o |x=2
] EFf|l o |[Z/m2zg | ¥ |XE| & ~ |0l o |[dx|9a| 2 |wg N wx
o 5 o § = E2u ooﬁu_ a..osdmﬁsw oz Wiy T
] MAIN DESCRIPTION z 8| & & 635 | 8 22| & |gearesy DETAILED DESCRIPTION g °¥| 3 |&2|&2| S |&=|,*S |Bz
. i
Silty fine SAND; bluish grey, medium dense, BE3 ; .
brittle. L |- X |
4 100 | HQ
X |
Becomes weakly cemented from 10.40m to > ‘
10.50m. 1. | E
4" |16 sisis//3 60 | SPT E
Ix } =
X
Becomes moderately cemented from 11, |
10.95m to 11.20m. 108 | x |
Clayey fine SAND; with trace silt, bluish 1 |
grey, medium dense, slightly plastic, some I
1-5cm@ angular sandstone fragments. } 77 | HQ
|
[
1— |
T |
SILT; with some fine sand, some 1-6mm@d x | °
fine angular gravel and trace clay, bluish L x | 41/3/3/4/4 <
grey, hard, slightly plastic, occasional « 14 | 53 | SPT I
1-3cm@ sandstone fragments. I =
x | >
€ <1 S
s <] ! 5
=) Becomes moderately cemented from | %_
G | 12.70m to 12.80m. x | =
(@] x } 100 | HQ | o
i I
SILT; with some clay and trace fine sand, 106 f Ml |
bluish grey, stiff, slightly plastic, occasional HoEVe |
1-2cm@ moderately cemented sand x o ox |
fragments. T x }
1 x
T 7 L o |sPT
X |
e |
145"
- %
L Ix o |
k]
4% |
e 57 | HQ
_Ix o X |
Ix  x |
x * X ‘
4 x |
15 X |
Silty fine SAND; dark grey, medium dense, R |
; X
brittle, weakly cemented. [ 104 | . 111 5//213/214 100 | sPT ——
4 « |
1 |
— I
B |
B |
End of Borehole at 15.45m. ] |
164 |
b |
~ b |
b |
b |
— |
b |
b |
7 |
7 |
174 |
| 102 ] }
B |
B |
7 |
] |
] |
] |
B |
18- |
] |
[ ] |
] |
] |
B |
] |
] |
] |
19| |
| 100 | |
| |
i |
| |
i |
i |
| |
i |
|
STARTED FINISHED
NOTES
6/11/2013 6/11/2013
Mu_lti—level piezometer installed upon completion. DRILLER DRILLING CO.
T. = Topsoil Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/07
CLIENT Jos No.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1-C0935.25

Scale 1:33.33



Manuka Reservoirs
Watercare Services Limited O I U S

Borehole 13/07
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| 2.80m — 6.00m Box 2 of 5 |




Borehole 13/07

Manuka Reservoirs
Watercare Services Limited O I U S

| 6.00m — 10.50m Box 3 of 5 |

[ 10.50m — 13.95m Box 4 of 5 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/07

| 13.95m — 15.45m (E.O.H) Box 50f 5 |




BOREHOLE LOG

HOLE No.

BH13/08

PROJECT

OPUS

GEOTECHNICAL

Manuka Road Reservoirs

CO-ORD.
1746063 E

5910827 N

RL.

SHEET

122.56 m 105

LOCATION

See Site Plan

REF. GRID

SM 6472 SO 61159

DATUM
MSL Akld. 1946

HoLE
LENGTH

IS
o
o
&
3

MAIN DESCRIPTION

R.L. (m)

DEPTH (m)

TESTS

GRAPHIC LOG

SPT 'N' VALUE
SPT BLOW
COUNTS OR
SHEAR VALUE

ROCK STRENGTH

DIP

WEATHERING
DEFECT SPACING

ROCK

degrees
0 9 90|

DETAILED DESCRIPTION

CORE

DRILLING

RQD (%)

TOTAL CORE
RECOVERY (%)

SAMPLE TYPE

PIEZOMETER

DETAILS
INSTRUMENTATION

DRILLING
METHOD
DRILLING

FLUID LOSS
CASING

BASE OF HOLE
& WATER LEVEL|
OTHER

Silty CLAY; brown mottled light brown, firm,
plastic, abundant rootlets.

Topsoil GEOLOGY/UNIT

CLAY; with some silt, greyish brown
streaked orange, firm, plastic, occasional
2mm lenses of brown, "hard" angular silt
fragments.

CLAY; with trace silt, greyish brown, soft,
plastic with very low remoulded strength.

CLAY; with some silt, light greyish brown,
stiff, plastic, trace 4cm@ lenses of dark
reddish brown, brittle silty fine to medium
sand.

Silty fine to coarse SAND; greyish brown
mottled orangish brown, medium dense,
brittle.

Poor recovery from 3.45m to 4.95m.
Fragments of 10-15cm@, angular, weakly
cemented fine to coarse SAND; in a
suspected fine grained matrix that has been
washed away during drilling.

Clayey SILT; greyish brown, hard, plastic,
some 2-5cm@ angular mudstone fragments
and fine angular and rounded, grey and
green gravels, some limonite and
manganese streaks.

Becomes grey with trace fine sand and no
manganese staining from 5.70m.

SILT; with some fine sand and trace clay,
grey, hard, slightly plastic, some fine to
medium angular, red and green, gravels
and occasional 2-5cm@ weakly cemented
sand lenses.

Fine sandy SILT; dark grey, hard, brittle,
with some fine to medium angular, grey,
green and red, silt gravels.

Poor recovery from 9.45m to 10.5m.
Fragments of moderately cemented fine to
coarse SAND; dark grey, in a suspected
fine grained matrix that has been washed
away during drilling.

©
X

X
%

X

| 4

I
|
|
|
|
|
|
|
t
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
} 1nnnn
|
|
|
|
|
|
|
|
|
|
|
|

20} 5113141518

231 8//6/5/6/6

13

|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 3//3/3/3/4

14

|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 4114151415

|
|
|
|
|
|
|
|
|
|
|
|
|
19 } 4114151416
|
|
|
|
|
|
|

100

HA

Hand Auger

69

SPT

7

HQ

78

SPT

42

HQ

56

SPT

100

HQ

56

SPT

90

HQ

100

SPT

95

HQ

100

SPT

25

HQ

HQ Triple Tube Wireline

(&PHOTO PAGE) 1-C0935.25 MANUKA ROAD RESERVOIRS GEOTECHNICAL TESTING.GPJ OPUS CHCH DEC12.GDT 13/12/13

NOTES

Single

piezometer installed upon completion.

STARTED

16/10/2013

FINISHED
22/10/2013

DRILLER

Billy

DRILLING CO.
Drillforce Ltd

AZIMUTH

INCLINATION/

-90°

DRILLING RIG
Tractor

LOGGED

T Van Deelen

CHECKED
A George

BOREHOLE_LOG_A3

LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES

SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS

CLIENT

Watercare Services Limited

— BH13/08

No.
1-C0935.25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746063 E 5910827 N 122.56 m 205
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 40.58 m
TESTS - ® CORE DRILLING %
I = z o E
= = = ww
> 0] w | w [C] ol| © S 5s ['4 <
NERES IR g2 B, |8 (3| B, | B
o E|l o |$I8aS|E| B 2| DP = 8% &4 |g2a|e8 wg | =3 =
o £z T |Z/aEx|® - |23 4 |20|22| Q@ |OF | OoF (x>
2 EFf|l o |[Z/m2zg | ¥ |XE| & ~ |0l o |[dx|9a| 2 |wg N wx
o _in.§|_‘|_3m00§u_ a..osdmﬁsw oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |o® 3 |ZEY|Z3| S | 35| =° |52
et A
1 x |
_Ix X |
<1 25 | HQ
X |
Fine to medium sandy SILT; dark grey, X }
hard, brittle, some fine to medium angular, 4
grey and green, gravels and occasional )13 } SI3f3/3 82 | SPT
3cm@ weakly cemented sand lenses. * |
N
x |
x |
N
100 | HQ
Becomes a silt with some fine to medium X I
sand from 11.50m. % }
|
|
|
\ 2
10 | 312/2/3/3 76 |SPT| =
| £
Becomes mottled brown from 12.45m to } 2
12.70m with fine to medium angular, dark | 2
grey, gravel from 12.45m. | @
Q
! S
| 100 | HQ | o
| I
|
|
|
|
Fine to medium SAND; dark grey, medium = |
; XX
dense, brittle. 4% 415 anarzia 71 |spT
SILT; with some clay and trace fine sand, X « x |
hard, slightly plastic, some 1-4cm@ angular —x  x I
mudstone fragments. 14, * I
SILT; with trace fine sand, hard, brittle, Tn x M }
some 3-5cm@ angular mudstone fragments. T % |
dIx  ox
Tx x x ‘
108 - % I 100 | HQ
= _Ix o X |
Ix  x |
x * X }
15 <]
Some fine to medium angular to rounded, Iy x M |
grey and green, gravel from 15.00m. 4 18} H13/4/6/5 70 |spTH—
* |
X |
[ |
x
|
x |
X |
| 100 | HQ
S
x
Becomes mottled brown from 16.20m. e }
k]
Clayey SILT; dark grey, hard, plastic. X }
< {20 6/13/5/6/6 42 | spT
x_ % |
% |
|
<
|
SILT; with trace clay, hard, slightly plastic, XX I
with some weakly cemented fine to coarse x o ox I
sand lenses and fine angular grey silt % } 90 | HQ
fragments.
X |
|
x
|
% |
x |
X132 }10//8/8/7/9 44 | SPT
x
|
SILT; with some fine sand, hard, brittle, : }
some 2-6¢m long core segments of |
mudstone and sandstone, trace 1-3cm@ x |
angular mudstone fragments. x |
x | 71 | HQ
M |
|
x |
x |
|
N
20 }10//4/5/5/5 38 | sPT
|
o
STARTED FINISHED
NOTES
16/10/2013 22/10/2013
Single piezometer installed upon completion. DRILLER DRILLING CO.
Billy Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/08
CLIENT Jos No.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1-C0935.25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746063 E 5910827 N 122.56 m 3of5
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 40.58 m
TESTS - ® CORE DRILLING g
T = z = >
= = = ww
= w w | Q =] S| w ['4 <
3 8 |3 =R gl < we | g ® am | W £
s = 2 |F/z02 | 2| B| & &% & 7] E o]
» E| o |SI39g | E| B & | DP Qu 0q 08 v | Y9 g
o ""E-\gf'-’z"’ |5 |94 4 |28(22| o |ou 0% |x>
S EEl a |z, @2% | x (x| 8 < |g5| & |3F|3a| 2 |wk | NF |GE
o 5 o § = E2u U(Jﬁu_ a..osdmﬁsw w‘;’: Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearees. DETAILED DESCRIPTION g oy & |XE|%2| S |53 | f;‘ﬂ‘ 52
SILT; with some fine sand, hard, brittle, L ; 57 | HQ
some 2-6¢cm long core segments of x o x |
mudstone and sandstone, trace 1-3cm@ o |
angular mudstone fragments. M |
| 57 | HQ
S
x |
x |
21 ‘
Fine sandy SILT; hard, brittle, some 1-4cm@ X % X }
angular mudstone fragments. $ 12 1007171715 47 | sPT
:X « X ‘
7>< « X |
L T x |
*;< x x ‘
i R I
7>< % X }
22X % | 100 | HQ
Silty fine to medium SAND; medium dense, a3 |
brittle, some 1-5cm @weakly cemented i X |
lenses, trace fine to medium angular, grey, _x |
green and red, gravel. 100 — x I
L x |
40y |
. 18| 6//4/4/5/5 47 | sPT
- \
231X |
Segment of fine to medium SANDSTONE; SR |
slightly weathered, massive, with some fine x o ox |
to medium angular gravel. x o |
No recovery from 23.60m to 24.50m, "softer A%y |
material" beneath segment of sandstone. " x | 60 | HQ
L T x }
:X x * |
RV |
247
—X X
4 13 } 0//1/0/2/0 67 | sPT
:>< i X |
- |
Poor recovery from 24.50m to 26.00m. |98 :( x x |
Fragments of moderately cemented fine to HEE |
coarse SAND; grey with fine to coarse x % |
angular gravels in a suspected fine grained e X |
matrix that has been washed away during 25— Xy | 30 | HQ
drilling. . x |
% |
—x x |
x * X I
" x |
S e
231 T34 60 | SPT
B |
1!
27AQ
SILT; with trace clay and trace fine sand, O X }
dark grey, hard, slightly plastic, some lenses % x |
of weakly cemented fine to coarse sand, % |
trace fine angular, red, grey and green, M |
gravels, trace 0.5cm to 2cm@ angular | 100 | HQ
mudstone fragments. x |
x |
x |
<]
x
|
x [ 36 | SPT
1
% |
X |
Sl
X
, , ‘ 69 | HQ
Fine sandy SILT; with trace clay, dark grey, x |
hard, slightly plastic, some lenses of weakly x I
cemented fine to coarse sand, trace fine % I
angular, red, grey and green, gravels, trace N I
0.5cm to 2cm@ angular mudstone . }
fragments. - R 50+ fgfqgﬂzn
Some 5-10cm segments of weakly x | 42 | SPT
cemented fine sand and sandstone from . |
28.50m. x |
X
X
% T ‘
1 = |
7>< « X ‘
x ox |
N 100 | HQ
L T < |
X |
Rl X |
[ Vi |
x |
STARTED FINISHED
NOTES 16/10/2013 22/10/2013
Single piezometer installed upon completion. DRILLER DRILLING CO.
Billy Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/08
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS CUENOVatercare Services Limited Jos N$;COQ35 25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746063 E 5910827 N 122.56 m 405
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 40.58 m
TESTS - ® CORE DRILLING %
T = z = >
= = = ww
s o |wl w| Q9| 4| 0o S 2> | & =
2 = 3122838 2 3 £ ¢ 8 R g
o _ £l g >}ow> = G| 2| oP < |0 | u |2a|89 ux | =8 H
o E x| I |3 JdEx | o X | 3>| 4 |20 |2 Q |Oof | 0F |2
2 EFf|l o |[Z/m2zg | ¥ |XE| & ~ |0l o |[dx|9a| 2 |wg N wx
o 5 o &t = E2u ooﬁu_ n..os='5='5w oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |o® 3 |ZEY|Z3| S | 35| =° |52
et A
7>< * X ‘
= 5 % |35 13171818112 31 | SPT
—x x ‘
T x]
MUDSTONE; extremely weak, slightly |92 i ‘
weathered, massive, bluish grey. _ ‘ Fracture, steeply inclined dip;
| glanar, smooth, clay coating at
T | 0.60m. o .
— | Flracture, mo(tjr?ratﬁly |ngllnedtd|p; 38 | 100 | HQ
anar, smooth, silt Coating a
SILT; with some fine sand, greenish grey, 31 X I 50,85&1_ St ing
hard, brittle, some 1-2mm@ sub-rounded _x x |
mudstone gravels. e ‘
« |
TIx X |
I iX x X }
x
—x . x [15 | 7114141413 27 | SPT
Tx x |
30x :
x
Fine SAND; with trace silt, grey, loose, l |
brittle. i |
Becomes weakly cemented from 32.80m. | I
0 - } 100 | HQ
i I
| |
| |
. ' . 33 ‘
Fine to medium sub-rounded gravelly fine to | |
medium SAND; with trace silt, grey mottled | 1/8/9/11/1
greenish grey, medium dense, brittle, 50% | ° 4078/8/9/ / 28 | SPT
weakly cemented. i |
1 |
~ i |
i |
| ° | Relict fracture(?), sub-vertical dip;
i | undulating, rough.
34 | 100 | HQ
4 |
i |
i |
4 e |
| 88 — }
-4 e |27 }6//4/5/8/10 47 | sPT
B |
354 ° |
- |
- |
B a |
- |
— | ) ) . 58 | HQ
Becomes moderately cemented from — | o | Relict fracture(?), sub-vertical dip;
35.50m. i | undulating, rough.
B |
d s |
367 50 +}1 5//18/22/10
i o | for 20mm 63 | SPT
b |
Fine to medium SANDSTONE; with fine to & - } Three fractures, gently to
medium sub-angular to angular gravel, grey, — ] | m%delr?ﬁely '”C“nhed dips; g
extremely weak, slightly weathered. _ | - gg'foﬁllrt\g,sgggrﬁlno coating from
7 |
| | 31 | 100 | HQ
37 |
Silty fine SAND; dense, brittle, weakly x I
cemented. 1 }
Fine to medium SANDSTONE; with fine to - | Fr?jctlurtg, sub-vern;tical dip;tyvav A
medium sub-angular to angular gravel, grey, — | undulating, rough, no coating from
extremely weak, slightly weathered. ] 50+ f205r//7208n/12r% 37.35m to 37458m. 100 | SPT
] | W | sw
B |
38i | Two fractures, steeply inclined
| dips; undulating, rough, no
Fine to coarse SANDSTONE; with some i | coating.
fir)e to 3mmg angular grave!, very wegak, i ° | 68 | 100 | HQ
slightly weathered, progressively grading 84 | I
into a 1-3cm@ sub-rounded to angular - | I
CONGLOMERATE; with some fine to 1 ‘
coarse sand, very weak, slightly weathered. - }
Broken segment of core from 38.60 to B |
39.00m. Suspected very steeply inclined 39— o
fracture. ] 50+} 13%5%1 sw SC | SPT
|
B
i |
| |
~ 4 } 100 | 100 | HQ
] \
i |
°l
STARTED FINISHED
NOTES 16/10/2013 22/10/2013
Single piezometer installed upon completion. DRILLER DRILLING CO.
Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH Tractor
! LOGGED CHECKED
T Van Deelen A George
CLIENT Jos No. g BH13/08
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1 _C 0935.25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746063 E 5910827 N 122.56 m 505
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 40.58 m
TESTS - o CORE DRILLING %
I = z o E
= = = ww
= o |wl w | Q =] S| w ['4 <
3 S 13 3|8 | 2 % wel o @ og | u 5
S T 2 |21z03 |2 | 2|5 x| F 2 I by, | &
o El 0 [S/8n>| F w ,‘f Dip ~ |O%| o |2a|@0 u i1 =
o £z T |Z/aEx|® - 2> 4 |20 (22| @ | OH oz x>
pur] E gl o |2 mzg | X |XE| 0 = |go|l o |[9x|d9a| 2 W N = we
o 5 o § = E2u U(Jﬁu_ a..osdmﬁsw oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearees. DETAILED DESCRIPTION g oy & |XE|%2| S |53 | f;‘ﬂ‘ 52
f
- |
1.° ‘ 100 | 100 | HQ
- | SW
T |
82 - © 50 f
L i 50+ 30 for SC [SPT
7 |
End of Borehole at 40.58m. ] }
414 |
5 \
7 |
7 |
7 |
L N |
] |
N |
] |
b |
42— |
i |
i |
] |
B |
|80 - |
] |
| |
| |
43 |
] \
| |
| |
| |
— | |
| |
| |
| |
44+ |
| |
| |
- |
|78 — }
- |
- |
- |
45+ }
— |
— |
— |
— |
[ = |
- |
= |
e \
46— |
- |
- |
- |
- |
L 76 - \
T |
T |
7 |
7 |
47+ |
7 |
7 |
7 |
7 |
L B |
7 |
7 |
7 |
7 |
48— |
7 |
] |
] |
b |
|74 - |
] |
] |
] |
49 |
] I
| |
| |
| |
- | |
| |
i \
| |
\
STARTED FINISHED
NOTES 16/10/2013 22/10/2013
Single piezometer installed upon completion. DRILLER DRILLING CO.
Billy Drillforce Ltd
| INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
| LOGGED CHECKED
T Van Deelen A George BH13/08
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF svigoLs | CLENT . - JoB No.
Watercare Services Limited 1-C0935.25

Scale 1:33.33



Manuka Reservoirs
Watercare Services Limited O I U S

Borehole 13/08

| 3.45m — 7.50m Box 2 of 11 |




Manuka Reservoirs
Watercare Services Limited O I U S

Borehole 13/08

| 11.5m — 14.65m Box 4 of 11 |




Manuka Reservoirs

Watercare Services Limited O I U S

Borehole 13/08

1 -

=\

E B
o

| 18.00m — 22.50m Box 6 of 11 |




Manuka Reservoirs

Watercare Services Limited O I U S

Borehole 13/08

| 22.50m — 27.00m Box 7 of 11 |

| 27.00m — 31.00m Box 8 of 11 |




Manuka Reservoirs
Watercare Services Limited O I U S

Borehole 13/08

Lerpaite o B i t - AR v,
¥
e

3

\H‘

Box 9 of 11 |

| 34.50m — 38.10m Box 10 of 11 |




Manuka Reservoirs
Watercare Services Limited O I U S

Borehole 13/08

R e

e

aFTLER ELL bR EE 0 ST IR RO S SR G gk e bR RIS

i W

| 38.10m — 40.58m (E.O.H) Box 11 of 11 |
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BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1745933 E 5910849 N 123.61 m 10f2
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - o CORE DRILLING g
T = z = >
= = = ww
= O |wl w | Q ol| © SN s | x <
3 1815 3|8 g ¢ B ¢ 2 ou | £ z
b El o |ZI120Z  E €| o | DIP O o~l08 e | 29 B
o ~ | 8 [> 00 B [ < |Ou| w (22|29 » | 55 Ed S
9 ET|E |z @2% | x [xF| 8 €133 & |52|5a] 2 wh | N2 |Ee
o 5 o § = E2u ooﬁu_ a..osdmﬁsa oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearees. DETAILED DESCRIPTION g oy & |XE|%2| S |53 | f‘;‘ﬂ‘ 52
S SILT; with trace clay, brown, firm, slightly ; §
8 plastic, some rootlets. |
'9 CLAY; with trace silt, light brownish grey |
streaked orange, firm, plastic. |
‘ 5]
‘ E
Trace fine to coarse sand from 0.70m. } 100 | HA g
[=
Silty CLAY; with trace fine to coarse sand, I %
grey mottled orangish brown, firm, plastic. }
|
|
|
CLAY; with trace silt, grey, firm, plastic, }
limonite streaks. RIGLGLE 100 | SPT
|
No recovery from 1.95m to 3.00m. Inferred 2 — }
soft material washed away during drilling. B |
] |
] |
il } 0 | HQ
L ] |
| |
| |
|
Fine to medium sandy SILT; with trace clay, X |
stiff, slightly plastic, occasional 1-4mmQJ x |
angular silt fragments. . | 100 | PT
]
X |
x |5 } 11211 100 | SPT
x
|
X |
x |
<l 100 | HQ
4 x
X X ‘
Clayey SILT; with trace fine to medium X |
sand, firm, plastic. L x—x |
X
—=_x | 4 I o2 100 | SPT
1< ™ B x }
g Silty fine to medium SAND; with some fine 5- x |
5 sub-rounded to angular gravel, dark grey, i X | —
° loose, brittle. _x . |
O 4 | 2
x | 3
- - : aEh 100 | Ha | &
Fine to medium sandy SILT; with trace clay | 118 _* ' | <
and occasional fine angular gravel, bluish x o x | 2
! > x
grey, firm, slightly plastic. A ™ K | 2
x
Tx X I 2
6 <] | S
* P
Ty ! 100|pT| T
M |
7>< X }
Silty fine SAND; bluish grey, loose, brittle, L > |
trace 1-5mm@ silt fragments. %
9 Ty 6 | 11111122 100 | SPT
b X |
4, |
7 \
SILT; with trace clay, bluish grey, stiff, HE |
lastic.
plastic T 100 | HQ
—x X |
x
Ix T ox |
% |
SILT; with some clay and trace fine to |
medium sand, dark bluish grey, stiff, slightly x| 62z 100 | SPT
plastic, some 1-2mm@ angular gravels and x I
mudstone fragments. x }
* \
- x x ‘
SILT; with some fine to medium sand, bluish _x x |
grey, hard, brittle, occasional 1-3cm@ _x x M | 100 | HQ
angular sandstone fragments. L 407 . }
x * |
x |
dIx  ox
9 x |
Fine sandy SILT; bluish grey, hard, brittle. I |
M } 3/12/2/3/4 100 | SPT
Ix 7 x
1 x |
M |
114 |x X v | Two relict fractures, steeply
* x | inclined dg)s: undulating, rough at
T | 9.50m and 9.60m. 100 | HQ
*%( X * ‘
x " x | =
STARTED FINISHED
NOTES 4/11/2013 4/11/2013
Single piezometer installed upon completion. DRILLER DRILLING CO.
T. = Topsoil. Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SyigoLs | CLENT . - JoB No. : BH13/09
Watercare Services Limited 1-C0935.25

