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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 16th of October to the 8th 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 5th and 6th 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 21st to the 23rd 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. 
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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 4th 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 3.0 m 

3.3 m 

3.35 m 

4.0 m 

6.7 m 

7.2 m 

9.4 m 

11.55 m 

Plasticity Index 

One Dimensional Consolidation 

Consolidated Undrained Triaxial 

Particle Size Distribution 

Unconfined Compressive Strength 

Unconfined Compressive Strength 

Unconfined Compressive Strength 

Unconfined Compressive Strength 

BH 13/03 3.0 m 

3.25 m 

3.4 m 

4.2 m 

6.0 m 

6.35 m 

10.5 m 

 

Plasticity Index 

Consolidated Undrained Triaxial  

One Dimensional Consolidation 

Plasticity Index 

Plasticity Index 

Consolidated Undrained Triaxial 

Plasticity Index 

 

BH 13/07 3.0 m 

3.25 m 

3.35 m 

6.15 m 

Plasticity Index  

One Dimensional Consolidation 

Consolidated Undrained Triaxial 

UCS 
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Borehole Depth Test 

BH 13/09 3.0 m 

3.3 m 

3.38 m 

6.0 m 

6.3 m 

6.35 m 

9.45 m 

Plasticity Index 

One Dimensional Consolidation 

Consolidated Undrained Triaxial  

Plasticity Index 

One Dimensional Consolidation 

Consolidated Undrained Triaxial 

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 7th 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 19th 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. 

 



 

 

 

 

 

 

Appendix A 

Geotechnical Site Plan 

  



 

 

M
a
n
u
k
a
 R
o
a
d
 R
e
s
e
r
v
o
ir
s
- 
P
r
o
p
o
s
e
d
 I
n
v
e
s
ti
g
a
ti
o
n
s
 

K
e
y
 

(R
e
v
is
io
n
 2
: 
C
P
T
 a
d
d
e
d
 a
t 
r
e
c
ta
n
g
u
la
r
 t
a
n
k
 s
it
e
, 
B
H
13
/1
2
 m

o
v
e
d
 s
o
u
th
) 

N
o
te
 