Scale 1:33.33




BOREHOLE_LOG_A3 (&PHOTO PAGE) 1-C0935.25 MANUKA ROAD RESERVOIRS GEOTECHNICAL TESTING.GPJ OPUS CHCH DEC12.GDT 13/12/13

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1745933 E 5910849 N 123.61 m 202
LOCATION REF. GRID DATUM HoLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.45m
TESTS - ® CORE DRILLING g
T = z = >
= z -
E w| © q wu | <
z g |5 } 22 | 2 2 2 wE| B am | W E
2 ~ a |2 2| w 2| a >z A T4 = z
5 E|l o |T130% g | 2% | oP o« 0|08 wg | 29 S
=zl 2 12198z 2| 2|5 (2% 4 |25/22| @ |odW | o |x>
o E T > ['4 o s a2 o > = < [+4
= £ w 2 =
5 MAIN DESCRIPTION Al 6 |$ %05 | & 22| & degrees DETAILED DESCRIPTION S k| S K282 S | S= 5 | z
Fine sandy SILT; bluish grey, hard, brittle. HE ; —
X X
b |
X | 100 | HQ
X |
Some 3-5cm@ angular mudstone fragments X }
at 10.50m. 111 | anr333 31 |sPT
x |
|
x
]
x |
% |
‘ } 100 | HQ
X |
Fine to medium SAND; dark grey, medium | I
dense, brittle. i }
.
Fine sandy SILT; bluish grey, hard, trace 12 s ¢ | °
fine to medium angular mudstone xx | 6//3/5/5/6 <
fragments. e ™ 19 | 100 | SPT ‘®
1 x | =
= SILT; with trace fine sand, dark greyish x } 2
= brown, hard, brittle, weakly cemented. x | 2
5 X | %—
© | =
O | Thin carbonaceous streak at 12.90m. : } 100 | HQ 5
I
x |
x |
N
SILT; with trace clay, light bluish grey, hard, x |
slightly plastic.
gntly p 4 17 } 5//3/4/4/6 100 | SPT
X X
47 x |
MUDSTONE; yellowish brown, extremely I Relict fracture surfaces, planar,
weak, highly weathered. % } smooth from 13.95m to 14.10m.
SILT; with trace fine sand, light bluish grey, % |
hard, brittle. M |
o | 0 | 100 | HQ
L |
x |
x |
| =
x | =
x
|
x | 3519/7/8/11/9 100 | SPT ]
% |
|
— I
| 108 | |
B |
End of Borehole at 15.45m. ] }
164 |
b |
b |
b |
b |
— |
~ b |
b |
7 |
7 |
17+ |
b |
b |
B |
7 |
| 106 | }
] |
] |
B |
18- |
] |
] |
] |
] |
B |
[ ] |
] |
] |
19+ |
] \
| |
| |
| |
[ 104 | |
i |
| |
i |
|
STARTED FINISHED
NOTES 4/11/2013 4/11/2013
Single piezometer installed upon completion. DRILLER DRILLING CO.
T. = Topsoil. Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/09
CLIENT JoB NO.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1.C0935.25

Scale 1:33.33



Manuka Reservoirs
Watercare Services Limited O I U S

Borehole 13/09

| 0.00m — 3.50m Box 1 of 5 |

| 3.50m — 6.00m Box 2 of 5 |




Manuka Reservoirs
Watercare Services Limited O I U S

Borehole 13/09

S5 = iy PSS % = A e e

| 6.00m — 9.00m Box 3 of 5 |

=5 G o . 4 ' -

| 9.00m — 12.45m Box 4 of 5 |




Borehole 13/09

Manuka Reservoirs
Watercare Services Limited O I U S

| 12.45m — 15.45m (E.O.H) Box 5 of 5 |




(&PHOTO PAGE) 1-C0935.25 MANUKA ROAD RESERVOIRS GEOTECHNICAL TESTING.GPJ OPUS CHCH DEC12.GDT 13/12/13

BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1745918 E 5910806 N 122.95m 10f2
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 15.42 m
TESTS - ® CORE DRILLING g
T = z = >
= = = ww
] o |wl w | Q =] S| w as ['4 <
: NE-REISEIR AR g e 89 E, g
G El o §10w> 'q', E :2 bip = 85 w gﬁ 29 u.ﬁ Eg =
<] Tzl T |2 dbx | o L 22| 2 |20 |2 9 |9 | o |x=2
] EFf|l o |[Z/m2zg | ¥ |XE| & ~ |0l o |[dx|9a| 2 |wg N wx
o 5 o &t 2w | 9 oﬁ ™ Q 0| = ='E='5 7] oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |ouw| 3 |zW /o) g | I3 | T ‘n‘ £
CLAY; with trace silt, orangish brown, stiff, — ;
plastic, trace rootlets. |
|
|
‘ 5]
CLAY; with some silt, orangish brown I 2
mottled light brownish grey, stiff, plastic, ‘ 100 | HA :
trace white silt specks. } S
T
Minor limonite staining from 1.00m. }
|
|
|
CLAY; with trace silt, light brownish grey }
streaked orange, stiff, plastic, occasional
1-3cm@ angular mudstone fragments and | viniznz 100 | SPT
lenses of silty sand. }
|
Trace fine sand and becomes weakly |
cemented from 2.10m. }
} 100 | HQ
|
|
|
|
|
|
| 100 | PT
|
|
Fine to medium sandy CLAY; with some silt, |
yellowish brown mottled grey } 211212 100 | SPT
|
|
|
| 100 | HQ
|
|
|
I 311211211
€ | 60 | SPT
2 |
2 |
=
s :
© ["MUDSTONE; light orangish brown, i | Relict fracture surfaces; planar to o
extremely weak, highly weathered. | | undulating, rough, limonite £
coatings from 5.20m to 5.50m. 67 | HQ °
No recovery from 5.50m to 6.00m. i } <
Suspected fine grained material washed | | 2
away during drilling. | 2
i | o
— =3
6 } =
[¢]
- 17 | 4/13/3/417 100 | PT I
|
T |
Silty fine SAND; greyish brown streaked > }
orange, medium dense, brittle, trace X
\Iimonite staining. } 100 | SPT
CLAY; with trace silt, brown, hard, plastic, |
blocky/ lensmoidal, some manganese |
\streaks. |
Fine to medium SAND; with some silt and 7 | 100 | HQ
some fine angular gravel, light yellowish 7 |
brown mottled greyish brown, medium 7 |
dense, brittle. X |
SILT; with some clay and trace fine sand, x |92 } 4113121413 100 | SPT
greyish brown streaked orange, hard, |
\slightly plastic, some 1-3cm@ angular silt / |
fragments. [ .
- — | Relict fracture surfaces, heav:
Fine sandy SILT; greyish brown, hard, | limonite staining from 8.00m %
brittle, weakly cemented. | .40m.
Silty CLAY; brown, hard, plastic, blocky/ |
lensmoidal. Ix | 43 | HQ
Silty fine to medium SAND; with some fine _ x I
angular gravel, light brown mottled dark 4x « I
. " N |
greyish brown, medium dense, brittle, trace — |
limonite staining. [ 114 * « |
Occasional streaks of white clay from gi x |
9.00m. 47 15! amizrme
X | 100 | SPT
By |
= \
Becomes weakly cemented from 9.50m. 1.0 |
x
4%y } 78 | HQ
I \
| - X |
STARTED FINISHED
NOTES 1/11/2013 1/11/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/10
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SyigoLs | CLENT ' - Jos NO.
Watercare Services Limited 1-C0935.25

Scale 1:33.33




BOREHOLE LOG

HOLE No.

BH13/10

PROJECT

OPUS

GEOTECHNICAL

Manuka Road Reservoirs

CO-ORD.
1745918 E

5910806 N

RL.

SHEET

122.95m 202

LOCATION

See Site Plan

REF. GRID

SM 6472 SO 61159

DATUM
MSL Akld. 1946

HoLE
LENGTH

o
o
'S
N
3

GEOLOGY/UNIT

MAIN DESCRIPTION

GRAPHIC LOG

R.L. (m)
DEPTH (m)

TESTS

SPT 'N' VALUE

CORE

DRILLING

DIP

SPT BLOW
COUNTS OR
SHEAR VALUE
ROCK STRENGTH
ROCK
WEATHERING
DEFECT SPACING
RQD (%)

0deg rees DETAILED DESCRIPTION

TOTAL CORE
RECOVERY (%)

SAMPLE TYPE

DRILLING
METHOD
DRILLING

PIEZOMETER

DETAILS
INSTRUMENTATION

FLUID LOSS
CASING

BASE OF HOLE
& WATER LEVEL|
OTHER

Silty fine to medium SAND; with some fine
angular gravel, light brown mottled dark
greyish brown, medium dense, brittle, trace
limonite staining.

Becomes non-cemented from 10.50m.

X

[ 112 X

Silty fine to medium SAND; dark greyish
brown, medium dense, brittle, some weakly
cemented lenses of material with
manganese coatings, occasional pockets of
grey clay.

Fine grained material washed away from
11.50m to 12.00m.

12

Fine sub-rounded to angular GRAVEL; with
trace fine sand and trace silt, yellowish
brown, medium dense, brittle.

25 | 4115151718

Colluvium

Fine sub-rounded to angular gravelly fine to
medium SAND; with trace silt, yellowish
brown, medium dense, brittle.

| 110
2

Fine to medium SAND; with trace fine
angular gravel, bluish grey mottled brown,
medium dense, brittle, weakly cemented.

o)

Silty fine to medium SAND; with trace fine
angular gravel, bluish grey, medium dense,
brittle, moderately cemented.

Clayey SILT; bluish grey, hard, slightly
plastic.

Silty fine to medium SAND; with trace fine
angular gravel, bluish grey, dense, brittle,
moderately cemented.

108

|
//5/14/16/1
50+T for 45mm

3/12/3/3/4

\
\
\
\
\
\
\
\
\
\
\
\
10 } 1N/2/314
\
\
\
\
\
\
\
\
\
\
\
\

Very closely spaced relict
fractures; undulating, smooth, clay
coating from 12.90m to 13.00m.

T
]

100

SPT

100

HQ

100

SPT

100

HQ

33

SPT

78

HQ

100

SPT

HQ Triple Tube Wireline

End of Borehole at 15.42m.

106

104

(&PHOTO PAGE) 1-C0935.25 MANUKA ROAD RESERVOIRS GEOTECHNICAL TESTING.GPJ OPUS CHCH DEC12.GDT 13/12/13

BOREHOLE_LOG_A3

NOTES

Borehole was backfilled upon completion.

STARTED
1/11/2013

FINISHED

DRILLER
Glen

1/11/2013
DRILLING CO.
Drillforce Ltd

INCLINATION/

AZIMUTH -90°

DRILLING RIG
Tractor

LOGGED
T Van Deelen

CHECKED
A George

LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES

SEE ATTACHED KEY SHEET FOR EXPLANATION OF svigoLs | CLENT

Watercare Services Limited

— BH13/10

No.
1-C0935.25

Scale 1:33.33



Manuka Reservoirs

Watercare Services Limited

Borehole 13/10

| 0.00m — 3.00m Box 1 of 6 |

’,:Nllnu J

NG

| 3.00m — 6.00m Box 2 of 6 |




Borehole 13/10

Manuka Reservoirs
Watercare Services Limited o I U S

| 8.20m — 11.65m Box 4 of 6 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/10

| 11.65m — 15.00m Box 5 of 6 |

15.00m — 15.45m (E.O.H) Box 6 of 6
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BOREHOLE_LOG_A3_SOILS

BOREHOLE LOG
O P U S PROJECT CO-ORD. R.L. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746226 E 5910756 N 126.49 m 10f2
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 12m
TESTS CORE DRILLING 3
\ 0 4
= = w i =
= O |wl w S| w us 14 <
: SEREIE g8 g 2E E g
> [3 ) < | S04« CPT qc O = o 0o L Wy
(U} s L > 0Own> ow| w (9|3 ] =4 =
o) Tz T |3!3Ex (MPa) 4> 2 |20 24| 9 | OH oZ =
= E gl o |2  mzg <o0| o |dx|da| 2 W< NRE W
2 & & & E3% bE X Bl k3 2 45 =4 £
o MAIN DESCRIPTION ¢ o O |0 wown |, 10 20 qFE| » |0 G| O o o3 oZ
CLAY; with some 1-10cm@ angular gravel, trace silt and trace fine sand, brownish orange, 1
firm, plastic. ‘
E Becomes mottled grey with trace silt and occasional 1-2cm@ angular gravel. 126 }
L ‘ .
! g
CLAY; with trace silt, brownish grey streaked orange, firm, plastic. } 100 | HA §
— |
T
T |
T |
T
| T |
Clayey SILT; with trace fine sand, brownish grey mottled orange, firm, plastic. Hiomaiell }
S 1 3 o 100 | SPT
—X _ X ‘
X " X |
Becomes greyish brown with trace medium sand from 2.00m. 2}< T [
—x - X ‘
I x ‘
x  x \
-1 x
. o - . 124 kx| 100 | HQ
Progressively grading into a silty fine SAND; loose, brittle by 3.00m. P \
Fox — \
% l X [
—+ X —
x % \
L x [
Fine SAND; with trace silt, greyish brown, medium dense, brittle, trace manganese 3 B \
staining. _| \
i \ 100 | PT
, \
L | \
, \
: 10 } 3112/2/313 100 | SPT
] !
SN
g | 100 | HQ
| 122 ] }
Limonite staining from 4.50m to 4.70m. B ‘
8 20 } 5//414/6/6 100 | sPT
5 1]
."c_?s' Some manganese streaks from 4.95m. 5+ \
£ ] |
2 . | 2
_ | =
a . . o — | 100 | HQ | £
3 Becomes yellowish brown with trace limonite staining from 5.50m. B | =
2 . | £
Zz Fine to medium SAND; with trace silt, yellowish brown, medium dense, brittle. : } E
Relict fracture, gently inclined dip; planar, rough, limonite staining at 5.90m. 6— | =
Fine to coarse SAND; with some 1-5mm@ sub-rounded to angular gravel, yellowish brown, - \ 'a
medium dense, brittle, some weakly cemented zones. - 3812//11/8/9/1 100 | SPT| T
* \
120 !
Poor recovery from 6.45m to 7.50m. — — |
Fragments of 1-4cm@ angular weakly cemented SAND; in a suspected fine grained matrix m \
that has been washed away during drilling. n \
B \
B \
7 | 27 | HQ
7 \
7 \
1 \
1 \
| 1 \
B |
Intense zone of limonite staining from 7.70m. ] 37 ‘?3//13/8/8/8 100 | SPT
1 \
Thin streaks of whitish brown clay from 8.00m to 8.50m. 8i }
] \
] \
18 } 100 | HQ
] |
Intense zone of limonite from 8.70m to 8.80m. B \
Becomes brownish grey and weakly cemented from 8.80m. B \
Relict fracture, moderately inclined dip; undulating, rough, limonite coating at 8.90m. 9 }
- 3 } 3//11/0/1/1 100 | SPT
] !
Poor recovery from 9.45m to 10.50m. — - }
Fragments of 1-4cm@ angular weakly cemented SAND; in a suspected fine grained matrix m ‘
that has been washed away during drilling. 7 | 29 | HQ
] !
\
NOTES STARTED FINISHED
8/11/2013 8/11/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
LOGGED CHECKED
T Van Deelen A George
CLIENT JoB NO. . BH13/11
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1 ;0093 5925

Scale 1:33.33
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BOREHOLE_LOG_A3_SOILS

BOREHOLE LOG
O P U S PROJECT CO-ORD. R.L. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746226 E 5910756 N 126.49 m 202
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 12m
TESTS CORE DRILLING 3
\ - o
= = w i =
S O |wl w X| w +4 <
5 S 2/ _x3 we g " am | W £
= £l 2 |3 20% ox | F @ - we T
£ [T} CPT qc ) [Ce} w
(U] S Q |> own> ow | w o 5 = =
o Tzl I |2 Jbx (MPa) 2| 2 |20/22 @ OF | o |x2
| E E o £ mZg 0| o |4 (da| Z2 W < N - we
o Y < || -2 O | = ='||_|—J 45| @ 0z iy Th
3 MAIN DESCRIPTION z 8 8 5885, ., ., .8 3 B2EZ S 33| °° |5
Fine to coarse SAND; with some 1-5mm@ sub-rounded to angular gravel, yellowish brown, | 1
medium dense, brittle, some weakly cemented zones. | ‘
29 | H
‘ Q
116 504 50 for
___ | Fragments of hard angular CONCRETE. i } 75mm 100 | SPT |
Il 1 |
S
O 7 \
g 7 !
o 11+
< 1 |
Q 1 \
© e | 20 | HQ
o l \
c — —
o \
O 7 |
= ] |
i i \
419 ‘
< ‘
] | 2
End of Borehole at 12.00m. Underground service struck. i [ ©
‘ —
L 114 ] \ %
i | 5
| ~
, | ©
- 2
, } =
13— ‘ ¢
] !
, \
, \
L | \
, \
, \
, \
, \
14— |
7 \
. \
| 112 ] }
. \
. \
7 \
7 \
15+ }
- \
= \
= \
~ — \
. \
f \
f \
* \
16— |
T \
* \
* \
110 | }
T \
T \
B \
B \
17— |
T \
T \
1 \
1 \
| 1 \
1 \
1 \
1 \
1 \
18— |
] \
] \
] \
| 108 | |
\
] \
B |
i \
19- |
| !
| \
| \
L | \
, \
, \
, \
, \
\
NOTES STARTED FINISHED
8/11/2013 8/11/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
LOGGED CHECKED
T Van Deelen A George
CLIENT JoB NoO . BH13/11
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1 ;C093 5925

Scale 1:33.33




Manuka Reservoirs

Watercare Services Limited

Borehole 13/11

| 0.00m — 3.00m Box 1 of 4 |

|

LT s s A g L ¢

| 3.00m — 5.80m Box 2 of 4 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/11

— aad s
e s ——n 8 & o w4 128 £ At (R TR I

| 9.45m — 12.00m (E.O.H) Box 4 of 4 |
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746229 E 5910719 N 130.04 m 10f2
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 154 m
TESTS - ® CORE DRILLING %
I = z o E
= = = ww
s o |wl w| Q9| 4| 0o S 3> | & =
2 NN AR LA A
G é o ;‘ow> = E :2 Dip —_ 85 w 9aq |80 U—ﬁ Eﬂ =
o £z T |Z/aEx|® - |23 4 |20|22| Q@ |OF | OoF (x>
2 EFf|l o |[Z/m2zg | ¥ |XE| & ~ |0l o |[dx|9a| 2 |wg N wx
o 5 o § = E2u ooﬁu_ cn..os='m='5w oz Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearoes DETAILED DESCRIPTION g |ouw| 3 |zW /o) g | I3 | T ‘n‘ £
CLAY; with some silt, brown streaked — — ;
orange, firm, plastic, some rootlets. |
|
CLAY; with trace silt, brownish grey mottled ‘ =
orange, stiff, plastic, some 1-4mm@ angular } o
hard silt fragments. >
‘ 100 | HA | £
| e
‘ ©
T
— |
|
Becomes grey mottled orange from 1.20m. }
|
Trace manganese staining from 1.50m. }
| 2innnr 100 | SPT
Silty CLAY; with trace fine to coarse sand, |
brown mottled yellowish brown, firm, plastic, |
some 1-3mm@ angular silt fragments. }
|
Silty fine to medium SAND; brown mottled |
yellowish brown, very loose, brittle, slightly | | 87 | HQ
dilatant in the core box, some 1-3mm@ _ |
angular gravel. 40 }
- \
Lo
] \
4o 100 | PT
1=
Becomes yellowish brown with no dilatancy B |
X
from 3.50m. - 0 } 0//0/0/0/0 100 | SPT
By ‘
|
SILT; with some fine to medium sand and 1126 47 % x |
some clay, light brownish grey, soft, slightly i x |
plastic, trace 1-5mm@ angular silt e | 100 | HQ
fragments. 4 ox M |
— % |
S o]
£ [ Fine to medium SAND; with trace sil, ] 0 } 0/10/0/0/0 71 | SPT
5 greyish brown, very loose, brittle, slightly i |
L | dilatantin the core box from 4.95m to 5 |
> 5.20m. [ — |
% Poor recovery from 4.95m to 6.00m. B |
g . ! £
s | ‘ 3 Ha| &
] | =
[}
i | 2
i | 2
i | o
=3
124 6i } =
- ‘ g
7 | 00| PT | T
b |
SILT; with some fine to medium sand, stiff, HE }
brittle, trace limonite staining. I x |5 | 201112 100 | SPT
T4
Clayey fine SAND; with some silt, yellowish | |
brown, loose, plastic. |
Some limonite staining from 7.20m. T I 100 | HQ
Silty fine SAND; dense, brittle, weakly - } .
cemented. , * Relict fracture, very steeply
| :ncllnetd dlp;tyndulta7t|r‘1 , rough,
Laminae streaks of manganese from 7.60m. 1.~ 1B/112112/18/8 imonite coating at /.49m.
9 ] 150+ for 25mm 100 | SPT
By |
Fine to coarse SANDSTONE; some 1-2cm@ 122 8- |
sub-rounded to angular gravel, brownish i |
grey, extremely weak, moderately | I
cemented, limonite staining. i ‘ o .
i | MW Fre(ajctlurte, moderera]tetly mclll_ned _c{lp;
| undulating, rough, trace limonite
! | coating a?S.SOr%. 78 | 100 | HQ
] |
] |
Fine to medium SANDSTONE; with trace B | Broken core due to drilling from
0.5m-2cm@ angular gravel, brownish grey, 9 | 8.80m to 9.00m.
extremely weak, moderately weathered. - | | 28//35/15
Y Y ] 150+ for 35mm SC | SPT
| |
| | Three closely spaced fractures,
| MW veg/ steeply¥nclined dips;
- | undulating, rough, trace
- manganese coating from 9.30m to 54 | 100 | HQ
4 } 10.05m.
] \
|
STARTED FINISHED
NOTES 7/11/2013 8/11/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/12
CLIENT Jos No.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1-C0935.25

Scale 1:33.33
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BOREHOLE_LOG_A3

BOREHOLE LOG
O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746229 E 5910719 N 130.04 m 202
LOCATION REF. GRID DATUM HOLE
. LENGTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 154 m
TESTS - ® CORE DRILLING %
I = z o E
= = = ww
5 o |wl w | Q ol| © S| w ue ['4 <
S S |31 g3 |&| 2| & gl * ow | W =
= £l o |2130% |2 | Z|& | op o%| & @ T2 e u
[C] El o > 0on> = w a ~ |Ow| w |8a|Q0 uw =1 =
] £ | T |2 dFx| @ |5 |15 a |20 |22| @ |OF | ©OF |(x3
o EEl o |2 @az% | ¥ |xE| 8 S |23 & |3%|Ja| 2 |wk | N& |GE
o 5 o § = E2u U(Jﬁu_ a..osdmﬁsw w‘;’: Wiy T
5 MAIN DESCRIPTION z 4 &% |% %35 |2 28| 4 dearees. DETAILED DESCRIPTION g |oy & |xE|%72| § |85 | =2 |B2
. [N
T
Silty fine SAND; light grey, loose, brittle, 1% |
weakly cemented, abundant 1-3mm@ * % | 54 | 100 | HQ
angular gravel down to 10.30m. % . |
b |
I |
- X ‘
=% 8 4 | 211N 0 |SPT
I }
Fine to 3mm@ GRAVEL; with some silt and 1M1 %] |
some fine sand, grey, loose, brittle. Top 0 |
Progressively grading into a silty GRAVEL; 10 %] |
brown mottled orange, loose, brittle by 4 4 I
11.40m. = } 100 | HQ
SILT; with some 1-3mm@ angular gravel = |
and trace clay, brownish orange, firm, —x |
slightly plastic. o |
No gravel and trace limonite and - x |
manganese staining from 11.40m. 11842+ |
Silty fine SAND; light grey, medium dense, 1.0~ | 2
s brittle, weakly to moderately cemented. I 31 oneiriers SC | SPT I
= 1~ | £
© x | ©
g Toox | o
- =}
I_Io_ Ix | Relict fracture, very steeply L
x | inclined dip; undulatln?, rough, 2
a T'x | trace limonite coating from 12.60m =
=1 1 x to 12.95m. =
=2 . . . ) 134 | 100 | HQ | o
_8 Occasional 2cm thick horizons of some fine [~ kS | T
= angular gravel from 13.00m to 13.50m. _ X | Relict fraqtqre, very steeply
Becomes completely cemented from > | Itpacggeccljadlgbgagwﬁ'gﬁ’1?#%?{1 to
13.20m to 13.40m. 1.~ \ Py s 9 -
x | N g P
— Relict fracture, steeply inclined
. * 503642)1]3{;%’1# 3 dip; undulating, rou ph)f trace
4y } limonite coating at 13.45m. sc | sPT
I \
FIne to coarse SAND; with some silt and 11¢ 4| I
some fine angular gravel, brownish grey, * [
dense, brittle, weakly cemented. * }
4 |
— | 55 | 85 | HQ
Silty CLAY; brownish grey, hard, plastic. I
Fine SANDSTONE; brownish grey, very 7 }
weak, slightly weathered, massive. ] |
—| |
- 15, 50;1@//13/17/14 S
for 25mm
— | SC | SPT[—
- |
Il
[ — |
B |
B |
End of Borehole at 15.40m. ] |
L 1146+ I
b |
b |
b |
b |
— |
b |
b |
7 |
7 |
L 174 |
b |
b |
B |
B |
7 |
] |
] |
] |
B |
| 1128 |
] |
] |
] |
] |
B |
] |
] |
] |
L 19| |
] \
| |
i |
| |
i |
i |
| |
i |
|
STARTED FINISHED
NOTES 7/11/2013 8/11/2013
Borehole was backfilled upon completion. DRILLER DRILLING CO.
Glen Drillforce Ltd
! INCLINATION/ DRILLING RIG
AZIMUTH -90° Tractor
! LOGGED CHECKED
T Van Deelen A George BH13/12
CLIENT Jos No.
LOGGED IN ACCORDANCE WITH NZ GEOTECHNICAL SOCIETY (2005) GUIDELINES SEE ATTACHED KEY SHEET FOR EXPLANATION OF SYMBOLS Watercare Services Limited 1-C0935.25

Scale 1:33.33



Manuka Reservoirs
Watercare Services Limited o I U S

Borehole 13/12

| 3.00m — 6.30m Box 2 of 5 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/12

| 6.30m — 9.26m Box 3 of 5 |

| 9.26m — 13.00m Box 4 of 5 |




Manuka Reservoirs

Watercare Services Limited

Borehole 13/12

PR S——— e —

-
%
-

o v Ll el

[13.00m — 15.40m (E.O.H) Box 50f 5 |




Appendix C
CPT Plots



G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|ON Ph: (09) 950 1919, (021) 191 6000

http://www.g-i.co.nz

Project: 13-101 - Woodlands Park
Location: Titirangi

CPT: CPTO1

Total depth: 8.04 m, Date: 6/11/2013
Cone Type: 10 cm2, 50 MPa, Piezocone
Cone Operator: SP&TP

Cone resistance Sleeve friction Pore pressure u
0 0 0
14 1 14 ; A 4
2 2 2
3 3 3
4 4 4
5 5- 514
T ‘>
6 6  S— 6 p
T !
74 7 74
8 8 8 “'%-
S € S
N~ N~ N
£ 10 S 104 £ 10
Q [a} Q
(] (] (]
O 114 O 114 QO 114
124 12 124
134 13 13+
144 14 14+
15+ 15+ 15+
16 16 16—
174 17 174
18- 18- 18-
194 19 19—
2004——F+—FFT—"+—FT"—"—F—+—F"—F"—F—F—"— 2004——F+—FF—"+"FT"—"—"F—+—F"—F"—F——"—"— 20— T 0 T 0 T
0 5 10 15 20 25 30 35 40 45 50 0 50 100 150 200 250 300 350 400 450 500 0 1,000 2,000 3,000
Tip resistance (MPa) Friction (kPa) Pressure (kPa)

CPeT-IT v.1.7.6.19 - CPTU data presentation & interpretation software - Report created on: 8/11/2013, 11:34:34 a.m.
Project file: C:\Users\Geo01\Desktop\13-100.cpt



G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|ON Ph: (09) 950 1919, (021) 191 6000 CPT: CPT02

http://www.g-i.co.nz Total depth: 11.81 m, Date: 6/11/2013

Project: 13-101 - Woodlands Park Cone Type: 10 cm2, 50 MPa, Piezocone
Location: Titirangi Cone Operator: SP&TP
Cone resistance Sleeve friction Pore pressure u
0 0
24 2+
34 34
4 4
5 5+
6 6
74 74
8+ r= 8
~~~ ~~~ - ~— 9_
E E ° E
5 £ 10 £ 10
Q a Q
(] (] (]
[a) O 114 Q 114
—_
12 124 —
134 134 13+
144 144 14+
154 154 15+
16 16 16—
174 174 174
18- 18- 18-
194 194 19—
20+——7+—"—F"—FFT"T"—FT"—T""——F—"—7 20+——7T—"—F—"—FFT"T"—FT"—T""——F"—"—7 20-1— ; . ; . ;
0 5 10 15 20 25 30 35 40 45 50 0 50 100 150 200 250 300 350 400 450 500 0 1,000 2,000 3,000
Tip resistance (MPa) Friction (kPa) Pressure (kPa)
CPeT-IT v.1.7.6.19 - CPTU data presentation & interpretation software - Report created on: 8/11/2013, 11:34:34 a.m. 2

Project file: C:\Users\Geo01\Desktop\13-100.cpt



G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|ON Ph: (09) 950 1919, (021) 191 6000 CPT: CPTO3

hitp://www.g-i.co.nz Total depth: 2.89 m, Date: 6/11/2013

Project: 13-101 - Woodlands Park Cone Type: 10 cm2, 50 MPa, Piezocone
Location: Titirangi Cone Operator: SP&TP
Cone resistance Sleeve friction Pore pressure u
0 0 0
14 14 14 r h 4
24 24 2+
34 34 34
4+ 4 4
5- 5 5
6 6 6
7 7 7
8- 8- 8-
E E E
£ 10 £ 10 £ 10
Q a Q
(] (] (]
O 114 O 114 Q 114
12 124 12
13 134 13
14 144 14
154 154 15+
16 16 16
17 174 17
18 18- 18
19+ 194 19
20+——7+—"—F"—FFT"T"—FT"—T""——F—"—7 20+——7T—"—F—"—FFT"T"—FT"—T""——F"—"—7 20-1— ; . ; . ;
0 5 10 15 20 25 30 35 40 45 50 0 50 100 150 200 250 300 350 400 450 500 0 1,000 2,000 3,000
Tip resistance (MPa) Friction (kPa) Pressure (kPa)
CPeT-IT v.1.7.6.19 - CPTU data presentation & interpretation software - Report created on: 8/11/2013, 11:34:34 a.m. 3

Project file: C:\Users\Geo01\Desktop\13-100.cpt



G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|ON Ph: (09) 950 1919, (021) 191 6000 CPT: CPTO04

hitp://www.g-i.co.nz Total depth: 8.55 m, Date: 6/11/2013

Project: 13-101 - Woodlands Park Cone Type: 10 cm2, 50 MPa, Piezocone
Location: Titirangi Cone Operator: SP&TP
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G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|ON Ph: (09) 950 1919, (021) 191 6000 CPT: CPTO5
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G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|0N Ph: (09) 950 1919, (021) 191 6000

http://www.g-i.co.nz

Project: 13-101 - Woodlands Park
Location: Titirangi

CPT: CPTO6

Total depth: 19.92 m, Date: 5/11/2013
Cone Type: 10 cm2, 50 MPa, Piezocone
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G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|ON Ph: (09) 950 1919, (021) 191 6000 CPT: CPTO7

hitp://www.g-i.co.nz Total depth: 8.47 m, Date: 5/11/2013

Project: 13-101 - Woodlands Park Cone Type: 10 cm2, 50 MPa, Piezocone
Location: Titirangi Cone Operator: SP&TP
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G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|0N Ph: (09) 950 1919, (021) 191 6000 CPT: CPTOS

hitp://www.g-i.co.nz Total depth: 17.77 m, Date: 6/11/2013
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G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|ON Ph: (09) 950 1919, (021) 191 6000 CPT: CPT09

hitp://www.g-i.co.nz Total depth: 12.20 m, Date: 5/11/2013

Project: 13-101 - Woodlands Park Cone Type: 10 cm2, 50 MPa, Piezocone
Location: Titirangi Cone Operator: SP&TP
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CPeT-IT v.1.7.6.19 - CPTU data presentation & interpretation software - Report created on: 8/11/2013, 11:34:36 a.m. 9
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G ROU N D Ground Investigation
PO Box 21-956, Henderson, Auckland 0650
|NVEST|GAT|ON Ph: (09) 950 1919, (021) 191 6000

http://www.g-i.co.nz

Project: 13-101 - Woodlands Park
Location: Titirangi

CPT: CPT10

Total depth: 6.18 m, Date: 6/11/2013
Cone Type: 10 cm2, 50 MPa, Piezocone
Cone Operator: SP&TP
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Appendix D
Test Pit Logs & Photographs



LOG OF TRIAL PIT

HOLE No.

TP13/01

O P U S PROJECT CO-ORD. R.L. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746118 E 5910826 N 127.55 m 101
LOCATION REF. GRID DATUM TOTAL
. DEPTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 24 m
SOIL TESTS
-
S 0] o
=) 9 > SCALA PENETROMETER o
= —_ w I
] El o | x@ = = 0
o = 1 T oF Blows per 100 mm 2 ” w
@ 4 & = 08 TES = 2
DESCRIPTION ;
© ® Q) O | 20 |y, 46 8101214161820 POX © »
= SILT; with some clay, dark brown, stiff, moist, plastic, some rootlets. RN } } } } } } } } } } }
SILT; with trace clay, brownish grey, stiff, moist, slightly plastic, some rootlets. L |
X [ e e
I S x T O B B A
CLAY; with some silt, grey mottled orange, stiff, moist, plastic, some limonite streaks. — S+ — } } } } } } } } } } } 92/32
41— —] [ e e
41— —] [ e e
H— —] [ e e
14— —| [ e e N N 83/33
S 44— —] [ e e
= 41— — [ e e
; Occasional lenses of brownish orange clayey silt with trace fine sand from 1.20m. | —— [ T R T A B
S ==
—126 | — —| DL | 10808
Silty CLAY; grey mottled orange, very stiff, moist, plastic, some lenses of yellowish brown sandy silt and purple e o [ e e
clay. ] [ A e e R R
e [ e e
Fine sandy SILT; with some clay, yellowish brown mottle purplish grey, hard, moist, slightly plastic. 27X S [ e e UTP Bulk
% x [ N Sample
Fine to medium SAND; with some silt, brownish grey, loose, moist, slightly plastic, weakly cemented. i } } } } } } } } } } }
B [ e e
s B B B B
| m [ e e
End of Test Pit at 2.40m. Material too hard to excavate. : } } } } } } } } } } }
One bulk soil sample taken at 2.0m. i Pl
- [ e e
3— [ e e
- [ e e
N [ e e
i [ e e
i [ e e
_ [ e e
—124 [ e e
i [ e e
i [ e e
[ e e
] [ e e
4- R R R R
B [ e e
7 [ e e
B [ e e
7 [ e e
| m [ e e
* [ e e
a [ e e
- [ e e
E [ e e
[ T O S Y R
SKETCH OF EXPOSURE

TP13/01 - Excavation

TP13/01 - Stockpile

NOTES

Test pit was backfilled upon completion.
SV S23B, Correction Factor 1.337.
T. = Topsoil

LOGGED
T Van Deelen

DATE EXCAVATED
23/10/2013

OPERATOR
Drillforce Ltd

EXCAVATOR

Guideline for the field classification of soil and rock for engineering purposes: NZ Geotechnical Society (2005)
Determination of penetration resistance of a soil, NZS 4402 : 1988, Test 6.5.2
Shear strength using a hand held shear vane: NZ Geotechnical Society (8/2001)

CLIENT
Watercare Services Limited

JoB No.

1-c0935.25 | TP13/01




LOG OF TRIAL PIT

HOLE No.

TP13/02

O P U S PROJECT CO-ORD. R.L. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746095 E 5910773 N 12543 m 101
LOCATION REF. GRID DATUM TOTAL
DEPTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 4m
SOIL TESTS
-
= o 7
2 19 Wz SCALA PENETROMETER - B
] El o |8 5 E o
le) —E~ T T E = Blows per 100 mm x> I o
3 £E & B2 58 ¥ |
w 4 oo TS = <
DESCRIPTION
© ® Q| O | 2O |5, 46 510121416182 POX © @
[ Clayey SILT; brown, firm, moist, slightly plastic, abundant rootlets. NN T T T T T 1T 1T T T
SILT; with some clay, brown, stiff, dry, plastic, some 10-30cm@ angular grey boulders. } } } } } } } } } } }
i T O B B I
[ e
CLAY; with trace silt, grey mottled orange, very stiff, dry, plastic, trace limonite. } } } } } } } } } } } 87/33
1— — [ e
4— —] [ e
4— —| [ e
14— —| e 112/60
14— — [ e
J— —] [ e
11— —] [ e
124 + — - [ e
B | —] [ e
Occasional lenses of brown silt from 1.50m. = —] e 120/64
|~ —| [ e e
11— —] I A A S A A
g [ e e
SILT; with some clay, greyish brown mottled orange, stiff, moist, slightly plastic, trace limonite staining. 27* " } } } } } } } } } } } 74/33 Bulk
x X Sample
E e X« [ e
3 T x [ e
> T [ e
- xox [ e
© T X« [ e 74/28
- x e
+~ [ e
I 7 x [ A O
a4 % [ e
: : S— : 3L O O R YV 0
Clayey SILT; brownish grey streaked orange, stiff, moist, slightly plastic. Havel Pl
= [ e
Occasional lenses of weakly cemented fine sand and trace limonite staining from 3.20m. & < Coror
x T e A A A A
122 T I R
— N/A
T I A
B [ e
I x [ e
2 [ e e
[ AR [ e Bulk
4 (s B B s B N (/L B ampl
1 [ e
End of Test Pit at 4.0m. Target depth reached. i Porb
Two bulk soil samples taken at 2.0m and 4.0m. ] } } } } } } } } } } }
1 [ e
N [ e
B [ e
- [ e
- [ e
Lo
SKETCH OF EXPOSURE

TP13/02 - Excavation

TP13/02 - Stockpile

NOTES

Test pit was backfilled upon completion.

SV S23B, Correction Factor 1.337.
T. = Topsoil

LOGGED
T Van Deelen

DATE EXCAVATED
23/10/2013

OPERATOR
Drillforce Ltd

EXCAVATOR

Guideline for the field classification of soil and rock for engineering purposes: NZ Geotechnical Society (2005)

Determination of penetration resistance of a soil, NZS 4402 : 1988, Test 6.5.2
Shear strength using a hand held shear vane: NZ Geotechnical Society (8/2001)

CLIENT
Watercare Services Limited

JoB No.

1-c0935.25 | TP13/02




LOG OF TRIAL PIT

HOLE No.

TP13/03

o P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746040 E 5910779 N 119.83 m 101
LOCATION REF. GRID DATUM TOTAL
; DEPTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 3m
SOIL TESTS
-
= O] (7]
2 9 > SCALA PENETROMETER - o
o El o 9 = E »
o = | T SE Blows per 100 mm 2 ” w
o 4 % = |03 TEL = Z
DESCRIPTION ;
© ® Q| O | 2O |5, 46 510121416182 POX © i
= Clayey SILT; brown, stiff, moist, plastic, abundant rootlets. | N } } } } } } } } } } }
A\
CLAY; with some silt, grey mottled orange, stiff, moist, plastic, occasional limonite streaks. AE—_ } } } } } } } } } } }
1T ] I
iy il [ e 86/38
1] [ e e e
1 ] [ e e
| R il [ e e
~4— | [ e e Bulk
Some 1-3mm@ grey clay fragments from 1.00m. 1i: - — } } } } } } } } } } } 96/43 Sample
A4 —] [ e e
i [ e e
c 4 [ e
= I [ e e 104/37
= Clayey SILT; with trace fine sand, light greyish brown streaked orange, stiff, moist, slightly plastic, occasional Rl [ A O A
= fine angular grey clayey silt fragments. x__x [ e e
2 IF T e A A A A
© 118 T I R R A
ZjTT e Bulk
Clayey SILT; with trace fine sand, greyish brown streaked orange, very stiff, moist, plastic, some limonite i . Sample
streaks. e [ e
107 [ e e
T x [ e e
=X [ e e
Tx— x [ e 187+
L [ e e e
Fine SAND; with fine to medium gravel, brown, loose, moist, brittle, moderately cemented. I | } } } } } } } } } } }
B 4 T O B B A
3 R L uTP
4 [ e e
i [ e e
End of Test Pit at 3.00m. Material too hard to excavate. i [ T R T A B
Two bulk soil samples taken at 1.0m and 2.0m. i e
_| [ e e
il R
i [ e e
i [ e e
—116 [ e e
] [ e e
4- R R R R
B [ e e
7 [ e e
B [ e e
7 [ e e
— [ e e
* [ e e
a [ e e
| - [ e e
E [ e e
Lo
SKETCH OF EXPOSURE

TP13/03 - Excavation

TP13/03 - Stockpile

NOTES

Test pit was backfilled upon completion.
SV S23B, Correction Factor 1.337.
T. = Topsoil.

LOGGED
T Van Deelen

DATE EXCAVATED
21/10/2013

OPERATOR
Drillforce Ltd

EXCAVATOR

Guideline for the field classification of soil and rock for engineering purposes: NZ Geotechnical Society (2005)
Determination of penetration resistance of a soil, NZS 4402 : 1988, Test 6.5.2
Shear strength using a hand held shear vane: NZ Geotechnical Society (8/2001)

CLIENT
Watercare Services Limited

JoB No.

1-c0935.25 | TP13/03




HOLE No.

LOG OF TRIAL PIT TP13/04

O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746002 E 5910790 N 123.12 m 101
LOCATION REF. GRID DATUM TOTAL
\ DEPTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 4m
SOIL TESTS
-
= ) »
=) S = SCALA PENETROMETER »
> B ) = w P
o s I T DkE Blows per 100 mm x> o o
o 4 o é o] F4 we o T =
6 DESCRIPTION = & & =3 0 2 4 6 8 10 12 14 16 18 20 a0 5 &
%) SILT; with trace clay, brown, stiff, moist, slightly plastic, some rootlets. R T T T T T T 1T T T
- ok
CLAY; with some silt, very stiff, moist, plastic, some limonite staining. [ Ep—— [ T e N T
- — [ e e e
Silty CLAY; with trace fine sand, light brownish grey mottled orange, very stiff, moist, slightly plastic, trace e } } } } } } } } } } } 147128
1-3mm@ grey clay fragments. X Dol
T =] [ e e e
Hx— =] [ e e e Bulk
—X — I
1= } I R } 123/48 Sample
=122 T 2
P [ e e e
x— x| [ e e e
1= e
ST w _ i i _ X — [ e e e 117/40
; with some clay, orange mottled grey, very stiff, moist, slightly plastic. i [ (O A R |
x> [ e e e
I * I O N
AN [ e e e
1« [ e e e Bulk
Some lenses of 1-5mm@ fine to coarse sandy clay from 2.00m. 2 i } } } } } } } } } } } 131745 Sample
B x x
Silty CLAY;, grey mottled orange, very stiff, moist, plastic. e .
=
il
X X T
Some limonite staining and some 1-3mm@ angular mudstone fragments from 2.50m. Aot } } } } } } } } } } } 158/56
=] R N B R
X T [ e e e
Sl I I e R
3= R 140/48
| X [ e e
120 R o Sy [ e e e
[ St [ e e
e [ e e e
< | [ e e e
CLAY; with some silt, light grey mottled orange, stiff, moist, plastic. | p— O O O 106/32
- — - [ e e e
- — [ e e e
o [ e e e
A o
4 T T T T T T T T T T 39143
- ] [ e e e
End of Test Pit at 4.0m. Target depth reached. i Lo b
Two bulk soil samples taken at 1.0m and 2.0m. i } } } } } } } } } } }
7 [ e e e
b [ e e e
a [ e e e
f [ e e e
- [ e e e
N O S
SKETCH OF EXPOSURE
TP13/04 - Excavation TP13/04 - Stockpile
LOGGED DATE EXCAVATED
NOTES T Van Deel 21/10/2013
Test pit was backfilled upon completion. an beelen
SV S23B, Correction Factor 1.337.
T.S = Topsoil OPERATOR EXCAVATOR
Drillforce Ltd
Guideline for the field classification of soil and rock for engineering purposes: NZ Geotechnical Society (2005) CLIENT JoB No.
Determination of penetration resistance of a soil, NZS 4402 : 1988, Test 6.5.2 . s _ TP13/04
Shear strength using a hand held shear vane: NZ Geotechnical Society (8/2001) Watercare Services Limited 1-C0935.25




LOG OF TRIAL PIT

HOLE No.

TP13/05

O P U S PROJECT CO-ORD. R.L. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746016 E 5910837 N 120.95 m 101
LOCATION REF. GRID DATUM TOTAL
. DEPTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 4m
SOIL TESTS
-
= (V] (7]
2 9 = SCALA PENETROMETER - B
> B ) = w P
Q - 5] x= [0} [ w
o = T Dk Blows per 100 mm I I o
- §, |:|_: o '0_, (=] =3 E w o
6 DESCRIPTION = & & =3 0 2 4 6 8 10 12 14 16 18 20 a0 5 &
%) Clayey SILT; brown, firm, moist, slightly plastic, abundant rootlets. R T T T T T 1T 1T T T
- 27 I AR R
Silty CLAY; grey streaked orange with limonite, stiff to very stiff, moist, plastic, some rootlets. fi:ri, e
T X [ e e e
TR o 142086
poiatin [ e e e
X [ e e e
== b
X X
CEE ]
X = \ \
- - - - - ol [ e e e
Silty CLAY; with trace fine sand, greyish brown mottled orange, stiff, wet, plastic, some 4mm@ max lenses of Ik [ T R T A B
clay, silt and grey sandy clay, trace limonite and manganese streaks. = = I T T A A O B
T
1 [ e e e 87/21
i piioanain [ e
T G
[Pty [ L e A B
=7 \ e
S - 5 jalliommalin [ e e 64/25 Bulk
E Clayey SILT; with trace fine sand, brownish grey, stiff, wet, plastic, some pockets of whitesh grey silty sand and e \ e Sample
= trace 5Smm@ max. "hard" angular silt fragments. x \ L
5 R \ e
O T [ A e N N
T | N
T e [ I e N/A
T [ e e e
1 % [ e e
- x [ e e e
Clayey SILT,; with trace fine sand, greenish grey, very stiff, wet, slightly plastic, some 1-2cm@ lenses of weakly 1 183:5 x 2= } } } } } } } } } } } 104/35
cemented pink and brown fine to coarse sand, trace limonite and manganese staining. V. N R
P [ e e e
x__x [ e e e
5 = [ e e e
I'=r L] gms
Some 4-5cm@ "hard" angular mudstone fragments from 3.50m. o O O O
= [ e e e
e [ e e e
X X
1= [ e e e
- ok T o Bulk
4 B B N L1 (27 ampl
] [ e e e
End of Test Pit at 4.0m. Target depth reached. i Lo b
Scala-penetrometer test undertaken from 1.60m to 2.50m. ] Lo
Two bulk soil samples taken at 2.0m and 4.0m. H } } } } } } } } } } }
b [ e e e
a [ e e e
f [ e e e
[ e e e
—116 R T S R S N B
SKETCH OF EXPOSURE
TP13/05 - Excavation
LOGGED DATE EXCAVATED
NOTES T Van Deel 22/10/2013
Test pit was backfilled upon completion. an beelen
SV S23B, Correction Factor 1.337.
T.S = Topsoil. OPERATOR EXCAVATOR
Drillforce Ltd
Guideline for the field classification of soil and rock for engineering purposes: NZ Geotechnical Society (2005) CLIENT JoB No.
Determination of penetration resistance of a soil, NZS 4402 : 1988, Test 6.5.2 . s _ TP13/05
Shear strength using a hand held shear vane: NZ Geotechnical Society (8/2001) Watercare Services Limited 1-C0935.25




LOG OF TRIAL PIT

HOLE No.

TP13/06

o P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746051 E 5910832 N 122.03 m 101
LOCATION REF. GRID DATUM TOTAL
. DEPTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 4m
SOIL TESTS
-
= o 7]
2 - 9 = SCALA PENETROMETER - o
> El o | ®O = = 0
o £ x| I SE Blows per 100 mm 2 ” w
3 SE % B8 58 -
o) ©
g DESCRIPTION n_:l g © 28 0 2 4 6 8 1012 14 16 18 20 55& 5 %
%) Clayey SILT; brown, firm, moist, slightly plastic, abundant rootlets. — R T T T T T 1T 1T T T
= R [ A e e R R
= - [ e e e
SILT; with some clay, greyish brown streaked orange, very stiff, moist, slightly plastic, some lenses of 1-4cm@ L [ T e N T
angular grey silt and "hard" mudstone fragments. . x [ T e N T
7 x oL | 123/33
b [ e e e
x x
Clayey SILT; with trace fine sand, greyish brown streaked orange, stiff, moist, slightly plastic, some 0.5-1cm@ Havel } } } } } } } } } } }
angular "hard" grey mudstone fragments. xx Dol
L x __
I P R [ e e e 62/20
S = = I I I R
= -
E ¢ IR
o) Silty CLAY; with trace fine sand, brownish grey streaked orange, very stiff, moist, plastic, trace limonite and Hag [ O O B
O | manganese staining. e I A O A R R R
% T [ e e e
Hiolantie [ e e
ox - [ A e e R R
jaliommalin [ e e
=] I I I R Bulk
CLAY; with trace silt, grey and brownish grey, very stiff, moist, plastic, occasional 1-2cm@ angular mudstone 1202 T . 1247 Sample
fragments, some limonite and manganese staining. it .
Clayey SILT; with trace to medium sand, greenish grey, very stiff, moist, plastic, some fibrous wood organics, B aouiall } } } } } } } } } } }
some limonite staining, trace white pumiceous specks. P Dol
mi bbb ] 130/48
<X [ e e e
= 4 e [ e e
S S [ e e
s T A e
= 3, = [ e e 115/28
< “x T x [ e e
€ rx [ e e
% Fine sandy CLAY; with some silt, greenish grey, stiff, wet, plastic, some lenses of pinkish brown silty fine sand [ Sp—— [ T e N T
3 and silt, trace white pumiceous specks. [ p— N R
x e [ R N/A
iy [ e e
iy [ e e
iy [ e e e
iy [ e e
ey I Bulk
—T184 T T T T T T T T T _6OUNA ampl
] [ e e
End of Test Pit at 4.0m. Target depth reached. i Lo b
Two bulk soil samples taken at 2.0m and 4.0m. i Lo
Minimal seepage observed from 2.20m to 4.0m. H } } } } } } } } } } }
b [ e e
a [ e e
f [ e e
- [ e e
[ T O S Y R
SKETCH OF EXPOSURE

TP13/06 - Excavation

TP13/06 - Stockpile

LOGGED DATE EXCAVATED
NOTES T Van Deel 22/10/2013
Test pit was backfilled upon completion. an beelen
SV S23B, Correction Factor 1.337.
T.S = Topsoil. OPERATOR EXCAVATOR

Drillforce Ltd

Guideline for the field classification of soil and rock for engineering purposes: NZ Geotechnical Society (2005) CLIENT JoB No.
Determination of penetration resistance of a soil, NZS 4402 : 1988, Test 6.5.2 . s _ TP13/06
Shear strength using a hand held shear vane: NZ Geotechnical Society (8/2001) Watercare Services Limited 1-C0935.25




Appendix E
Hand Auger Logs



LOG OF AUGER HOLE

HOLE No.

HA13/01

O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1745935 E 5910829 N 122.30 m 101
LOCATION REF. GRID DATUM TOTAL
. DEPTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 3m
SOIL TESTS
-
S 0] n
=] 9 > SCALA PENETROMETER - s
> B Bo = u n
Q = =} x= o [ w
o T T I 2k Blows per 100 mm x> I |
2 S % 3|83 ves | I | 2
DESCRIPTION ; o
© ® Q| O | 2O |5, 46 510121416182 POX © i
. Clayey SILT; brown, stiff, moist, plastic. R T T 1T T T T 1T T 71
- R A R A I B
= [ T N A
CLAY; with some silt, brownish grey streaked orange, stiff, wet, plastic, trace limonite staining. —122 - T T I O T B
- — N e e e A A R A
T Sl | 8018
+ — R
Silty CLAY; brownish grey streaked orange, stiff, wet, plastic, trace limonite staining. ;:ri* } } } } } } } } } } }
B —x
4 [ T N N R A
- . . . 1= L] 9044 Contam
CLAY; with some silt, grey streaked orange, stiff, wet, plastic. —_ oo Sample
T [ T N N R A
| i [ T N N R A
I [ L e e e
€ A T T Y I PV
= N [ T N N R A
g [ [ T N N R A
8 Trace limonite specks from 1.75m. T } } } } } } } } } } }
T [ T N N R A
20— oLl | 8944
CLAY; with some silt and occasional fine sand, greyish brown, stiff, wet, plastic. Some limonite staining. 1——] } } } } } } } } } } }
=120 - — 7 [ T N N R A
S — [ T N N R A
T ] ol | 65045
Silty CLAY; with some fine sand, greenish grey, stiff, wet, plastic, trace fine silt fragments. }:ri* } } } } } } } } } } }
N alivgnalin T A T A A
T x [ T N N R A
3 = b 77735 Contam
i I O A ampl
_ [ T N N R A
End of Hand Auger at 3.00m. B i [ O A O B
Two contamination samples obtained from depths of 1.0m and 3.0m. i T T I O T B
_ [ T N N R A
| [ T N N R A
B [ T N N R A
i [ T N N R A
[ T N N R A
1 [ T N N R A
4- Dol
B [ T N N R A
7 [ T N N R A
—118 I O A O A
7 [ T N N R A
n [ T N N R A
! [ T N N R A
- [ T N N R A
- [ T N N R A
= [ T N N R A
| 1 1 1 1 1 1 1 1 1 |
SKETCH OF EXPOSURE
LOGGED DATE EXCAVATED
NOTES T Van Deel 4/11/2013
Hand auger was backfilled upon completion. an beelen
SV Ge0954, Correction Factor 1.478.
T. = Topsoil. CHECKED BY: EXCAVATOR
Opus International Consltants
Ltd
Guideline for the field classification of soil and rock for engineering purposes: NZ Geotechnical Society (2005) CLIENT JoB No.
Determination of penetration resistance of a soil, NZS 4402 : 1988, Test 6.5.2 . s _ HA13/01
Shear strength using a hand held shear vane: NZ Geotechnical Society (8/2001) Watercare Services Limited 1-C0935.25




LOG OF AUGER HOLE

HOLE No.

HA13/02

O P U S PROJECT CO-ORD. R.L. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746024 E 5910817 N 119.15m 10f1
LOCATION REF. GRID DATUM TOTAL
. DEPTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 2m
SOIL TESTS
-
S 0] n
=] 9 > SCALA PENETROMETER - s
> B 4] = w »
(O] = o xx o = w
o = I 2k Blows per 100 mm I I |
- §, |:|_: o |U_) (=] =3 E w o
2 4 & = 08 TEL = =
DESCRIPTION ; o
© ® Q) O | 20 |y, 46 8101214161820 POX © »
= SILT; with some clay, brown, firm, moist, slightly plastic. R \ } } } } } } } } } \
- \ \
/ A A
Clayey SILT; brownish grey streaked orange, stiff, wet, slightly plastic. Nl } } } } } } } } } } }
T== I R Contam
CLAY; with some silt and trace fine to medium sand, grey mottled brown, very stiff, wet, plastic. S+ — } } } } } } } } } } } N/A Sample
S [y T A T A A
T—— T A T A A
c 4 A O e A A A B
=) 14— —| e 124/46
= — I N N R N
= Bl —— BN
8 Clayey SILT; brownish grey, stiff, wet, slightly plastic, trace limonite streaks. Nl [ O A O B
IR
X X
X [ I e e 77131
X X
= [ I e e
Silty CLAY; greenish grey, stiff, wet, plastic. ey [ A E O R N
x| [ I e e
) R S [ I e e Contam
2 B B N1/ amol
| B [
End of Hand Auger at 2.00m. i bbb
Two contamination samples obtained from depths of 0.5m and 2.0m. i } } } } } } } } } } }
- [ I e e
B [ e e e e e
- [ I e e
B [ I e e
B [ I e e
3 [ I e e
- [ I e e
—116 A O e A A A B
_ [ I e e
_ [ I e e
_ [ I e e
| [ I e e
B [ I e e
i [ I e e
[ I e e
N [ I e e
4- R
| B [ I e e
B [ I e e
B [ I e e
7 [ I e e
- [ I e e
B [ I e e
- [ I e e
B [ I e e
- [ I e e
| | | | | | | | | | |
SKETCH OF EXPOSURE
LOGGED DATE EXCAVATED
NOTES T Van Deel 4/11/2013
Hand auger was backfilled upon completion. an beelen
SV Ge0954, Correction Factor 1.478.
T. = Topsoil. CHECKED BY: EXCAVATOR
Opus International Consltants
Ltd
Guideline for the field classification of soil and rock for engineering purposes: NZ Geotechnical Society (2005) CLIENT JoB No.
Determination of penetration resistance of a soil, NZS 4402 : 1988, Test 6.5.2 . s _ HA13/02
Shear strength using a hand held shear vane: NZ Geotechnical Society (8/2001) Watercare Services Limited 1-C0935.25




LOG OF AUGER HOLE

HOLE No.

HA13/03

O P U S PROJECT CO-ORD. RL. SHEET
GEOTECHNICAL Manuka Road Reservoirs 1746091 E 5910812 N 127.62 m 101
LOCATION REF. GRID DATUM TOTAL
. DEPTH
See Site Plan SM 6472 SO 61159 MSL Akld. 1946 3m
SOIL TESTS
-
= ] (7]
2 - 9 = SCALA PENETROMETER - s
o] E o | ko = i ”
o = | T |2E Blows per 100 mm 2 ” u
o 4 & = 08 TES = 2
DESCRIPTION '
© ® Q) O | 20 |y, 46 8101214161820 POX © »
Silty CLAY; brownish grey, stiff, moist, plastic. Egiica T T T T T T T T
 Samiieva [ T N R
7?4X*><7 [ T N A
A [ T N N R A
CLAY; with some silt, dark brownish grey streaked orange, firm to stiff, moist, plastic. e } } } } } } } } } } } 80/27
- T I
41— —] I A
41— —] T e A A A A
14— —] T e A A A A Contam
1-{— —| [ e e e e e 47/15
I E— N Sample
— [ T N N R A
e Fine sandy CLAY; with some silt, brownish grey streaked orange, stiff, wet, plastic. Jp—_ [ O A O B
=] N I R O A N B
> iy [ T N N R A
= T I N N I 95/34
Q 126 - — T O B B I
© 1 I O N
Fine sandy SILT; with some clay and trace coarse sand, brown, stiff to very stiff, wet, slightly plastic, trace fine N [
angular gravels. xox [
27 oL | 18022
Tox [ T N R
s . X [ T N N R A
TIx X [ T N N R A
T T O R
- x [ T N N R A 90/43
- - % x [ T N A
—x x [ T N N R A
A4 Xy T e A A A A
- % [ T N N R A
g x X b 10443 Contam
4 N Y A ampl
_ [ T N N R A
End of Hand Auger at 3.00m. i [ O A O B
Two contamination samples obtained from depths of 1.0m and 3.0m. i T T I O T B
_ [ T N N R A
| [ T N N R A
—124 I
i [ T N N R A
[ T N N R A
1 [ T N N R A
4- R
B [ T N N R A
7 [ T N N R A
7 [ T N N R A
7 [ T N N R A
n [ T N N R A
- ! [ T N N R A
- [ T N N R A
- [ T N N R A
= [ T N N R A
| 1 1 1 1 1 1 1 1 1 |
SKETCH OF EXPOSURE
LOGGED DATE EXCAVATED
NOTES T Van Deel 4/11/2013
Hand auger was backfilled upon completion. an beelen
SV Ge0954, Correction Factor 1.478.
CHECKED BY: EXCAVATOR
Opus International Consltants
Ltd
Guideline for the field classification of soil and rock for engineering purposes: NZ Geotechnical Society (2005) CLIENT JoB No.
Determination of penetration resistance of a soil, NZS 4402 : 1988, Test 6.5.2 . s _ HA13/03
Shear strength using a hand held shear vane: NZ Geotechnical Society (8/2001) Watercare Services Limited 1-C0935.25




Appendix F
Laboratory Testing Results



PLASTICITY INDEX
TEST REPORT 0 P U S
Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated
Sampled by: Tom Van Deelen Date sampled: 21/11/13
Sampling method: Pushtube
Sample description: Weathered Sandstone
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/01 Lab ref number: 001/13
Sample depth: 3.0-35m Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test Results
As rec'd water content: 48.7%
Liquid limit: 84
Plastic limit: 35
Plasticity Index: 49

Test methods Notes
‘Water Content: NZS 4402 : 1986, Test 2.1 Test performed on: Fraction passing 0.425mm test sieve
Liquid Limit: NZS 4402 : 1986, Test 2.2 Sample descriptions are not covered by IANZ accreditation.
Plastic Limit; NZS 4402 : 1986, Test 2.3
Plasticity Index: NZS 4402 : 1986, Test 2.4

Date tested: 04 - 05/12/13
Date reported: ~ 10/12/2013

Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
This report may only be reproduced in full

IANZ Approved Signatory 't{@/'a/
Thirushen Pillay

Designation: Senior Civil Engineering Technician

Date: 10/12/2013

LAF-103 (19/02/13)

Tests Indicated as

0 not accredited are
@ outside the scope
of the laboratory's

ACCREDITED LABORATORY 2ccreditation

Pa_ge lofl

Opus International Consultants Ltd

Auckland Laboratory

Quality Management Systems Certified to ISO 9001

7A Ride Way, Albany
Private Bag 101982, NS Mail Centre, North
Shore City 0745, New Zealand

Telephone +64 9 415 4660
Facsimile +64 9 415 4661
Website www.opus.co.nz



ONE DIMENSIONAL CONSOLIDATION PROPERTIES

TEST RESULT REPORT
Project : Manuka Reservoirs
Location: Manuka Reservoirs
Client :
Contractor: Not Stated
Subcontractor: Not Stated
Sample reference: BH13/01, 3.0 - 3.5m
Sampled by : Tom Van Deelen
Date received : 21/11/13
Sampling method : Push Tube

Sample description :

Weathered Sandstone

7)oprus

Specimen depth: 3.30 - 3.35 metres

Date: 21/11/13

Watercare Services Ltd c/o Opus International Consultants Ltd

Project No.  1-C0935.25
Sample condition : As received Lab Ref No: 001b/13
OEDOMETER APPARATUS No: S17C Folder No:  SEC13/AU/050
SOIL PROPERTIES
Specimen Dimensions: Initial Wet Density pbi (tm?) 1.61 |
Diameter (mm): | 50.53 Initial Dry Density pdi (Ym3) 1.13
| Initial height (mm): | 16.08 | Final Dry Density _pdfm?) | 127
| Final height (mm). | 14.26 Initial Void Ratio €eo 139
“Initial mass of sample (g):| 51.88 Final VoidRato ~~~ Jef | 1 12
Initial Degree of Saturaton ~ [Si (%) | 82 |
Final Degree of Saturation St (%) 100
| Solid Particle Density - *Gs (t/m3) 2.70
INITIAL Water Content - Wi (%) 425
| FINAL Water Content Wi (%) | 427

*Gs is Assumed

CONSOL.IDATION PROPERTIES

PRESSURE Pressure Void Intercept Volume Coefficientof | Coeff. of
RANGE Increment Ratio 190 Compressibilty] Consolidation | Permeability
(kPa) _ (dp) (e) {min) Mv=m?/MN 0v=mzlyear k=m/year
0-125 | 12.5 1.367 _0.4489 - -
.. 128-25 | 125 | 1347 | 014 | 068 | 200_ oy 13 1
B} 25 - 50 25 | 1327 | 196 | 034 | 440 "| 0047 | T T
50 -100 50 1295 | 069 | 028 | 390 | 011 | |
- 100 - 200 100 1 1 251 | 072 0.19 37.0 0.069 i -
20_0 . 400 200 1.181 084 | 016 300 ~ 0046 | o
400 - 800 400 1.067 100 | 013 | 240 0797@_ -
800 - 200 - 108 | - - - -
200 - 50 N N P < I 2 =5 I R
50 - 12.5 - 1121 | - 1 - - -
[Test Methods: Notes:
One Dimensional Consolidation Test. NZS 4402:1986 Test 7.1 Sample is saturated during test.
Water Content NZS 4402:1986 Test 2.1 Load Increments applied at 1.35hr intervals
Testing is covered by IANZ Accreditation
Date tested:  02- 03/12/13 This report may only be reproduced in full
Date reported : 11/12/13
) Tests indicated as
IANZ Approved Signatory )‘ﬂw I N Z outsids the scope
Thirushen Pillay ACCREDITED LABORATORT accreitston ™"
Designation :  Senior Civil Engineering Technician
Date : 11/12/13
CSF 2120 (8/02) Page 1 of 2
i ! Opus International Consultants Ltd Unit A, 7 Ride Way, Nth Harbour { Telephone +064 9 415 4660
Auckland Laboratory Private Bag 10-1982, N.S.M.C,, Facsimile +064 9 415 4661
* Quality Management Systems Certified to ISO 9001 Auckland, New Zealand i Website www.opus.conz



ONE DIMENSIONAL CONSOLIDATION PROPERTIES
Applied Pressure vs Void Ratio TEST REPORT OPUS

Project : Manuka Reservoirs

Location: Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated

Subcontractor: Not Stated

Sample reference: BH13/01, 3.0 - 3.5m Specimen depth: 3.30 - 3.35 metres
Sampled by : Tom Van Deelen Date: 21/11/13

Date received : 2111113

Sample description : Weathered Sandstone

Sampling method : Push Tube Project No:  1-C0935.25
Sample condition : As received Lab Ref No:  001b/13
OEDOMETER APPARATUS No: S17C Folder No:  SEC13/AU/050

Applied Pressure vs Void Ratio Plot

1 10 100 1000
1.500 i '
|
1.400 — J
.\
! \.\1\
i Ll T
1.300 -
I
? | \ |
° | \ |
® | i
g 1.200 |- - — —-
= i | \\
o =
g ; | N
-\ i
1.100 | - s I S —— o - NG
| —
| |
1.000 |— - : R
| |
| | |
0.900 ' '
Applied Pressure (kPa)
—
Test Method: Notes:
One Dimensional Consolidation Test: NZS 4402:1986 Test 7.1 {Load Increments applied at 1.35hr intervals
Water Content: NZS 4402:1986 Test 2.1
Date tested : 02- 03/12/13 Testing is covered by IANZ Accreditation
Date reported : 11/12/113 This report may only be reproduced in full
IANZ Approved Signatory /:?/ I N Z not accredited are
Thirushen Pillay . © ikl
Designation : Senior Civil Engineering Technician ACCREDITED LABORATORY accreditation
Date : 11/12/113
CSF 2120 (8/02) Page 2 of 2
Opus International Consultants Ltd | Unit A, 7Ride Way, Nth Harbour { Telephone +064 9 415 4660
! Auckland Laboratory { Private Bag 10-1982, N.SM.C,, { Facsimile +0649 4154661

! Quality Management Systems Certified to ISO 9001 i  Auckland, New Zealand i Website www.opus.conz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Result Summary

7)) orus

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m):  3.35 - 3.5m
Sample Reference: ~ BH13/01 Depth (m): 3.0-3.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Weathered Sandstone (Brown)
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 001a/13
Client Ref No: Tom Van Deelen
Result at Maximum Stress Ratio Back Pressure saturated at 450 kPa
Specimen Effective INITIAL PROPERTIES Solid FINAL PROPERTIES
Stage Confining Densities (t/m°) Water Particle Densities (¢/m°) Water
No Pressure Wet Dry Content Density Wet Dry Content
(kPa) (t/m*) (t/m’) (%) (t/m’) (tm*) (thm’) (%)
1 75 1.71 1.21 41.6
2 150 2.70
3 300 (assumed) 1.83 1.29 423
Specimen Effective Deg of Saturation(Sr)
Stage Confining Void Sr before Sr after Values at Maximum Stress Ratio
No Pressure Ratio Consolid. Consolid. 8183 m Strain
(kPa) () (%) o) (kPa) (kPa) (%)
1 75 1.23 91 100 143.7 32 4.35
2 150 2229 70 3.18
3 300 276.7 157 4.97
Specimen Effective Coefficient Volume Coefficient B at the
Stage Confining of Consolidation | Compressibility | ofPermeability start of IANZ endorsement does not include the
No Pressure Cv My k test Cv, Mv and k values reported herein.
(kPa) (m'/year) (m*/MN) (m/s) Mv & Cv calculated for the following conditions;-
1 75 6 0.30 4.6E-10 L/D=2, RADIAL+TOP+BOTTOM Drainage
2 150 4.2 0.20 3.1E-10 96.00 Side Filter drains Used
3 300 2.7 0.170 1.4E-10 (L/D= Sample Length/Diameter.)
TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 44.70  |(kPa) Intercept d' 29.58 (kPa)
Beta b 12.49 (deg) Beta b 21.62 (deg)
Cohesion ¢ 46 (kPa) Cohesion ¢’ 32 (kPa)
Phi y: ) 13 (deg) Phi ' 23 (deg)
Correl coeff 0.9467 |2 Correl coeff 0.9758 7
Test Methods Notes:
Triaxial Test In House Cv and Mv have been rounded to 2 significant figures.
Based On: NZS 4402:1986 Test 6.2.1 L/D= Sample Length/Diameter.
Date Tested: 02-05/12/13
Datc Reported: 1012/13 )uy I N Z e
with the laboratory’s
IANZ Approved Signatory: ‘ Date:  10/12/13 ACCREDITED LABORATORY  teor cfsesmaston
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 1 of 8
Opus International Consultants Ltd 7A Ride Way, Albany Telephone +64 9 415 4660
Auckiand Laboratory Private Bag 101982, NS Mail Centre, North Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001

Shore City 0745, New Zealand

| Website WWW.OpUS.CO.NZ




CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Mohr Coulomb Envelope Plot

OPUS

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m):  3.35 - 3.5m

Sample Reference: BH13/01 Depth (m): 3.0-3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Weathered Sandstone (Brown)

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 001a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Mohr-Coulomb envelope plots  Result at Maximum Stress Ratio
Back Pressure Saturated at 450 kPa

Total Stress Plot Effective Stress Plot
600 600
500 . 500
400 |- 400 ’
E 300 - 5 300 | z
® "'2 |
g 200 | - % 200 = i
100 ——%’< 100 |——0- = —= |
0 0
0 200 400 600 0 200 400 600 {
Normal Stress (kPa) Normal Stress (kPa) E
TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 4470  {(kPa) Intercept d' 29.58 (kPa)
Beta b 12.49 (deg) Beta b 21.62 (deg)
Cohesion ¢ 46 (kPa) Cohesion ¢' 32 (kPa)
Phi & 13 (deg) Phi &' 23 (deg)
Correl coeff 0.9467 |,2 Correl coeff 0.9758 £
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 02-05/12/13

ACCREDITED LABORATORY $60p¢ of accraditation

, All tasts reported
Date Reported: 10/12/13 E{M I N e

IANZ Approved Signatory: Date: 10/12/13

Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99) Page 2 of 8
Opus International Consultants Ltd {  7ARide Way, Albany i Telephone +64 9 415 4660
Auckiand Laboratory Private Bag 101982, NS Mail Centre, North : Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001 Shore City 0745, New Zealand i Website WWW.0pus.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P vs Q Total Stress Plot % o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m): 3.35-3.5m

Sample Reference:  BH13/01 Depth (m): 3.0 -3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Weathered Sandstone (Brown)

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 001a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P vs Q Total Stress Plot- Back Pressure saturated at 450 kPa

600

500
a0 | — ==
g |
<1
gooo = -
@ I
3 i
= T ———— ] S —
('1’5200 r—
= |
H {—®
100 b—ur — ! y"{j =
/ /
0
0 100 200 300 400 500 600
Mean Principle Stress P (kPa)
¢ Test Points ~—— Regression Line
TOTAL STRESS RESULT
Intercept d 44,70 (kPa)
Beta b 12.49 (deg)
Correl coeff 09467 |+
Cohesion ¢ 46 (kPa)
Phi & 13 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 02-05/12/13
Date Reported: 10/12/13 %% I N e
. :!::ﬁ:rllhwm
IANZ Approved Signatory: Date:  10/12/13 AccreaiTen '
Designation: Thirushen Pillay- Senior Civil Engineering Technician
Page 3 of 8
Opus International Consultants Ltd i 7ARide Way, Albany Telephone +64 9 415 4660
Auckland Laboratory {  Private Bag 101982, NS Mail Centre, North Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001 Shore City 0745, New Zealand | Website WWW.OpUSs.CO.NZ



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P' vs Q' Effective Stress Plot

7)orus

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m): 3.35-3.5m

Sample Reference:  BH13/01 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Weathered Sandstone (Brown)

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 001a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Effective Stress Plot-Back Pressure saturated at 450 kPa

600

500

400 —

g
o 300 L
8
%
g 200 + —
3
=
100 ﬂ72/’
0
0 100 200 300 400 500 600
Mean Principle Stress P’ (kPa)
@ Test Points ——Regression Line
EFFECTIVE STRESS RESULT
Intercept d' 29,58 (kPa)
Beta b 21.62 (deg)
Correl coeff 09758 |
Cohesion c' 32 (kPa)
Phi y: 4 23 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 02-05/12/13

ACCREDITED LABORATORY °¢oPe of acoreditation

All tests reported
Date Reported: 10/12/13 W I N pacformed  assordance
3 with the laboratory’s
)

IANZ Approved Signatory: Date: 10/12/13
Designation: Thirushen Pillay- Senior Civil Engineering Technician

Page 4 of 8
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - PvsQ Stress Path Plot % O P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c¢/o Opus International Consultants Ltd

Specimen Depth(m):  3.35-3.5m

Sample Reference: BH13/01 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Weathered Sandstone (Brown)

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 001a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Stress Path (Effective Stress Plot) - Back Pressure saturated at 450 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 02-05/12/13

Date Reported: 10/12/13 } ) Al sty reporind
© St aboratargs
Date:  10/12/13

IANZ Approved Signatory: ACCREDITED LABORATORY *90P® of acoreditation
Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99) Page 5 of 8
Opus International Consultants Lid i  7ARide Way, Albany { Telephone +64 $ 415 4660
Auckiand Laboratory i Private Bag 101982, NS Mail Centre, North i Facsimile +64 9 415 4661
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Deviator StressPlot

7)orus

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m): 3.35-3.5m

Sample Reference: BH13/01 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Weathered Sandstone (Brown)

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 001a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Deviator Stress Plot- Back Pressure saturated at 450 kPa
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Strain (%)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 02-05/12/13

Date Reported: 10/12/13 All eats roported
IANZ &
IANZ Approved Signatory: Date:  10/12/13 Soote of scoredin

'ACCREDITED LABORATORY *“cF= o acoreciion
Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99)

Opus International Consultants Ltd
Auckland Laboratory

Quality Management Systems Certified to ISO 9001

Page 6 of 8
7A Ride Way, Albany | Telephone +64 9 415 4660

Private Bag 101982, NS Mail Centre, North Facsimile +64 9 415 4661
Shore City 0745, New Zealand i Website www.opus.conz




CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION

Test Report - Strain vs Pore Pressure Plot

7)opus

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  3.35-3.5m

Sample Reference: BH13/01 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Weathered Sandstone (Brown)

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 001a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Pore Pressure Plot- Back Pressure saturated at 450 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 02-05/12/13
Date Reported: 10/12/13 %@ﬂ I A N i
Lo o socrsdicon

IANZ Approved Signatory: Date:  10/12/13 ACCREDITED LASORATORY
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 {6/99) Page 7 of 8
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Displacement s Ot Plot (Consolidation stage) o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m): 3.35-3.5m
Sample Reference: BH13/01 Depth (m): 3.0 - 3.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Weathered Sandstone (Brown)
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 001a/13
Client Ref No: Tom Van Deelen
Graph 1 Graph 2 Graph 3
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Test Methods Result
Triaxial Test In House Confining Pressure (kPa)=| 75 150 300
Based On: NZS 4402:1986 Test 6.2.1 Cvyr=] 574 4.17 2.74
e My(m'/MN= 026 | 024 017
ks  464E-10 | 3.06E-10 | 144E-10 |
tig= 8.4 11.6 17.6
Date Tested: 02-05/12/13

ACCREDITED LABORATORY ®cope “'WM“"

All tests reported
herain have besn
Date Reported: 1012713 !ﬁl%/ IANZ

IANZ Approved Signatory: Date:  10/12/13
Designation: Thirushen Pillay- Senior Civil Engineering Technician

Page 8 of 8
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PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

7)orus

TEST REPORT
Project : Manuka Reservoirs
Location ; Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Sampled by : Tom Van Deelen
Date sampled : 21/11/13
Sampling method : Not Stated
Sample condition : As Received
Sample description : Brown; slightly clayey sandy SILT; weathered
Solid Particle Density (m®) ~ 2.75 Assumed Project number:  1-C0935.25
Water Content (as received) 454 % Lab ref number:  013/13
Sample Reference: BH13/01 Depth: 4.0 - 4.4 metres Client ref: Tom Van Deelen
Folder number:  SEC13/AU/050
Sieve Analysis Hydrometer Analysis
Sieve Size Passing Sieve Size Passing Sieve Size Passing Particle Size Passing Particle Size Passing
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
63.0 - 475 [ 100 0.300 90 0.0479 54 0.0065 41
375 f = ) 236 ) e | o2 | s | Q0340 | 2 J 00046 | 39 |
S S S S 5N R T 00241 ) 52 ] 00033 | 36
132 ) = jooeew | 9 [ oeos | [ o172 | 4 )| 00023 | 34
9.5 - 0.425 94 0.063 71 00127_7 14 _n 79070141 133 o
Note "—" denotes sieve not used and/or hydrometer analysis not tested 0.0091 43
' Sieve Aperture Size (mm)
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! ! ! T [ i Pl
9 : ] ' i - : T
o ] | L T T BRI
g 01 e T T T
T S : ; P A AR N
E 60 i B T N L | A J‘_,___ | :[ ? i ¥,4i,_ —+— i1 T;’, ..... | SO T v B .ﬁ,,!
RN B I T T T
T e
i o l I
B B d peiee= T T
R H it -+ b 14 I S T
& 2 I ] L b D J 8
| | i Ay |
é 10 TTTTTTT T T f i l - I I g i 1 VT Y T _;' T ™ T 11 "H N — H
! 0 | Ll . L] I L 1 L
0.001 0.010 0.100 1.000 10.000 100.000
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i . SILT SAND GRAVEL
Test Mcthods |Notes
Particle Size Analysis; NZS 4402:1986: Tost 2.8.4 (Washed Grading & Hydrometer Mefhod) DH of 196 (El ic method was used)

Date Tested:

Date Reported:

Sampling is not covered by TANZ Accreditation. Results apply only to sample tested.

04 - 05/12/13

10/12/13

TIANZ Approved Signatory Thirushen Pillay

This report may only be reproduced in full

. . . . i L All tests reported
Designation : Senior Civil Engineering Technician A herein have been

performed in accordance
Date : 10/12/13 ] @ with the laboratory's

scope of accreditation

l Rew palind werpdied
laboratory
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UNCONFINED COMPRESSIVE STRENGTH
WITH YOUNG'S MODULUS % OPUS

Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd ¢/o Opus International Consultants Ltd
Sampled by: Opus - Tom Van Declen
Date sampled: 21/11/13
Sampling method: Not Stated
Sample description: Very weak Sandstone
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/01 Lab ref number: 010/13
Sample depth (m): 6.7 - 6.85 Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test results
Bulk density (t/m*) 2.00 Initial sample diameter (mm) 60.7
Water content (%) 20.8 Initial sample length (mm) 86.6
Dry density (t/m?) 1.65 Initial sample area (mm?) 2890.5
Maximum stress (kPa) 2000 Initial Length:Diameter ratio 1.43:1
Strain at failure (%) 1.8 Young's modulus (MPa) 169
Mode of failure: Sheared For strain range 0.46 - 1.04%
Area corrected Stress (kPa) Vs Axial strain (%)
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rd
gad
0.00 0.50 1.00 1.50 2.00 2.50
Axial strain (%)
Test Methods Notes
UCS: NZS 4402: 1986: Test 6.3.1 -Sample Descriptions are not covered by IANZ accreditation.
-The strain rate for this test was kept constant at 0.4mm/min.
Tested by: AJ Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
Date tested: 22/11113

This report may only be reproduced in full

IANZ Approved Signatory ) m % Date : 09/12/13 . not sccredited are
Thirushen Pillay @ m‘:&.&er:&?y"i

Senior Civil Engineering Technician ACCREDITED LABORATORY 2coreditation
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Auckland Laboratory Private Bag 101982, NS Mail Centre, North Facsimile +64 9 415 4661
Quality Management Systems Certified to ISO 9001 Shore City 0745, New Zealand Website www,opus.co.nz




UNCONFINED COMPRESSIVE STRENGTH
WITH YOUNG'S MODULUS OPUS

Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c/o Opus International Consultants Ltd
Sampled by: Opus - Tom Van Deelen
Date sampled: 21/11/13
Sampling method: Not Stated
Sample description: Very weak Sandstone
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/01 Lab ref number: 011/13
Sample depth (m): 7.2-74 Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test results
Bulk density (t/m®) 2.05 Initial sample diameter (mm) 60.5
Water content (%) 21.3 Initial sample length (mm) 115.5
Dry density (t/m?) 1.65 Initial sample area (mm?) 2878.6
Maximum stress (kPa) 4300 Initial Length:Diameter ratio 1.91:1
Strain at failure (%) 1.1 Young's modulus (MPa) 470
Mode of failure: Sheared For strain range 0.17 - 0.69%
Area corrected Stress (kPa) Vs Axial strain (%)
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Test Methods Notes

UCS: NZS 4402: 1986: Test 6.3.1 -Sample Descriptions are not covered by IANZ accreditation.
-The strain rate for this test was kept constant at 0.3mm/min.

Tested by: AJ Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
Date tested: 22/11/13 This report may only be reproduced in full
TANZ Approved Signatory 'f@’ﬂ Date : 09/12/13 . ot acoradites e
Thirushen Pillay @ 2?1.’;':&311:&?32
Senior Civil Engineering Technician ACCREDITED LABORATORY 2ccreditation
LAF 017 (22/07/13) ] B i i B B - B B Page1of1
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UNCONFINED COMPRESSIVE STRENGTH
WITH YOUNG'S MODULUS OPUS

Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c¢/o Opus International Consultants Ltd
Sampled by: Opus - Tom Van Deelen
Date sampled: 10/12/13
Sampling method: Not Stated
Sample description: Weak Sandstone
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/01 Lab ref number: 015/13
Sample depth (m): 94-95 Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test results
Bulk density (t/m?) 2,05 Initial sample diameter (mm) 61.0
Water content (%) 20.6 Initial sample length (mm) 110.6
Dry density (t/m®) 1.70 Initial sample area (mm?) 2922.0
Maximum stress (kPa) 5900 Initial Length:Diameter ratio 1.81:1
Strain at failure (%) 0.81 Young's modulus (MPa) 1000
Mode of failure: Sheared For strain range 0.00 - 0.18%
Area corrected Stress (kPa) Vs Axial strain (%)
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Test Methods Notes
UCS: NZS 4402: 1986: Test 6.3.1 -Sample Descriptions are not covered by IANZ accreditation.

-The strain rate for this test was kept constant at 0.5mm/min.

Tested by: TPI/AOD Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
Date tested: 11/12/13 This report may only be reproduced in full
IANZ Approved Signatory f:@’ ]/ Date : 12/12/13 : not sccrodited ore
Thirushen Pillay @ of 3.'.:".’,;'3";&7;»’2
Senior Civil Engineering Technician ACCREDITED LABORATORY 2ccreditation
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UNCONFINED COMPRESSIVE STRENGTH
WITH YOUNG'S MODULUS OPUS

Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd ¢/o Opus International Consultants Ltd
Sampled by: Opus - Tom Van Deelen
Date sampled: 10/12/13
Sampling method: Not Stated
Sample description: Weak Sandstone
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/01 Lab ref number: 014/13
Sample depth (m): 11.55-11.7 Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test results
Bulk density (t/m?) 2.10 Initial sample diameter (mm) 61.1
'Water content (%) 18.0 Initial sample length (mm) 120.5
Dry density (t/m?) 1.80 Initial sample area (mm?) 29325
Maximum stress (kPa) 11000 Initial Length:Diameter ratio 1.97:1
Strain at failure (%) 0.75 'Young's modulus (MPa) 2180
Mode of failure: Sheared For strain range 0.17 - 0.42%
Area corrected Stress (kPa) Vs Axial strain (%)
12000
L] \
= 10000 S
LA
& §re
: ) \
g 8000 {- -
& Py \
= 1
& 6000 { )
£ » \
[-*}
E v \
S 4000 %
o g
: B \
< ¥ \
2000 4 SrTT
A
/
’_,/'./
O L=y
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Axial strain (%)
Test Methods Notes
UCS: NZS 4402: 1986: Test 6.3.1 -Sample Descriptions are not covered by IANZ accreditation.
-The strain rate for this test was kept constant at 0.4mm/min.
Tested by: TPI/AOD Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
Date tested: 11/12/13 This report may only be reproduced in full
IANZ Approved Signatory W Date : 12/12/13 ) ot aocreciton sre
Thirushen Pillay © of :7:;::-:&:;:
Senior Civil Engineering Technician ACCREDITED LABORATORY “ccreditation
LAFOI7 Q207113) _ . B B _ S _ Pagelofl
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7D orus

Watercare Services Ltd c/o Opus International Consultants Ltd

PLASTICITY INDEX
TEST REPORT

Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client:
Contractor: Not Stated
Sampled by: Tom Van Deelen
Sampling method: Pushtube

Sample description:

Date sampled: 21/11/13

Brown; clayey SILT with clasts

Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/03 Lab ref number: 002/13
Sample depth: 3.0-3.5m Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test Results
As rec'd water content: 67.8%
Liquid limit; 83
Plastic limit: 34
Plasticity Index: 49

Test methods Notes
‘Water Content: NZS 4402 : 1986, Test 2.1 Test performed on: Fraction passing 0.425mm test sieve
Liquid Limit; NZS 4402 : 1986, Test 2.2 Sample descriptions are not covered by IANZ accreditation.
Plastic Limit: NZS 4402 : 1986, Test 2.3
Plasticity Index: NZS 4402 : 1986, Test 2.4

Date tested: 06-09/12/13
Date reported:  10/12/2013

Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
This report may only be reproduced in full

IANZ Approved Signatory t‘

Thirushen Pillay ] ok acorachiad ore
Designation: Senior Civil Engineering Technician ©)] of s or
Date: 10/12/2013 ACCREDITED LABORATORY 2accreditation

LAF-103 (19/02/13)

Page lof1l
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Quality Management Systems Certified to 1SO 9001
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION

Test Report - Result Summary

7)) orus

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Specimen Depth(m): 3.25-3.4m
Sample Reference: BH13/03 Depth (m): 3.0 -3.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Brown; clayey SILT; with clasts
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 002a/13
Client Ref No: Tom Van Deelen
Result at Maximum Stress Ratio Back Pressure saturated at 350 kPa
Specimen Effective INITIAL PROPERTIES Solid FINAL PROPERTIES
Stage Confining Densities (t/m>) Water Particle Densities (tm’) Water
No Pressure Wet Dry Content Density Wet Dry Content
(kPa) /m*) (t'm*) (%) (t/m®) (t/m*) (t/m*) (%)
1 75 1.62 0.97 67.4
150 2.70
3 300 (assumed) 1.75 1.11 57.2
Specimen Effective Deg of Saturation(Sr)
Stage Confining Void St before St after Values at Maximum Stress Ratio
No Pressure Ratio Consolid. Consohd. $;-53 m Strain
(kPa) © (%) (%) (kPa) (kPa) (%)
1 75 1.79 100 100 85.4 40 433
2 150 124.3 86 3.17
3 300 264.3 173 1.61
Specimen Effective Coefficient Volume Coefficient B at the
Stage Confining of Consolidation{ Compressibility | of Permeability start of IANZ endorsement does not include the
No Pressure Cv Mv k test Cv, Mv and k values reported herein,
(kPa) (m*/year) (m*/MN) (m/s) Mv & Cv calculated for the following conditions:-
1 75 2 0.40 2.4E-10 L/D=2, RADIAL+TOP+BOTTOM Drainage
2 150 1.1 0.60 2.0E-10 95.00 Side Filter drains Used
3 300 0.2 0.400 3.0E-11 (L/D= Sample Length/Diameter.)
TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 5.23 (kPa) Intercept d' - 1.82 (kPa)
Beta b 1620  |(deg) Beta b 26.57 (deg)
Cohesion ¢ 5 (kPa) Cohesion ¢’ 2 (kPa)
Phi & 17 (deg) Phi &' 30 (deg)
Correl coeff | 09921 |2 Correl coeff 09972 |
Test Methods Notes:
Triaxial Test In House Cv and Mv have been rounded to 2 significant figures.
Based On: NZS 4402:1986 Test 6.2.1 L/D= Sample Length/Diameter.
Date Tested: 04-11/12/13
All teats reported
- - herein have been
Date Reported: 121213 /ﬂbz( I N T
IANZ Approved Signatory: Date:  12/12/13 ASCESIERLASOREIORY Semass——
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 1 of 8
Opus International Consultants Ltd 7A Ride Way, Albany ! Telephone +64 9 415 4660

Auckland Laboratory _
Quality Management Systems Certified to ISO 9001

| Private Bag 101982, NS Mail Centre, North
Shore City 0745, New Zealand
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Mohr Coulomb Envelope Plot

7)) oprus

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m): 3.25 - 3.4m

Sample Reference: ~ BH13/03 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Declen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; clayey SILT; with clasts

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 002a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Mohr-Coulomb envelope plots  Result at Maximum Stress Ratio

Back Pressure Saturated at 350 kPa
Total Stress Plot Effective Stress Plot
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100 </// ’<\ . 100 | )4 ]
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Normal Stress (kPa) Normal Stress (kPa)
TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 5.23 (kPa) Intercept d' 1.82 (kPa)
Beta b 16.20  |(deg) Beta b 26.57 (deg)
Cohesion ¢ 5 (kPa) WCohcsion ¢ 2 (kPa)
Phi y: 2} 17 (deg) Phi A’ 30 (deg)
|Correl coeft 09921 |2 Correl coeff 0.9972 2
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-11/12/13
\ All tests reported
Date Reported: 12/12/13 i I ® perionned n scoccdance
with the laboratory’s
L ACCREDITED LABORATORY $cope of accraditation
TANZ Approved Signatory: Date:  12/12/13
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 2 of 8
Opus International Consultants Ltd i  7TARide Way, Albany i Telephone +64 9 415 4660
Auckland Laboratory ! Private Bag 101982, NS Mail Centre,North ; Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001 Shore City 0745, New Zealand { Website WWW.0pUS.CO.NZ



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P vs Q Total Stress Plot % o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  3.25-3.4m

Sample Reference: ~ BH13/03 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; clayey SILT; with clasts

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 002a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P vs Q Total Stress Plot- Back Pressure saturated at 350 kPa
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0 100 200 300 400 500 600 700
Mean Principle Stress P (kPa)
& Test Points —~——Regresslon Line
TOTAL STRESS RESULT
Intercept d 5.23 (kPa)
Beta b 16.20 (deg)
Cortel coeff 09921 |
JCohesion ¢ 5 (kPa)
[Pi & 17 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-11/12/13
Date Reported: 1212113 I N Z b
ccope of cradhiton
IANZ Approved Signatory: Date:  12/12/13 ACCRERITED LABORATORY
Designation: Thirushen Pillay- Senior Civil Engineering Technician
Page 3 of 8
Opus International Consultants Ltd i 7ARide Way, Albany { Telephone +64 9 415 4660
Auckland Laboratory i Private Bag 101982, N'S Mail Centre,North | Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001 |  Shore City 0745, New Zealand ! Website www.opus.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P' vs Q' Effective Stress Plot % 0 P U S

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m): 3.25-3.4m
Sample Reference: BH13/03 Depth (m): 3.0 -3.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Brown; clayey SILT; with clasts
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 002a/13
Client Ref No: Tom Van Deelen
Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Effective Stress Plot-Back Pressure saturated at 350 kPa
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¢ Test Points —— Regression Line
EFFECTIVE STRESS RESULT
Intercept d' 1.82 (kPa)
Beta b' 26.57 (deg)
Correl coeff 09972 |
Cohesion ¢' 2 (kPa)
Phi A& 30 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-11/12/13

Al tests raported
Date Reported: 12/12/13 @ @j I N atorm i sseordance
| with the Iaboratory’s

ACCREDITED LABORATORY *¢0Pe of accreditation

IANZ Approved Signatory: Date: 12/12/13
Designation: Thirushen Pillay- Senior Civil Engineering Technician

Page 4 of 8
Opus International Consultants Ltd {  TARide Way, Albany ! Telephone +64 9 415 4660

Auckland Laboratory i  Private Bag 101982, NS Mail Centre, North Facsimile +64 9 415 4661
Quality Management Systems Certified to ISO 9001 i Shore City 0745, New Zealand i Website www.opus.conz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - PysQ Stress Path Plot % O P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c¢/o Opus International Consultants Ltd

Specimen Depth(m): 3.25-3.4m

Sample Reference: BH13/03 Depth (m): 3.0-3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; clayey SILT; with clasts

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 002a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Stress Path (Effective Stress Plot) - Back Pressure saturated at 350 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-11/12/13

Date Reported: 12/12/13 W I . N Z Altmta reporisd
performed in accordance
with the laboratory's

i Date:  12/12/13

IANZ Approved Slgnatory: ACCREDITED LABORATORY °®°°P® daecndnaﬁon
Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99) Page 5 of 8
Opus International Consultants Ltd i 7ARide Way, Albany = Telephone +64 9 415 4660
Auckland Laboratory {  Private Bag 101982, NS Mail Centre, North i Facsimile +64 9 415 4661

Quality Management Systerns Certified to IS0 9001 ;  Shore City 0745, New Zealand | Website www.opus.conz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Deviator StressPlot

7)opus

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m):  3.25-3.4m

Sample Reference: BH13/03 Depth (m): 3.0-3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method:  Push Tube

Description: Brown; clayey SILT; with clasts

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 002a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Deviator Stress Plot- Back Pressure saturated at 350 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-11/12/13
Date Reported: 12/12/13 Alltoats raported

‘ herein have been

I N performed in accordance
IANZ Approved Signatory: \ Date:  12/12/13 ACCREDITED LABORATONY +coPs of scorsdiaton
Designation: Thirushen Pillay- Senior Civil Engineering' Technician
CSF 2130 (6/99) Page 6 of 8
Opus International Consultants Ltd i  TARide Way, Albany | Telephone +64 9 415 4660

Auckland Laboratory Private Bag 101982, NS Mail Centre, North Facsimile +64 9 415 4661
Quality Management Systems Certified to ISO 9001 ;|  Shore City 0745, New Zealand i Website www.opus.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Pore Pressure Plot

OPUS

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  3.25 - 3.4m

Sample Reference: BH13/03 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; clayey SILT; with clasts

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 002a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Pore Pressure Plot- Back Pressure saturated at 350 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-11/12/13
Date Reported: 12/12/13 I N el
:Il.ll th:'hbmhy‘sm

IANZ Approved Signatory: Date: 12/12/13 ACGREDITED LABORATORY *%2%

Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF2130 (6/99) Page 7 of 8
Opus International Consultants Ltd i  7ARide Way, Albany E Telephone +64 $ 415 4660
Auckland Laboratory {  Private Bag 101982, NS Mail Centre, North | Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001 |  Shore City 0745, New Zealand | Website www.opus.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Displacement_ys Ot Plot (Consolidation stage) 0 P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m): 3.25-3.4m
Sample Reference: BH13/03 Depth (m): 3.0 - 3.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Brown; clayey SILT; with clasts
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 002a/13
Client Ref No: Tom Van Deelen
Graph 1 Graph 2 Graph 3
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Test Methods Result
Triaxial Test In House Confining Pressure (kPa)= 75 | 150 300
Based On: NZS 4402:1986 Test 6.2.1 _ cvmlyn= 173 111 024 |
MvmMN=| 045 | 058 040 |
k(s=|  240E-10 | 198E-10 | 2.98E-11 |
taop= 27.0 423 L 196.0
Date Tested: 04-11/12/13

A e s

ACCREDITED LABORATORY S°0ope of accreditation

IANZ Approved Signatory: Date:  12/12/13
Designation: Thirushen Pillay- Senior Civil Engineering Technician
Page 8 of 8
Opus International Consultants Ltd {  7A Ride Way, Albany i Telephone +64 9 415 4660
Auckiand Laboratory i Private Bag 101982, NS Mail Centre, North | Facsimile +64 9 415 4661
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ONE DIMENSIONAL CONSOLIDATION PROPERTIES

7)oprus

TEST RESULT REPORT
Project : Manuka Reservoirs
Location: ‘Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated
Subcontractor: Not Stated
Sample reference: BH13/03, 3.0 - 3.5m Specimen depth: 3.4 - 3.5 metres
Sampled by : Tom Van Deelen Date: 21/11/13
Date received : 21/11/113
Sampling method : Push Tube
Sample description : Brown; clayey SILT with clasts
Project No:  1-C0935.25
Sample condition : As received Lab Ref No:  002b/13
OEDOMETER APPARATUS No: S17C Folder No:  SEC13/AU/050
SOIL PROPERTIES
Specimen Dimensions: | Initial Wet Density pbi (t/m?) 1.57
Diameter (mm): | 50.53 Initial Dry Density pdi (Ym?3) 0.93 |
| Initial height (mm): | 16.08 _ Final Dry Density fpdf(m?) [ 113 |
| Final height (mm): [ 13.20 | Initial Void Ratio eo . 1.91
Initial mass of sample (g):| 50.62 FinalVoidRato  ~~ lef | 1.38
Initial Degree of Saturation Si (%) 98 |
Final Degree of Saturation St (%) 100
| Solid Particle Density *Gs(m®) | 270 |
[ INITIAL WaterContent  ~~ [Wi (%) 689 |
FINAL Water Content Wi (%) 54.4

*Gs Is Assumed

CONSOLIDATION PROPERTIES

PRESSURE Pressure Void Intercept Volume Coefficientof | Coeff. of
RANGE Increment Ratio t90 Compressibilty]| Consolidation | Permeability
(kPa) _ (dp) (e) (min) Mv=m*MN | Cv=m?year | k=m/year
0 -125 125 1.889 0.724201 - = -
.. 125-25 | 125 | 1863 | 08 [ 071 | 330 | 023 | i}
... 2-50 25 1834 | 081 [ 041 | 340 014 | |
50 - 100 50 1.775 | 1.00 042 27.0 | 011 |
.. 100-200 ] 100 _ | 1652 [ 121 | 044 | 220 | 0094 | —
200 - 400 200 _1.466 177 | 035 | 140 0047 |
400 - 800 400 ~1.255 4.00 0.21 | 52 | 0011
800 - 200 - 1.300 - - _- -
200 - 50 - 1.351 - - - - | -
_ 50 - 125 - 1.385 . - : _
[Test Methods: Notes:
One Dimensional Consolidation Test. NZS 4402:1986 Test 7.1 Sample is saturated during test.
Water Content NZS 4402:1986 Test 2.1 ILoad Increments applied at 1.06hr intervals
Testing is covered by IANZ Accreditation
Date tested:  04- 05/12/13 This report may only be reproduced in full
Date reported : 11/12/13
X Tests Indicated as
IANZ Approved Signatory I N Z 2('.:.132'3:?:&;?
Thirushen Pillay ACCREDITED LABORATORY scorediation™” "
Designation :  Senior Civil Engineering Technician
Date : 11/12/13
CSF 2120 (8/02) Page 1 of 2
Opus International Consultants Ltd Unit A, 7 Ride Way, Nth Harbour i Telephone +064 9 415 4660
i Auckland Laboratory Private Bag 10-1982, N.S.M.C,, i Facsimile +0649 4154661

: Quality Management Systems Certified to ISO 9001

Auckland, New Zealand

i Website WWW.OpUS.CO.NZ



ONE DIMENSIONAL CONSOLIDATION PROPERTIES
Applied Pressure vs Void Ratio TEST REPORT OPUS

Project : Manuka Reservoirs

Location: Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated

Subcontractor: Not Stated

Sample reference: BH13/03, 3.0 - 3.5m Specimen depth: 3.4 - 3.5 metres
Sampled by : Tom Van Deelen Date: 21/11113

Date received : 211113
Sample description : Brown; clayey SILT with clasts

Sampling method : Push Tube Project No:  1-C0935.25
Sample condition : As received Lab Ref No. 002b/13
OEDOMETER APPARATUS No: S17C Folder No: SEC13/AU/050

Applied Pressure vs Void Ratio Plot
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[Test Method: Notes:
|One Dimensional Consolidation Test: NZS 4402:1986 Test 7.1 |Load Increments applied at 1.06hr intervals
Water Content: NZS 4402:1986 Test 2.1
Date tested : 04- 05/12/13 Testing is covered by IANZ Accreditation
Date reported : 1112113 _ This report may only be reproduced in full
] §
IANZ Approved Signatory Iy ; ot mocroited sre
Thirushen Pillay © Qutside the scope
Designation : Senior Civil Engineering Technician ACCREDITED LABORATORY 2ccreditation
Date : 1112113
CSF 2120 (8/02) Page 2 of 2
g Opus Intemaﬁonal Consultants Ltd é Unit A, 7 Ride Way, Nth Harbour : Telephone +064 9 415 4660
Auckland Lab oratory i Private Bag 10-1982, N.SM.C,, Facsimile +0649 415 4661

Quality Management Systems Certified to ISO 9001 :  Auckland, New Zealand I Website www.opus.conz



PLASTICITY INDEX
TET REVOR? 7 orus

Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated
Sampled by: Tom Van Deelen Date sampled: 21/11/13
Sampling method: Core Sample
Sample description: Brown; clayey SILT
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/03 Lab ref number: 004/13
Sample depth: 4.2-4.4m Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test Results
As rec'd water content: 53.6%
Liquid limit: 67
Plastic limit: 32
Plasticity Index: 35
Test methods Notes
'Water Content: NZS 4402 : 1986, Test 2.1 Test performed on: Fraction passing 0.425mm test sieve
Liquid Limit; NZS 4402 : 1986, Test 2.2 Sample descriptions are not covered by IANZ accreditation.
Plastic Limit; NZS 4402 : 1986, Test 2.3
Plasticity Index: NZS 4402 : 1986, Test 2.4
Date tested: 02 - 03/12/13 Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
Date reported: ~ 10/12/2013 This report may only be reproduced in full
TANZ Approved Signatory
Thirushen Pillay ! 8 Iz:’:cl,’:‘:':.:.':":,:
Designation: Senior Civil Engineering Technician ® of the Taboraionre
Date: 10/12/2013 ACCREDITED LABORATORY 2accreditation
LAF-103 (19/02/13) _ Page 1 of 1
Opus International Consultants Ltd i 7ARide Way, Albany Telephone +64 9 415 4660
. Auckland Laboratory ! Private Bag 101982, NS Mail Centre, North i Facsimile +64 9 415 4661

Quality Management Systems Certified to 1SO 9001 Shore City 0745, New Zealand Website www.opus.co.nz



PLASTICITY INDEX
TEST REPORT 0 P U S
Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c¢/o Opus International Consultants Ltd
Contractor: Not Stated
Sampled by: Tom Van Deelen Date sampled: 21/11/13
Sampling method: Pushtube
Sample description: Brown; clayey SILT; firm
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/03 Lab ref number: 003/13
Sample depth: 6.0 - 6.5m Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test Results
As rec'd water content: 44.5%
Liquid limit: 57
Plastic limit: 25
Plasticity Index: 32

Test methods Notes
'Water Content: NZS 4402 : 1986, Test 2.1 Test performed on: Fraction passing 0.425mm test sieve
Liquid Limit; NZS 4402 : 1986, Test 2.2 Sample descriptions are not covered by IANZ accreditation.
Plastic Limit: NZS 4402 : 1986, Test 2.3
Plasticity Index: NZS 4402 ; 1986, Test 2.4

Date tested: 06/12/13
Date reported:  10/12/2013

IANZ Approved Signatory rj
Thirushen Pillay

Designation: Senior Civil Engineering Technician

Date: 10/12/2013

Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
This report may only be reproduced in full

Tests indicated as

2 not accredited are
@ outside the scope
of the laboratory's

ACCREDITED LABORATORY 3ccreditation

LAF-103 (19/02/13) Page lof1
| Opus International Consultants Ltd ! 7ARide Way, Albany i Telephone +64 9 415 4660
. Auckland Laboratory i Private Bag 101982, NS Mail Centre, North | Facsimile +64 9 415 4661

Quality Management Systems Certified to 1SO 9001

Shore City 0745, New Zealand Website www.opus.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Result Summary

7)opus

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m):  6.35 - 6.5m
Sample Reference: BH13/03 Depth (m): 6.0 - 6.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method:  Push Tube
Description: Brown; clayey SILT; firm
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 003a/13
Client Ref No: Tom Van Deelen
Result at Maximum Stress Ratio Back Pressure saturated at 350 kPa
Specimen Effective INITIAL PROPERTIES Solid FINAL PROPERTIES
Stage Confining Densities (t/m3) Water Particle Densities (t/m3) Water
No Pressure Wet Dry Content Density Wet Dry Content
(kPa) (t/m*) (t/m*) (%) (t/m*) (t/m’) (t/m’) (%)
1 75 1.79 1.27 405
2 150 2.70
3 300 (assumed) 1.89 1.36 39.1
Specimen Effective | Deg of Saturation(Sr)
Stage Confining Void Sr before Sr after Values at Maximum Stress Ratio
No Pressure Ratio Consolid. Consolid. §1-S3 m Strain
(kPa) (e) (%) (%) (kPa) (kPa) (%)
1 75 1.12 98 100 141.7 29 232
2 150 164.7 70 231
3 300 310.5 169 3.59
Specimen Effective Coefficient Volume Coefficient "B at the
Stage Confining | ofConsolidation | Compressibility | ofPermeability start of IANZ endorsement does not include the
No Pressure Cv My k test Cv, Mv and k values reported herein.
(kPa) (m"/year) (m’/MN) (m/s) Mv calculated for the following conditions;-
1 75 5 0.30 4.3E-10 L/D=2, RADIAL+TOP+BOTTOM Drainage
150 1.3 0.20 9.8E-11 98.00 Side Filter drains Used
3 300 1.5 0.150 7.1E-11 (L/D= Sample Length/Diameter.)
TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 24.05 |(kPa) Intercept d' 5.35 (kPa)
Beta b 1583 |(deg) Beta Vb 27.34 (deg)
Cohesion ¢ 25 (kPa) Cohesion ¢' 6 (kPa)
Phi £ 16 (deg) Phi £’ 31 (deg)
Correl coeff 0.9782 |7 Correl coeff 0.9815 r
Test Methods Notes:
Triaxial Test In House Cv and Mv have been rounded to 2 significant figures.
Based On: NZS 4402:1986 Test 6.2.1 L/D= Sample Length/Diameter.
Date Tested: 04-10/12/13
All teats reported
- . herein have baan
Date Reported: 11/12/13 ! N Z o
IANZ Approved Signatory: Date: 11/12/13 ACCREDITED LARORATORY oo Sfseerditon
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 1 of 8
Opus International Consultants Ltd {  7ARide Way, Albany Telephone +64 9 415 4660
Auckland Laboratory | Private Bag 101982, NS Mail Centre, North Facsimile +64 9 415 4661

Shore City 0745, New Zealand

Quality Management Systems Certified to ISO 9001 Website www.opus.conz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Mohr Coulomb Envelope Plot

OPUS

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m):  6.35 - 6.5m

Sample Reference: BH13/03 Depth (m): 6.0 - 6.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; clayey SILT; firm

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 003a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Mohr-Coulomb envelope plots Result at Maximum Stress Ratio
Back Pressure Saturated at 350 kPa

Total Stress Plot Effective Stress Plot
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TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 24.05 (kPa) Intercept d' 5.35 (kPa)
Beta b 15.83 (deg) Beta b 27.34 (deg)
Cohesion ¢ 25 (kPa) Cohesion ¢' 6 (kPa)
Phi £ 16 (deg) Phi &' 31 (deg)
Correl coeff 0.9782 |2 Correl coeff 0.9815 £
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-10/12/13

ACCREDITED LABORATORY ®90pe of accreditation

. s e
Datc Reported: 111213 {x&{a I N z S

IANZ Approved Signatory: Date: 11/12/13

Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99) Page 2 of 8
Opus International Consultants Ltd i 7A Ride Way, Albany ! Telephone +64 9 415 4660
Auckland Laboratory ‘ Private Bag 101982, NS Mail Centre, North Facsimile +64 9 415 4661
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P vs Q Total Stress Plot % o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c¢/o Opus International Consultants Ltd

Specimen Depth(m):  6.35 - 6.5m

Sample Reference: ~ BH13/03 Depth (m): 6.0 - 6.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; clayey SILT; firm

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 003a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P vs Q Total Stress Plot- Back Pressure saturated at 350 kPa
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BAOO —_———t
gaoo = N
3
5200 e | i T
= |
! |
T E— o
o ; 1]
] 100 200 300 400 500 600 700
Mean Principle Stress P (kPa)
¢ Test Points — Regression Line
TOTAL STRESS RESULT
Intercept d 24.05 (kPa)
Beta b 15.83 (deg)
Correl coeff 0.9782 2
Cohesion ¢ 25 (kPa)
Phi £ 16 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-10/12/13
Date Reported: 11/12/13

. i s
IANZ ==
scope of acera
1ANZ Approved Signatory: Date: 11/12/13 ACCREDITED LABORATORY
Designation: Thirushen Pillay- Senior Civil Engineering Technician

Page 3 of 8
Opus International Consultants Ltd i 7ARide Way, Albany i Telephone +64 9 415 4660
Auckland Laboratory | Private Bag 101982, NS Mail Centre, North | Facsimile +64 9 415 4661
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P' vs Q' Effective Stress Plot % 0 P U S

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m):  6.35 - 6.5m
Sample Reference: BH13/03 Depth (m): 6.0 - 6.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method:  Push Tube
Description: Brown; clayey SILT; firm
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 003a/13
Client Ref No: Tom Van Deelen
Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Effective Stress Plot-Back Pressure saturated at 350 kPa
700
600 |- — -
500 |
g 400 | -
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@ i I
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g 200 | ' :
100 | - ~—-;—/‘—,<— ------ e
i
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0 100 200 300 400 500 600 700
Mean Principle Stress P’ (kPa)
¢ Test Points — Regression Line
EFFECTIVE STRESS RESULT
Intercept d' 5.35 (kPa)
Beta b 27.34 (deg)
Correl coeff 0.9815 P
Cohesion ¢' 6 (kPa)
Phi £ 31 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-10/12/13
Al |-h raported
Date Reported: 11/12/13 ] : performed I acsordance
{ ! © with the laboratory’s
ACCREDITED LABORATORY S°OP® of accrediation
IANZ Approved Signatory: Date: 11/12/13
Designation: Thirushen Pillay- Senior Civil Engineering Technician
Page 4 of 8
Opus International Consultants Ltd i  7TARide Way, Albany i Telephone +64 9 415 4660
Auckland Laboratory i Private Bag 101982, NS Mail Centre, North : Facsimile +64 9 415 4661

Quality Management Systerns Certified to ISO 9001 Shore City 0745, New Zealand i Website www.opus.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - PvsQ Stress Path Plot

7)opus

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m):  6.35 - 6.5m

Sample Reference: BH13/03 Depth (m): 6.0 - 6.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; clayey SILT; firm

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 003a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Stress Path (Effective Stress Plot) - Back Pressure saturated at 350 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-10/12/13
Date Reported: 11/12/13 ) Allaats roporied
Q ™
IANZ Approved Signatory: Date: 11/12/13 ACCREDITED LABORATORY ®°0P of accreditation
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 5 of 8
Opus International Consultants Ltd {  7A Ride Way, Albany { Telephone +64 9 415 4660
Auckland Laboratory Private Bag 101982, NS Mail Centre, North | Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001 |  Shore City 0745, New Zealand ! Website www.opus.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Deviator StressPlot

7)opus

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m):  6.35 - 6.5m
Sample Reference: BH13/03 Depth (m): 6.0 - 6.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Brown; clayey SILT; firm
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 003a/13
Client Ref No: Tom Van Deelen
Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Deviator Stress Plot- Back Pressure saturated at 350 kPa
350
300 e .
250 |-
5 ‘. |
% 200 ! !
Y | |
£ | |
& | — ‘
§ 150 1 .
s /0 T
100 —- -—
=300 kP2
50 < ——150kPa 1
------- 75kPa
. 1 l
2 25 3 35 4
Strain (%)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-10/12/13
Date Reported: 11/12/13 All tests reported
hereln have been
I A N performed in acoordance
IANZ Approved Signatory: Date:  11/12/13 2 00pe of noreciag

Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99)
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Pore Pressure Plot 0 P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c¢/o Opus International Consultants Ltd

Specimen Depth(m):  6.35 - 6.5m

Sample Reference: BH13/03 Depth (m): 6.0 - 6.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; clayey SILT; firm

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 003a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Pore Pressure Plot- Back Pressure saturated at 350 kPa
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Strain (%)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 04-10/12/13
All tests reportad
Date Reported: 11/12/13 I A it
: o
IANZ Approved Signatory: Date:  11/12/13 e
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 7 of 8
Opus International Consultants Ltd i 7A Ride Way, Albany i Telephone +64 9 415 4660
Auckland Laboratory ! Private Bag 101982, N'S Mail Centre,North | Facsimile +64 9 415 4661
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Displacement ys Ot Plot (Consolidation stage) o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m): 6.35 - 6.5m
Sample Reference: BH13/03 Depth (m): 6.0 - 6.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Brown; clayey SILT; firm
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 003a/13
Client Ref No: Tom Van Deelen
Graph 1 Graph 2 _ Graph3
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Test Methods Result '
Triaxial Test In House Confining Pressure (kPa)= 75 : 150 | 300
Based On: NZS 4402:1986 Test 6.2.1 Ccvmyr= 492 i 131 | 151
- My (m*/MN)=| 028 : 024 | 015
k(wsy=| ~ 428E-10 | 9.76E-11 | 7.10E-11
tio= 9.6 36.0 314
Date Tested: 04-10/12/13

] All tests reported
. herein have been
Date Reported: 11/12/13 }:ﬁ I N Z Wit abormarya

ACCREDITED LABORATORY %cope of acoreditation

IANZ Approved Signatory: Date:  11/12/13
Designation: Thirushen Pillay- Senior Civil Engineering Technician
Page 8 of 8
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Auckland Laboratory

Quality Management Systems Certified to ISO 9001

Private Bag 101982, NS Mail Centre, North

Shore City 0745, New Zealand

PLASTICITY INDEX
TEST REPORT 0 P U S
Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated
Sampled by: Tom Van Deelen Date sampled: 21/11/13
Sampling method: Core Sample
Sample description: Brownish grey; siltstone/sandstone
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/03 Lab ref number: 005/13
Sample depth: 10.5-10.7m Client ref; Tom Van Deelen
Folder number: SEC13/AU/050
Test Results
As rec'd water content: 42.9%
Liguid limit: 60
Plastic limit: 29
Plasticity Index: 31
Test methods Notes
‘Water Content: NZS 4402 : 1986, Test 2.1 Test performed on: Fraction passing 0.425mm test sieve
Liquid Limit: NZS 4402 : 1986, Test 2.2 Sample descriptions are not covered by IANZ accreditation,
Plastic Limit: NZS 4402 : 1986, Test 2.3
Plasticity Index: NZS 4402 : 1986, Test 2.4
Date tested: 05/12/13 Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
Date reported:  10/12/2013 This report may only be reproduced in full
IANZ Approved Signatory M
Thirushen Pillay ! s I::.:o:;git;:i::lda:
Designation:  Semior Civil Engineering Technician © of the Taberatore
Date: 10/12/2013 ACCREDITED LABORATORY 2ccreditation
LAF-103 (19/02/13) Page 1of1
| Opus international Consultants Ltd 7A Ride Way, Albany Telephone +64 9 415 4660

Facsimile +64 9 415 4661
Website www.opus.co.nz



PLASTICITY INDEX
TEST REPORT OPUS
Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c¢/o Opus International Consultants T.td
Contractor: Not Stated
Sampled by: Tom Van Deelen Date sampled: 21/11/13
Sampling method: Pushtube
Sample description: Grey; clayey SILT
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/07 Lab ref number: 006/13
Sample depth: 3.0-3.5m Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test Results
As rec'd water content: 51.3%
Liquid limit: 76
Plastic limit: 33
Plasticity Index: 43

Test methods Notes
‘Water Content; NZS 4402 : 1986, Test 2.1 Test performed on: Fraction passing 0.425mm test sieve
Liquid Limit: NZS 4402 : 1986, Test 2.2 Sample descriptions are not covered by IANZ accreditation.
Plastic Limit: NZS 4402 : 1986, Test 2.3
Plasticity Index: NZS 4402 : 1986, Test 2.4

Date tested: 29/11/13 - 02/12/13
Date reported:  10/12/2013

IANZ Approved Signatory Ww/]
Thirushen Pillay

Designation: Senior Civil Engineering Technician

Date; 10/12/2013

Sampling is not covered by IANZ Accreditation, Results apply only to sample tested.
This report may only be reproduced in full

Tests indicated as

8 not accredited are
@ outside the scope
of the laboratory's

ACCREDITED LABORATQRY accreditation

LAF-103 (19/02/13) Page 1 of 1
Opus International Consultants Ltd 7A Ride Way, Albany Telephone +64 9 415 4660
| Auckland Laboratory i Private Bag 101982, NS Mail Centre, North i Facsimile +64 9 415 4661

Quality Management Systems Certified to SO 9001

Shore City 0745, New Zealand Website www.opus.co.nz



ONE DIMENSIONAL CONSOLIDATION PROPERTIES
TEST RESULT REPORT

7) opus

Project : Manuka Reservoirs
Location: Manuka Reservoirs
Client : Watercare Services Ltd ¢c/o Opus International Consultants Ltd
Contractor: Not Stated
Subcontractor: Not Stated
Sample reference: BH13/07, 3.0 - 3.5m Specimen depth: 3.25 - 3.35 metres
Sampled by : Tom Van Deelen Date: 21/11/13
Date received : 21/11/13
Sampling method : Push Tube
Sample description : Grey; clayey SILT
Project No: 1-C0935.25
Sample condition : As received LabRefNo:  006b/13
OEDOMETER APPARATUS No: S17D Client Ref: Tom Van Deelen
SOIL PROPERTIES
Specimen Dimensions: Initial Wet Density pbi (t/m®) 1.64 |
Diameter (mm): 50.51 | Initial Dry Density pdi (tm®) 1.07
_ Initial height (mm): 1.1’ Final Dry Density e pdf(m* .16
'Final height (mm): 1828 | Initial Void Ratio __leo o 1.52
Initial mass of sample (g) 64.76 Final Void Ratio ef 134 |
Initial Degree of Saturation ~  _ ISi (%) | 94
Final Degree of Saturation &) | 100
Solid Particle Density *Gs (t/m3) 270
| INITIAL Water Content Wi %) | 529
FINAL Water Content Wf (%) 49.7
*(s is Assumed
CONSOLIDATION PROPERTIES
PRESSURE Pressure Void Intercept Volume Coefficient of Coeff. of
RANGE Increment Ratio t90 Compressibilty | Consolidation | Permeability
(kPa) (dp) (e) (min) Mv=m*MN | Cv=m?year k=m/year
Jo-125 s p sy - 1 - 1 - 1 - T -
12525 125 LS8 | - | L e L
2550 I os Ul Tus13 | 19 | 0083 | 230 | o0 [T
_so-100 - TF TTso | 1496 | Tz | oa3 [T o240 | 0oz [T |
00 - 200 100 _146l | 177 1 od4 [T 240 | 0033 |
- 200 400 o bo20 |1 387 349 | 015 | 120 0.017
400800 400 ~ "1 T1268 | 961 [T0d2 [T 40 | 0.0049 ]
800 - 200 - 1.291 - - - -
200 - 50 _% - 1317 |\ - 1 - - S
50 - 125 : I LR D R R R .
Test Methods: Notes:
One Dimensional Consolidation Test. NZS 4402:1986 Test 7.1 Sample is saturated during test.
Water Content NZS 4402:1986 Test 2.1 Load Increments applied at 2.02hr intervals
Folder No: SEC13/AU/050
Testing is covered by IANZ Accreditation
Date tested : 02-03/12/13 This report may only be reproduced in full
Date reported :  11/12/13
Tests Indicated as
TIANZ Approved Signatory N outside the scope
. . J of th
. INinishenbillay ACCREDITED LABORATORY accradtation
Designation : Senior Civil Engineering Technician
Date : 11/12/13
CSF2120 (8/02) Page 1 of 2

{ Opus International Consultants Ltd

i Auckland Laboratory

Quahty Management Systems Certified to ISO 9001

Unit A, 7 Ride Way, Nth Harbour
Private Bag 10-1982, N.S.M.C,,
Auckland, New Zealand

i Telephone +064 9 415 4660
| Facsimile +0649 4154661
i Website www.opus.conz



Applied Pressure vs Void Ratio TEST REPORT

ONE DIMENSIONAL CONSOLIDATION PROPERTIES
7»)orus

Project : Manuka Reservoirs
Location: Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Contractor: Not Stated
Subcontractor: Not Stated
Sample reference: BH13/07,3.0 - 3.5m Specimen depth: 3.25 - 3.35 metres
Sampled by : Tom Van Deelen Date: 21/11/13
Date received : 21/11/13
Sample description : Grey; clayey SILT
Sampling method :  Push Tube Project No:  1-C0935.25
Sample condition:  As received LabRefNo:  006b/13
OEDOMETER APPARATUS No: S17D Client Ref.  Tom Van Deelen
Applied Pressure vs Void Ratio Plot
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1.460 . | i}
; !
1440 | ——————+ Ll bl | \ _.
5 1420 |- - -+ - . ' == ' ]
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Applied Pressure (kPa)
[Test Method: Notes:
JOne Dimensional Consolidation Test: NZS 4402:1986 Test 7.1 Load Increments applied at 2.02hr intervals
Water Content: NZS 4402;1986 Test 2.1 Folder No: SEC13/AU/050
Date tested : 02-03/12/13 Testing is covered by IANZ Accreditation
Date reported : 11/12/13 This report may only be reproduced in full
Tests indicated as
IANZ Approved Signatory , I @ g:';l‘::’;f;‘::o:’:
Thirushen Pillay RS eSo o/
Designation : Senior Civil Engineering Technician AESEEDNERICABORRORY
Date : 11/12/13
CSF 2120 (8/02) Page 2 of 2
Opus International Consultants Ltd {  Unit A, 7 Ride Way, Nth Harbour { Telephone +064 9 415 4660
Auckland Laboratory { Private Bag 10-1982, NSM.C, { Facsimile +064 94154661

Quality Management Systems Certified to 1SO 9001 ¢ Auckland, New Zealand i Website www.opus.conz



CONSOLIDATED UNDRAINED TRIAXTAL COMPRESSION
Test Report - Result Summary

7)opus

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Specimen Depth(m): 3.35-3.5m
Sample Reference: ~ BH13/07 Depth (m): 3.0 -3.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Grey; clayey SILT
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 006a/13
Client Ref No: Tom Van Deelen
Result at Maximum Stress Ratio Back Pressure saturated at 400 kPa
Specimen Effective INITIAL PROPERTIES Solid FINAL PROPERTIES
Stage Confining Densities (t/m*) Water Particle Densities (t/m?) Water
No Pressure Wet Dry Content Density Wet Dry Content
(kPa) (t/m®) (t/m) (%) (t/m’) (t/m’) (t/m’) (%)
1 75 1.70 1.12 51.3
2 150 2,70
3 300 (assumed) 1.80 1.20 49.7
Specimen Effective Deg of Saturation(Sr) |
Stage Confining Void Sr before Sr after Values at Maximum Stress Ratio
No Pressure Ratio Consolid, Consolid. 5183 m Strain
(kPa) (e (%) (%) (kPa) (kPa) (%)
1 75 1.40 99 100 154.4 36 341
2 150 239.4 67 2.82
3 300 338.9 134 2.58
Specimen Effective Coefficient Volume Coefficient Bat the
Stage Confining of Consolidation | Compressibility of Permesbility start of IANZ endorsement does not include the
No Pressure Cv My k test Cv, Mv and k values reported herein,
(kPa) (m*/year) (m*/MN) (m/s) Mv & Cv calculated for the following conditions;-
1 75 4 0.20 2.7E-10 L/D=2, RADIAL+TOP+BOTTOM Drainage
2 150 0.6 0.30 6.0E-11 95.00 Side Filter drains Used
3 300 0.5 0.180 2.7E-11 (L/D= Sample Length/Diameter,)
TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 37.06 |(kPa) Intercept d' 31.20 (kPa)
Beta b 15.97 (deg) Beta b 22.63 (deg)
Cohesion ¢ 39 (kPa) Cohesion c' 34 (kPa)
Phi £ 17 (deg) Phi £' 25 (deg)
Correl coeff | 0.9894 |2 Correl coeff 0.9943 '
Test Methods Notes:
Triaxial Test In House Cv and Mv have been rounded to 2 significant figures.
Based On: NZS 4402:1986 Test 6.2.1 L/D= Sample Length/Diameter.
Date Tested: 26/11/13 - 04/12/13
All tests reported
: hersin have besn
Date Reported 1012/13 frf I A N =
IANZ Approved Signatory: Date:  10/12/13 ACCREDITED LABORATORY teops sfacomisten
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 1 of 8
Opus International Consultants Itd | 7ARide Way. Albany Telephone +64 § 415 4660

Auckiand Laboratory

{  Private Bag 101982, NS Mail Centre, North
Quality Management Systems Certified to ISO 9001

Shore City 0745, New Zealand

Facsimile +64 9 415 4661
Website www.opus.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION

Test Report - Mohr Coulomb Envelope Plot o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  3.35 - 3.5m

Sample Reference: BH13/07 Depth (m): 3.0-3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; clayey SILT

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 006a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Mohr-Coulomb envelope plots  Result at Maximum Stress Ratio
Back Pressure Saturated at 400 kPa

Total Stress Plot Effective Stress Plot
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!
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Normal Stress (kPa) Normal Stress (kPa)
TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 37.06 (kPa) Intercept d' 31.20 (kPa)
Beta b 15.97 (deg) Beta b 22.63 (deg)
Cohesion ¢ 39 (kPa) Cohesion c' 34 (kPa)
Phi y; o} 17 (deg) Phi E' 25 (deg)
Cotrel coeff 0.9894 1.2 Correl coeff 0.9943 2
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13

ACCREDITED LABORATORY Scope of accreditation

. All tests reported
Date Reported: 101213 @@N d I N Tt

IANZ Approved Signatory: Date:  10/12/13

Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99) Page 2 of 8
Opus International Consultants Ltd i 7A Ride Way, Albany ! Telephone +64 9 415 4660
Auckland Laboratory ! Private Bag 101982, N'S Mail Centre, North | Facsimile +64 9 415 4661
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P vs Q Total Stress Plot % o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  3.35 - 3.5m

Sample Reference: ~ BH13/07 Depth (m): 3.0-3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method:  Push Tube

Description: Grey; clayey SILT

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 006a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P vs Q Total Stress Plot- Back Pressure saturated at 400 kPa
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Mean Principle Stress P (kPa)
& Tost Points ———Regression Line
TOTAL STRESS RESULT
Intercept d 37.06 (kPa)
Beta b 1597  |(deg)
Correl coeff 09894 |y
Cohesion ¢ 39 (kPa)
Phi & 17 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13
Date Reported: 10/12/13 I N Z e
scope of scordiiaton
IANZ Approved Signatory: Date:  10/12/13 ACCREDITED LARGRATORY °coF®
Designation: Thirushen Pillay- Senior Civil Engineering Technician
Page 3 of 8
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P' vs Q' Effective Stress Plot % o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m): 3.35-3.5m

Sample Reference: BH13/07 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; clayey SILT

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 006a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Effective Stress Plot-Back Pressure saturated at 400 kPa
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EFFECTIVE STRESS RESULT
Intercept d' 31.20 (kPa)
Beta b 22.63 (deg)
Correl coeff 09943 |,
Cohesion ¢' 34 (kPa)
Phi___ & 25 |(deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13
All tests reported
Date Reported: 10/12/13 I N e bavitosn
with the laboratory’s
ACCREDITED LABORATORY ®°°P® of accreditation
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - PvsQ Stress Path Plot % 0 P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  3.35-3.5m

Sample Reference: BH13/07 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; clayey SILT

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 006a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Stress Path (Effective Stress Plot) - Back Pressure saturated at 400 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13
Date Reported: 10/12/13 ) All st rported
© B
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Deviator StressPlot % O P U S

Project: Manuka Reservoirs

Location ; Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m): 3.35-3.5m

Sample Reference: BH13/07 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; clayey SILT

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 006a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Deviator Stress Plot- Back Pressure saturated at 400 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13

Date Reported: 10/12/13 W I
herein have besn
I A N performed in acoordance
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Pore Pressure Plot O P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m):  3.35 - 3.5m

Sample Reference: BH13/07 Depth (m): 3.0-3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; clayey SILT

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 006a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Pore Pressure Plot- Back Pressure saturated at 400 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13

Date Reported: 10112113 'im / I A N £ oty ropeed
performed in accordancs
| with the laboratory’s
Date:  10/12/13
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION

Displacement vs Ot Plot (Consolidation stage)

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Litd

Specimen Depth(m): 3.35-3.5m

7)) opus

Sample Reference: BH13/07 Depth (m): 3.0 - 3.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method ; Push Tube
Description: Grey; clayey SILT
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 006a/13
Client Ref No: Tom Van Deelen
Graph 1 Graph 2 Graph 3
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Test Methods Result
Triaxial Test In House ____ Confining Pressure (kPa)~ 75 | 150 300
Based On: NZS 4402:1986 Test 6.2.1 | cvmym| 408 058 047
B My@'MN<=| 021 | 033 | 018
kws=| 268E-10 | S9TE-11" | 2.70E-11 |
too= 11.6 { 81.0 100.0
Date Tested: 26/11/13 - 04/12/13
) eyl
Date Reported: 10/12/13 %wcj/ I N Eomedin eoranes
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UNCONFINED COMPRESSIVE STRENGTH
WITH YOUNG'S MODULUS OPUS
Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd ¢/o Opus International Consultants Ltd
Sampled by: Opus - Tom Van Deelen
Date sampled: 21/11/13
Sampling method: Not Stated
Sample description: Weak Sandstone
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/07 Lab ref number: 012/13
Sample depth (m): 6.15 - 6.30 Client ref: Tom Van Deelen
Folder number; SEC13/AU/050
Test results
Bulk density (t/m?) 2.05 Initial sample diameter (mm) 60.3
‘Water content (%) 17.6 Initial sample length (mm) 120.6
Dry density (t/m?) 1.75 Initial sample area (mm?) 2855.8
Maximum stress (kPa) 17000 Initial Length:Diameter ratio 2:1
Strain at failure (%) 0.58 Young's modulus (MPa) 7844
Mode of failure: Sheared For strain range 0.50 - 0.58%
Area corrected Stress (kPa) Vs Axial strain (%)
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Test Methods Notes
UCS: NZS 4402: 1986: Test 6.3.1 -Sample Descriptions are not covered by IANZ accreditation.
~The strain rate for this test was kept constant at 0.1mm/min.

Tested by: AJ Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.

Date tested: 22/11/13 This report may only be reproduced in full
Tests indicated

IANZ Approved Signatory ( ‘w @ S

Thirushen Pillay

Senior Civil Engineering Technician
LAF 017 (22/07/13)

Date : 09/12/13 .
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PLASTICITY INDEX
TEST REPORT 0 P U S
Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c¢/o Opus International Consultants Ltd
Contractor: Not Stated
Sampled by: Tom Van Deelen Date sampled: 21/11/13
Sampling method: Pushtube
Sample description: Brown; silty CLAY
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/09 Lab ref number: 007/13
Sample depth: 3.0-3.5m Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test Results
As rec'd water content: 59.0%
Liquid limit: 73
Plastic limit: 40
Plasticity Index: 33

Test methods Notes
'Water Content: NZS 4402 : 1986, Test 2.1 Test performed on: Fraction passing 0.425mm test sieve
Liquid Limit; NZS 4402 : 1986, Test 2.2 Sample descriptions are not covered by IANZ accreditation.
Plastic Limit: NZS 4402 : 1986, Test 2.3
Plasticity Index: NZS 4402 : 1986, Test 2.4

Date tested: 29/11/13 - 02/12/13
Date reported: ~ 10/12/2013

Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
This report may only be reproduced in full

IANZ Approved Signatory %‘@\f(/

Thirushen Pillay \
Designation: Senior Civil Engineering Technician
Date: 10/12/2013

LAF-103 (19/02/13)

Tests indicated as
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of the laboratory's
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ONE DIMENSIONAL CONSOLIDATION PROPERTIES

7) opus

TEST RESULT REPORT
Project : Manuka Reservoirs
Location: Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated
Subcontractor: Not Stated
Sample reference: BH13/09, 3.0 - 3.5m Specimen depth: 3.3 - 3.38 metres
Sampled by : Tom Van Deelen Date: 21/11/13
Date received : 21/11/13
Sampling method : Push Tube
Sample description : Brown; silty CLAY
Project No: 1-C0935.25
Sample condition : As received Lab RefNo:  007b/13
OEDOMETER APPARATUS No: S17D Client Ref: Tom Van Deelen
SOIL PROPERTIES
Specimen Dimensions: Initial Wet Density pbi (tm?) 1.51 |
Diameter (mm): 50.51 Initial Dry Density pdi (tm?) 0.97
 Initial height (mm): 19.76 | Final Dry Density |pdf (Ym?) 1.12
~ Final height (mm): 17.07 Initial Void Ratio €0 1.78
Initial mass of sample (_g_): 59.81 Final Void Ratio ef 1.40
Initial Degree of Saturation Si (%) Rz
Final Degree of Saturation Sf (%) 97 |
Solid Particle Density *Gs (t/m?) 2.70
INITIAL Water Content Wi (%) 557
FINAL Water Content Wf (%) 50.4
*(Gs is Assumed
CONSOLIDATION PROPERTIES
PRESSURE Pressure Void Intercept Volume Coefficient of Coeff, of
RANGE Increment Ratio 190 Compressibilty | Consolidation | Permeability
(kPa) (dp) (e) (min) Mv=m?*MN | Cv=m?year k=m/year
0-125 125 1.771 - - - - |
125 - 25 12.5 1.749 - - - -
25 - 50 25 | 1.728 0.81 0.3 52.0 0.15
50 - 100 50 1 1.691 1.00 0.27 42.0 0.11
100 - 200 100 1.620 1.00 0.26 41.0 0.11
200 - 400 200 1.493 1.21 0.24 32.0 0.075 ]
400 - 800 400 |1 1337 2.25 0.16 150 0.024
800 - 200 - 1.358 - - - -
200 - 50 - 1.383 - - - -
50 - 12.5 - 1.404 - - - -
Test Methods: Notes:
One Dimensional Consolidation Test. NZS 4402:1986 Test 7.1 Sample is saturated during test.
'Water Content NZS 4402:1986 Test 2.1 Load Increments applied at 1.667hr intervals
Folder No: SEC13/AU/050
Testing is covered by IANZ Accreditation
Date tested : 28-29/11/13 This report may only be reproduced in full
Date reported :  12/12/13
Tests indicated as
IANZ Approved Signatory } @ :3;::’::’:::«:?
. o Y of the laboratory®
. . Thirushen Pillay ACCREDITED LABORATORY =°°':d“=ﬂ°: ’
Designation : Senior Civil Engineering Technician
Date : 12/12/13
CSF 2120 (8/02) Page 1 of 2
{ Opus International Consultants Ltd Unit A, 7 Ride Way, Nth Harbour { Telephone +064 9 415 4660
! Aucdand Laboratory Private Bag 10-1982, N.SM.C,, Facsimile +064 9 415 4661
* Quality Management Systems Certified to ISO 9001 Auckland, New Zealand ! Website www.opus.co.nz



ONE DIMENSIONAL CONSOLIDATION PROPERTIES
;&Pplied Pressure vs Void Ratio TEST REPORT % O P U S

Project : Manuka Reservoirs
Location: Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Contractor: Not Stated
Subcontractor: Not Stated
Sample reference: BH13/09, 3.0 - 3.5m Specimen depth: 3.3 - 3.38 metres
Sampled by : Tom Van Deelen Date: 21/11/13

Date received : 21/11/13
Sample description : Brown; silty CLAY

Sampling method:  Push Tube Project No:  1-C0935.25
Sample condition:  As received LabRefNo:  007b/13
OEDOMETER APPARATUS No: S17D ClientRef.  Tom Van Deelen

Applied Pressure vs Void Ratio Plot
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|Test Method: Notes:
|One Dimensional Consolidation Test: NZS 4402:1986 Test 7.1 Load Increments applied at 1.667hr intervals
Water Content: NZS 4402:1986 Test 2.1 Folder No: SEC13/AU/050

Date tested : 28-29/11/13 Testing is covered by IANZ Accreditation
Date reported : 12/12/13 This report may only be reproduced in full

A Tests Indicated as
IANZ Approved Signatory ® 23:;7::’3?.'?:&':
Thirushen P illay of the laboratory's

Designation : Senior Civil Engineering Technician ACCREDITED LABORATORY  accreditation
Date : 12/12/13
CSF 2120 (8/02) Page 2 of 2

Opus International Consultants Ltd = Unit A, 7 Ride Way, Nth Harbour ! Telephone +064 9 415 4660
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Result Summary o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Specimen Depth(m): 3.38-3.5m
Sample Reference: BH13/09 Depth (m): 3.0 - 3.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Brown; silty CLAY
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 007a/13
Client Ref No: Tom Van Deelen
Result at Maximum Stress Ratio Back Pressure saturated at 400 kPa
Specimen Effective INITIAL PROPERTIES Solid FINAL PROPERTIES
Stage Confining Densities (t/m’) Water Particle Densities (t/m°) Water
No Pressure Wet Dry Content Density Wet Dry Content
(kPa) {t/m*) (t/m®) (%) (t/m’) (t/m*) (tm*) (%)
1 75 1.64 1.03 59.3
150 2.70
3 300 (assumed) 1.72 1.12 53.0
Specimen Effective | Deg of Saturation(St)
Stage Confining Void Sr before Sr after Values at Maximum Stress Ratio
No Pressure Ratio Consolid. Consolid. $1-5; m Strain
(kPa) (e) (%) (%) (kPa) (kPa) (%)
1 75 1.62 99 100 77.0 31 2.16
2 150 111.5 76 225
3 300 190.9 180 4.60
Specimen Effective Coefficient Volume Coefficient B at the
Stage Confining of Consolidation | Compressibility of Permeability start of TANZ endorsement does not include the
No Pressure Cv My k test Cv, Mv and k values reported herein.
(kPa) (m*/year) (m*/MN) (m/s) Mv & Cv calculated for the following conditions:-
1 75 1 0.20 8.6E-11 L/D=2, RADIAL+TOP+BOTTOM Drainage
2 150 0.6 0.30 6.2E-11 100.00 Side Filter drains Used
3 300 0.3 0.300 2.5E-11 (L/D= Sample Length/Diameter.)
TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 14.86 (kPa) Intercept d' 1.56 (kPa)
Beta b 11.48 (deg) Beta b 23.39 (deg)
Cohesion ¢ 15 (kPa) Cohesion ¢' 2 (kPa)
Phi £ 12 (deg) Phi ' 26 (deg)
Correl coeff 0.9993 | Correl coeff 0.9966 r
Test Methods Notes:
Triaxial Test In House Cv and Mv have been rounded to 2 significant figures.
Based On: NZS 4402:1986 Test 6.2.1 L/D= Sample Length/Diameter.
Date Tested: 26/11/13 - 04/12/13
Date Reported: 10/12/13 I A N Z %:%ﬁmm
IANZ Approved Signatory: Date:  10/12/13 ACEREDITED LABORATORY *o s
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 1 of 8
Opus International Consultants Ltd i 7A Ride Way, Albany ! Telephone +64 9 415 4660
Auckiand Laboratory Private Bag 101982, NS Mail Centre,North | Facsimile +64 9 415 4661
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Mohr Coulomb Envelope Plot % o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  3.38 - 3.5m

Sample Reference: ~ BH13/09 Depth (m): 3.0 -3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; silty CLAY

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 007a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXTAL COMPRESSION TEST RESULT
Mohr-Coulomb envelope plots  Result at Maximum Stress Ratio
Back Pressure Saturated at 400 kPa

Total Stress Plot Effective Stress Plot
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TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 14.86 (kPa) Intercept d' 1.56 (kPa)
Beta b 11.48 (deg) Beta b 23.39 (deg)
Cohesion ¢ 15 (kPa) Cohesion ¢' 2 (kPa)
Phi & 12 (deg) Phi E' 26 (deg)
Correl coeff 0.9993 |2 Correl coeff 0.9966 2
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13

ACCREDITED LABORATORY #c0bs of accreditation

X Al tests reported
Date Reported: 10/12/13 @ I N z m&:ﬁu

IANZ Approved Signatory: Date:  10/12/13

Designation: Thirushen Fillay- Senior Civil Engineering Technician
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P vs Q Total Stress Plot % o P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m): 3.38 - 3.5m

Sample Reference:  BH13/09 Depth (m): 3.0-3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; silty CLAY

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 007a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P vs Q Total Stress Plot- Back Pressure saturated at 400 kPa
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Intercept d 14.86 (kPa)
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Cohesion ¢ 15 (kPa)

Phi_ & 12 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13

All tosts rey
Date Reported: 10/12/13 I N Z e
Scope of sccrediion
IANZ Approved Signatory: Date:  10/12/13 AGCREDITED LABORATORY
Designation: Thirushen Pillay- Senior Civil Engineering Technician
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P' vs Q' Effective Stress Plot % O P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  3.38 -3.5m

Sample Reference: BH13/09 Depth (m): 3.0 -3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method:  Push Tube

Description: Brown; silty CLAY

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 007a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Effective Stress Plot-Back Pressure saturated at 400 kPa
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EFFECTIVE STRESS RESULT
Intercept d' 1.56 (kPa)
Beta b’ 23.39  [(deg)
Correl coeff 09966 |1
Cohesion ¢' 2 (kPa)
Phi_ & 26 |(deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13
All tosts raported
Date Reported: 10/12/13 I N e
with the laboratory's
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - PvsQ Stress Path_Plot % O P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m): 3.38 - 3.5m

Sample Reference: BH13/09 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; silty CLAY

Comments: Multistage Test,
Project No: 1-C0935.25
Lab Ref No: 007a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Stress Path (Effective Stress Plot) - Back Pressure saturated at 400 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1

Date Tested: 26/11/13 - 04/12/13

Date Reported: 10/12/13 I ) Z Alltats roportnd
A o
Date:  10/12/13

IANZ Approved Signatory: ACCREDITED LABORATORY ®°0pe of acaraditation
Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99) Page 5 of 8
Opus International Consultants Ltd {  7ARide Way, Albany i Telephone +64 9 415 4660
Auckland Laboratory Private Bag 101982, NS Mail Cenire, North | Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001 Shore City 0745, New Zealand i Website WWW.0pUs.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Deviator StressPlot 0 P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m): 3.38 - 3.5m

Sample Reference: ~ BH13/09 Depth (m): 3.0 - 3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method:  Push Tube

Description: Brown,; silty CLAY

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 007a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Deviator Stress Plot- Back Pressure saturated at 400 kPa
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Test Method Notes
Triaxial Test In House

Based On: NZS 4402:1986 Test 6.2.1

Date Tested: 26/11/13 - 04/12/13

Date Reported: 10/12/13 All tosts regortad
‘ hersin have been
; : : I N e oy
IANZ Approved Signatory: Date: 10/12/13

ACCREDITED LABORATORY *°°P® of accreditation
Designation: Thirushen Pillay- Senior Civil Engineering Technician
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Pore Pressure Plot O P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c¢/o Opus International Consultants Ltd

Specimen Depth(m):  3.38 - 3.5m

Sample Reference: BH13/09 Depth (m): 3.0 -3.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Brown; silty CLAY

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 007a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Pore Pressure Plot- Back Pressure saturated at 400 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 04/12/13

Date Reported: 10/12/13 " Horein b o
@ performed in accordance
with the Iaboratory’s
Date:  10/12/13

IANZ Approved Signatory: ACCREDITED LABORATORY *°°P® of accreditation
Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99) Page 7 of 8
Opus International Consultants Ltd {  7ARide Way, Albany i Telephone +64 S 415 4660
Auckiand Laboratory | Private Bag 101982, NS Mail Centre,North | Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001 Shore City 0745, New Zealand | Website WWW.0pUs.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Displacement vs Ot Plot (Consolidation stage) 0 P U S

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Specimen Depth(m):  3.38 - 3.5m
Sample Reference: BH13/09 Depth (m): 3.0 - 3.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Brown; silty CLAY
Comments: Multistage Test,
Project No: 1-C0935.25
Lab Ref No: 007a/13
Client Ref No: Tom Van Deelen
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Test Methods Result
Triaxial Test In House __ Confining Pressure (kPa)~! 75 150 . 300
Based On: NZS 4402:1986 Test 6.2.1 | Cvmyn=] 124 1 059 | 027 |
My@MN= 023 | 034 | 030
I K@= 864E-11_ | 625E-11 | 253E-11 |
ti00= 384 81.0 174.2
Date Tested: 26/11/13 - 04/12/13

ACCREDITED LABORATORY $cope of accraditation

Z All tasts reported
o harsin have been
| \

IANZ Approved Signatory: Date:  10/12/13
Designation: Thirushen Pillay- Senior Civil Engineering Technician
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PLASTICITY INDEX

TEST REPORT

) orus

Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated
Sampled by: Tom Van Deelen Date sampled: 21/11/13
Sampling method: Pushtube
Sample description: Grey; siltstone
Sample condition: As received Project number; 1-C0935.25
Sample reference: BH13/09 Lab ref number: 008/13
Sample depth: 6.0 - 6.5m Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test Results
As rec'd water content: 41.6%
Liquid limit: 58
Plastic limit: 36
Plasticity Index: 22
Test methods Notes
'Water Content: NZS 4402 : 1986, Test 2.1 Test performed on: Fraction passing 0.425mm test sieve
Liquid Limit: NZS 4402 : 1986, Test 2.2 [Sample descriptions are not covered by IANZ accreditation.
Plastic Limit; NZS 4402 : 1986, Test 2.3
Plasticity Index: NZS 4402 : 1986, Test 2.4
Date tested: 29/11/13 Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
Date reported: ~ 10/12/2013 This report may only be reproduced in full
TANZ Approved Signatory %@/"K )
Thirushen Pillay s IZT':JJ':&L'?:":Q
Designation: Senior Civil Engineering Technician ©@ of the Tatoeaere
Date: 10/12/2013 ACCREDITED LABORATQRY 2ccreditation

LAF-103 (19/02/13)

Page lofl

Opus International Consultants Ltd

Auckland Laboratory

{ Quality Management Systems Certified to ISO 9001

7A Ride Way, Albany
Private Bag 101982, NS Mail Centre, North
Shore City 0745, New Zealand

Telephone +64 9 415 4660
Facsimile +64 9 415 4661
Website www.opus.co.nz




ONE DIMENSIONAL CONSOLIDATION PROPERTIES

7)) oprus

TEST RESULT REPORT
Project : Manuka Reservoirs
Location: Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated
Subcontractor: Not Stated
Sample reference: BH13/09, 6.0 - 6.5m Specimen depth: 6.3 - 6.35 metres
Sampled by : Tom Van Deelen Date: 21/11/13
Date received : 2111113
Sampling method : Push Tube
Sample description : Grey; Siltstone
Project No:  1-C0935.25
Sample condition : As received Lab Ref No. 008b/13
OEDOMETER APPARATUS No: S17C Folder No:  SEC13/AU/050
SOIL PROPERTIES i
Specimen Dimensions:  Initial Wet Density pbi (tm?) 1.68
~ Diameter (mm). | 50.53 Initial Dry Density pdi (tm?) 1.20
Initial height (mm): | 16.08 Final Dry Density ~_ |pdf (tm3) 1.30 |
Final height (mm): | 14.87 B Initial Void Ratio €0 1.25
Initial mass of sample (g): 54.15 Final Void Ratio ef 1.08
Initial Degree of Saturation Si (%) 86
| Final Degree of Saturation Sf (%) 100
‘Solid Particle Density *Gs (Ym?) 2.70
INITIAL Water Content Wi (%) 40.1
FINAL Water Content Wi (%) 40.9

*Gs is Assumed

CONSOLIDATION PROPERTIES

PRESSURE Pressure Void Intercept Volume Coefficient of | Coeff. of
RANGE Increment Ratio 190 Compressibilty] Consolidation| Permeability
(kPa) _ (dp) (e) (min) Mv=m?MN | Cv=m?3year k=m/year
0-125 12.5 1.242 1219 | - . _
L2125 -25 125 1225 | 030 | 059 [ 940 | 054 .
_..25-50 o2 1212 169 | 025 | 170 | 0041 |
50 - 100 50 _1.190 144 | 02 __19.0 0.037 |
.. 100 -200 100 ) 1161 ) 077 ) 013 | 350 | 0.045
... 200 - 400 _.._.200 ~ 1118 | o069 | 01 | 380 | 0038 |
| 400 - 800 400 1.039 1.00 0.003 250 | 0.023 |
| 800 - 200 1 - 1.055 - - - - ~
200 - 50 B - l1_1072 - - - D
_ 50-125 : 1084 | - - - -
[Test Methods: Notes:
|Ore Dimensional Consolidation Test. NZS 4402:1986 Test 7.1 Sample is saturated during test.
Water Content NZS 4402:1986 Test 2.1 ILoad Increments applied at 1.66hr intervals
Testing is covered by IANZ Accreditation
Date tested : 28 - 29/11/13 This report may only be reproduced in full
Date reported : 11/12/13
H Tests Indicated as
IANZ Approved Signatory /q I N Z :&“u‘?:f:-den::;':
Thirushen Pillay ACCREDITED LABORATORY secrectiton -
Designation:  Senior Civil Engineering Technician
Date : 11/12/13
CSF 2120 (8/02) Page 1 of 2
{ Opus International Consultants Ltd Unit A, 7 Ride Way, Nth Harbour | Telephone +064 9 415 4660

{ Auckland Laboratory

¥ Quality Management Systems Certified to ISO 9001

Private Bag 10-1982, N.S.M.C.,
Auckland, New Zealand

i Facsimile +0649 4154661
! Website www.opus.co.nz



ONE DIMENSIONAL CONSOLIDATION PROPERTIES
Applied Pressure vs Void Ratio TEST REPORT 0 P U S

Project : Manuka Reservoirs
Location: Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated
Subcontractor: Not Stated
Sample reference: BH13/09, 6.0 - 6.5m Specimen depth: 6.3 - 6.35 metres
Sampled by : Tom Van Deelen Date: 21/11/113
Date received : 2111113
Sample description : Grey; Siltstone
Sampling method : Push Tube Project No:  1-C0935.25
Sample condition : As received Lab Ref No: 008b/13
OEDOMETER APPARATUS No: S17C Folder No. SEC13/AU/050
Applied Pressure vs Void Ratio Plot
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[Test Method: Notes:
One Dimensional Consolidation Test: NZS 4402:1986 Test 7.1 |Load Increments applied at 1.66hr intervals
Water Content: NZS 4402:1986 Test 2.1
Date tested : 28 - 29/11/13 Testing is covered by IANZ Accreditation
Date reported : 11/12/13 This report may only be reproduced in full
IANZ Approved Signatory /WW . ot acoreckted are
Thirushen Pillay © Sutside fhwscons
Designation : Senior Civil Engineering Technician ACCREDITED LABORATORY accreditation
Date : 11/12/13
CSF 2120 (8/02) Page 2 of 2
Opus International Consultants Ltd {  UnitA, 7Ride Way, Nth Harbour { Telephone +064 9 415 4660
Auckland Labor atory Private Bag 10-1982, NSM.C,, Facsimile +064 9 415 4661

Quality Management Systems Certified to ISO 9001 f  Auckland, New Zealand i Website www.opus.co.nz



CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Result Summary

7)opus

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd c/o Opus International Consultants Ltd
Specimen Depth(m):  6.35 - 6.5m
Sample Reference: BH13/09 Depth (m): 6.0 - 6.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method:  Push Tube
Description: Grey; siltstone
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 008a/13
Client Ref No: Tom Van Deelen
Result at Maximum Stress Ratio Back Pressure saturated at 350 kPa
Specimen Effective INITIAL PROPERTIES Solid FINAL PROPERTIES
Stage Confining Densities (t/m°) Water Particle Densities (t/m>) Water
No Pressure Wet Dry Content Density Wet Dry Content
(kPa) (t/m®) (tYm*) (%) (t/m’) (t/m*) (t/m*) %)
1 75 1.80 1.31 37.8
2 150 2.70
3 300 (assumed) 1.89 1.36 39.0
Specimen Effective Deg of Saturation(Sr)
Stage Confining Void Sr before Sr after Values at Maximum Stress Ratio
No Pressure Ratio Consolid. Consolid 8183 m Strain
(kPa) () %) (%) (kPa) (kPa) (%)
1 75 1.06 96 100 263.3 i/ 3.25
2 150 370.9 40 2.18
3 300 439.1 50 2.21
Specimen Effective Coefficient Volume Coefficient B at the
Stage Confining of Consolidation | Compressibility of Permeability start of IANZ endorsement does not include the
No Pressure Cv Mv K test Cv, Mv and k values reported herein.
(kPa) (m/year) (m*/MN) (mss) Mv & Cv calculated for he following conditions:-
1 75 5 0.20 34E-10 /D=2, RADIAL+TOP+BOTTOM Drainage
2 150 47 0.10 2.0E-10 96.00 Side Filter drains Used
3 300 6.6 0.080 1.7E-10 (L/D= Sample Length/Diameter.)
TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 81.79 (kPa) Intercept &' 79.23 (kPa)
Beta b 1534  |(deg) Beta b 17.22 (deg)
Cohesion ¢ 85 (kPa) Cohesion ¢' 83 (kPa)
Phi & 16 |(deg) Phi &' 18 (deg)
Correl coeff | 0.9477 |2 Correl coeff 0.9155 rz
Test Methods Notes:
Triaxial Test In House Cv and Mv have been rounded to 2 significant figures.
Based On: NZS 4402:1986 Test 6.2.1 L/D= Sample Length/Diameter.
Date Tested: 26/11/13 - 29/11/13
All tests raported
N o heteln have bean
Date Reported: 1012/13 u’ I N .
IANZ Approved Signatory: Date:  10/12/13 ACCREDITED LABORATORY  #eoes ofseesdition
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 1 of 8
Opus International Consultants Ltd i 7A Ride Way, Albany ! Telephone +64 S 415 4660
Auckland Laboratory | Private Bag 101982, N'S Mail Centre, North | Facsimile +64 9 415 4661

Quality Management Systems Certified to ISO 9001 Shore City 0745, New Zealand
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Mohr Coulomb Envelope Plot

OPUS

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  6.35 - 6.5m

Sample Reference: BH13/09 Depth (m): 6.0 - 6.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; siltstone

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 008a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Mohr-Coulomb envelope plots  Result at Maximum Stress Ratio
Back Pressure Saturated at 350 kPa
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TOTAL STRESS RESULT EFFECTIVE STRESS RESULT
Intercept d 81.79 |(kPa) Intercept d' 79.23 (kPa)
Beta b 1534  |(deg) Beta b 17.22 (deg)
Cohesion ¢ 85 (kPa) Cohesion c' 83 (kPa)
Phi £ 16 (deg) Phi £’ 18 (deg)
Correl coeff 0.9477 |2 Correl coeff 0.9155 £
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 29/11/13

ACCREDITED LABORATORY *cope of accreditation

. All tasts reported
Date Reported: 10/12/13 r/g &v/c l N E.n%“:.:.::::m,
\ W

IANZ Approved Signatory: Date:  10/12/13

Designation: Thirushen Pillay- Senior Civil Engineering Technician

CSF 2130 (6/99) Page 2 of 8
Opus International Consultants Ltd i 7ARide Way, Albany i Telephone +649 415 4660
Auckland Laboratory Private Bag 101982, NS Mail Centre, North l Facsimile +64 9 415 4661
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION

Test Report - P vs Q Total Stress Plot

7D orus

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m):  6.35 - 6.5m
Sample Reference: BH13/09 Depth (m): 6.0 - 6.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Greys; siltstone
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 008a/13
Client Ref No: Tom Van Deelen
Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P vs Q Total Stress Plot- Back Pressure saturated at 350 kPa
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TOTAL STRESS RESULT
Intercept d 81.79 (kPa)
Beta b 15.34 (deg)
Correl coeff 09477 |/
Cohesion ¢ 85 (kPa)
Phi_ E 16 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 29/11/13
. All tests reported
Date Reported: 10/12/13 %\@’1 I N Z E:m:_"'&i:::,,m
IANZ Approved Signatory: Date:  10/12/13 ACCREDITED LABORATDRY s 4 oo
Designation: Thirushen Pillay- Senior Civil Engineering Technician
Page 3 of 8
Opus International Consultants Ltd 7A Ride Way, Albany Telephone +64 6 415 4660

Auckland Laboratory !
Quality Management Systems Certified to ISO 9001

Private Bag 101982, NS Mail Centre, North
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - P' vs Q' Effective Stress Plot % o P U S

Project: Manuka Reservoirs

Location ; Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  6.35 - 6.5m

Sample Reference: ~ BH13/09 Depth (m): 6.0 - 6.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; siltstone

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 008a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Effective Stress Plot-Back Pressure saturated at 350 kPa
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¢ Test Points ———Regression Line
EFFECTIVE STRESS RESULT
Intercept d' 79.23 (kPa)
Beta b 17.22 (deg)
Correl coeff 09155 |
Cohesion ¢' 83 (kPa)
Phi £ 18 (deg)
Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 -29/11/13

ACCREDITED LABORATORY *00%® of accreriitation

All tests reported
Date Reported: 10/12/13 W I N parfonmed it ssordance
with the laboratory's

IANZ Approved Signatory: Date:  10/12/13
Designation: Thirushen Pillay- Senior Civil Engineering Technician

Page 4 of 8
Opus Intemational Consultants Ltd i 7A Ride Way, Albany { Telephone +64 9 415 4660
Auckland Laboratory ! Private Bag 101982, NS Mail Centre, North : Facsimile +64 9 415 4661
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - PvsQ Stress Path Plot % O P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd c/o Opus International Consultants Ltd

Specimen Depth(m):  6.35 - 6.5m

Sample Reference: BH13/09 Depth (m): 6.0 - 6.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; siltstone

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 008a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
P' vs Q' Stress Path (Effective Stress Plot) - Back Pressure saturated at 350 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 29/11/13
Date Reported: 10/12/13 I . N All tets reporied
Mﬂ-mﬂ-.l: in lecordnneo
IANZ Approved Signatory: Date:  10/12/13 ACCREDITED LABORATORY >0 o cordiaion
Designation: Thirushen Pillay- Senior Civil Engineering Technician
CSF 2130 (6/99) Page 5 of §
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Deviator StressPlot % 0 P U S

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m):  6.35 - 6.5m

Sample Reference: BH13/09 Depth (m): 6.0 - 6.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; siltstone

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 008a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Deviator Stress Plot- Back Pressure saturated at 350 kPa
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Test Method Notes
Triaxial Test In House
Based On: NZS 4402:1986 Test 6.2.1
Date Tested: 26/11/13 - 29/11/13
Date Reported: 10/12/13 ,\g@/‘/( Al teats reporied
herein have been
I A N performed in accordance

IANZ Approved Signatory: Date:  10/12/13 ACCREDITED LABORATORY, $¢0P of soordhaton
Designation: Thirushen Pillay- Senior Civil Engineering Technician
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION
Test Report - Strain vs Pore Pressure Plot

7)) orus

Project: Manuka Reservoirs

Location : Manuka Reservoirs

Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd

Specimen Depth(m):  6.35 - 6.5m

Sample Reference: BH13/09 Depth (m): 6.0 - 6.5

Sampled by: Tom Van Deelen Date Sampled: 21/11/13

Sampling Method : Push Tube

Description: Grey; siltstone

Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 008a/13
Client Ref No: Tom Van Deelen

Consolidated Undrained TRIAXIAL COMPRESSION TEST RESULT
Strain vs Pore Pressure Plot- Back Pressure saturated at 350 kPa
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CONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION

Displacement »s Ot Plot (Consolidation stage)

OPUS

Project: Manuka Reservoirs
Location : Manuka Reservoirs
Client : Watercare Services Ltd ¢/o Opus International Consultants Ltd
Specimen Depth(m):  6.35 - 6.5m
Sample Reference: BH13/09 Depth (m): 6.0 - 6.5
Sampled by: Tom Van Deelen Date Sampled: 21/11/13
Sampling Method : Push Tube
Description: Grey; siltstone
Comments: Multistage Test.
Project No: 1-C0935.25
Lab Ref No: 008a/13
Client Ref No: Tom Van Deelen
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PLASTICITY INDEX

TEST REPORT

M orus

Project: Manuka Reservoirs
Location: Manuka Reservoirs
Client: Watercare Services Ltd c/o Opus International Consultants Ltd
Contractor: Not Stated
Sampled by: Tom Van Deelen Date sampled: 21/11/13
Sampling method: Core Sample
Sample description: Greys; siltstone
Sample condition: As received Project number: 1-C0935.25
Sample reference: BH13/09 Lab ref number: 009/13
Sample depth: 9.45 - 9.65m Client ref: Tom Van Deelen
Folder number: SEC13/AU/050
Test Results
As rec'd water content: 44.3%
Liquid limit: 60
Plastic limit: 43
Plasticity Index: 17

Test methods Notes
Water Content: NZS 4402 : 1986, Test 2.1 Test performed on: Fraction passing 0.425mm test sieve
Liquid Limit: NZS 4402 : 1986, Test 2.2 Sample descriptions are not covered by IANZ accreditation,
Plastic Limit: NZS 4402 : 1986, Test 2.3
Plasticity Index: NZS 4402 : 1986, Test 2.4

Date tested: 29/11/13
Date reported:  10/12/2013

IANZ Approved Signatory @M

Thirushen Pillay \
Designation: Senior Civil Engineering Technician
Date: 10/12/2013

Sampling is not covered by IANZ Accreditation. Results apply only to sample tested.
This report may only be reproduced in full

Tests indicated as

o not accredited are
@ outside the scope
of the laboratory's

ACCREDITED LABORATORY 3ccreditation

LAF-103 (19/02/13) Page 1 of |
. Opus International Consultants Ltd 7A Ride Way, Albany i Telephone +64 9 415 4660
Auckland Laboratory Private Bag 101982, NS Mail Centre, North Facsimile +64 9 415 4661
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Appendix G
Contamination Testing Results



R J Hill Laboratories Limited | Tel ~ +64 7 858 2000

/ Hlll Laboratories oss=.""" |z, s

BETTER TESTING BETTER RESULTS Hamilton 3240, New Zealand | Web  www.hill-labs.co.nz

ANALYSIS REPORT Page 1 of 2

Client: | OPUS International Consultants Lab No: 1200626 SPv1
Contact: | Tom Van Deelen Date Registered: | 07-Nov-2013
C/- OPUS International Consultants Date Reported: 18-Nov-2013
PO Box 5848 Quote No:
AUCKLAND 1141 Order No: 1-C095.25
Client Reference: | Manuka Reservoirs 1-C0935
Submitted By: Tom Van Deelen

Sample Type: Soil

Sample Name: | HA13/01-1.0m HA13/01-3.0m HA13/02-0.5m HA13/02-2.0m HA13/03-1.0m
04-Nov-2013 04-Nov-2013 04-Nov-2013 04-Nov-2013 04-Nov-2013
Lab Number: 1200626.1 1200626.2 1200626.3 1200626.4 1200626.5

Individual Tests
Dry Matter 9/100g as rcvd 64 61 75 64 64
Heavy metal screen level As,Cd,Cr,Cu,Ni,Pb,Zn

Total Recoverable Arsenic mg/kg dry wt <2 <2 <2 <2 <2
Total Recoverable Cadmium mg/kg dry wt <0.10 0.15 <0.10 <0.10 <0.10
Total Recoverable Chromium mg/kg dry wt 24 24 22 24 26
Total Recoverable Copper mg/kg dry wt 12 42 7 25 34
Total Recoverable Lead mg/kg dry wt 6.7 8.9 7.2 6.1 10.1
Total Recoverable Nickel mg/kg dry wt 4 27 3 8 9
Total Recoverable Zinc mg/kg dry wt 25 97 18 39 a7
Polycyclic Aromatic Hydrocarbons Screening in Sail

Acenaphthene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Acenaphthylene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Anthracene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Benzo[a]anthracene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Benzo[a]pyrene (BAP) mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Benzo[b]fluoranthene + Benzo[j] ~ mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
fluoranthene

Benzo[g,h,i]perylene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Benzo[k]fluoranthene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Chrysene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Dibenzo[a,h]anthracene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Fluoranthene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Fluorene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Indeno(1,2,3-c,d)pyrene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Naphthalene mg/kg dry wt <0.17 <0.18 <0.15 <0.18 <0.17
Phenanthrene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04
Pyrene mg/kg dry wt <0.04 <0.04 <0.03 <0.04 <0.04

Sample Name; | HA13/03-3.0m
04-Nov-2013

Lab Number: 1200626.6

Individual Tests
Dry Matter g/100g as rcvd | 65 - - - -
Heavy metal screen level As,Cd,Cr,Cu,Ni,Pb,Zn

Total Recoverable Arsenic mg/kg dry wt <2 - - - -
Total Recoverable Cadmium mg/kg dry wt 0.11 - - - -
Total Recoverable Chromium mg/kg dry wt 30 - - - -
Total Recoverable Copper mg/kg dry wt 40 - - - -
& UK , 823 This Laboratory is accredited by International Accreditation New Zealand (IANZ), which represents New Zealand in the International
M 365 g% Laboratory Accreditation Cooperation (ILAC). Through the ILAC Mutual Recognition Arrangement (ILAC-MRA) this accreditation is
M @ internationally recognised.
%, /\ The tests reported herein have been performed in accordance with the terms of accreditation, with the exception of tests marked *, which

“ialyls \\ laboratory are not accredited.



Sample Type: Soil

Sample Name: | HA13/03-3.0m
04-Nov-2013
Lab Number: 1200626.6
Heavy metal screen level As,Cd,Cr,Cu,Ni,Pb,Zn
Total Recoverable Lead mg/kg dry wt 6.7 - - - -
Total Recoverable Nickel mg/kg dry wt 23 - - - -
Total Recoverable Zinc mg/kg dry wt 81 - - - -
Polycyclic Aromatic Hydrocarbons Screening in Sail
Acenaphthene mg/kg dry wt <0.04 - - - -
Acenaphthylene mg/kg dry wt <0.04 - - - -
Anthracene mg/kg dry wt <0.04 - - - -
Benzo[a]anthracene mg/kg dry wt <0.04 - - - -
Benzo[a]pyrene (BAP) mg/kg dry wt <0.04 - - - -
Benzo[b]fluoranthene + Benzo[j] ma/kg dry wt <0.04 - - - -
fluoranthene
Benzo[g,h,i]perylene mg/kg dry wt <0.04 - - - -
Benzo[k]fluoranthene mg/kg dry wt <0.04 - - - -
Chrysene mg/kg dry wt <0.04 - - - -
Dibenzo[a,h]anthracene mg/kg dry wt <0.04 - - - -
Fluoranthene mg/kg dry wt <0.04 - - - -
Fluorene mg/kg dry wt <0.04 - - - -
Indeno(1,2,3-c,d)pyrene mg/kg dry wt <0.04 - - - -
Naphthalene mg/kg dry wt <0.17 - - - -
Phenanthrene mg/kg dry wt <0.04 - - - -
Pyrene mg/kg dry wt <0.04 - - - -

SUMMARY OF METHODS

The following table(s) gives a brief description of the methods used to conduct the analyses for this job. The detection limits given below are those attainable in a relatively clean matrix.
Detection limits may be higher for individual samples should insufficient sample be available, or if the matrix requires that dilutions be performed during analysis.

Sample Type: Soil

Test Method Description Default Detection Limit |Sample No
Environmental Solids Sample Air dried at 35°C and sieved, <2mm fraction. - 1-6
Preparation Used for sample preparation.
May contain a residual moisture content of 2-5%.
Heavy metal screen level Dried sample, <2mm fraction. Nitric/Hydrochloric acid digestion, - 1-6
As,Cd,Cr,Cu,Ni,Pb,Zn ICP-MS, screen level.
Polycyclic Aromatic Hydrocarbons Sonication extraction, Dilution or SPE cleanup (if required), GC- - 1-6
Screening in Soil MS SIM analysis (modified US EPA 8270). Tested on as
received sample.
[KBIs:5786,2805,2695]
Dry Matter (Env) Dried at 103°C for 4-22hr (removes 3-5% more water than air 0.10 g/100g as rcvd 1-6
dry) , gravimetry. US EPA 3550. (Free water removed before
analysis).
Total Recoverable digestion Nitric / hydrochloric acid digestion. US EPA 200.2. - 1-6

These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.

Samples are held at the laboratory after reporting for a length of time depending on the preservation used and the stability of
the analytes being tested. Once the storage period is completed the samples are discarded unless otherwise advised by the

client.

This report must not be reproduced, except in full, without the written consent of the signatory.

Graham Corban MSc Tech (Hons)

Client Services Manager - Environmental Division

Lab No: 1200626v 1

Hill Laboratories
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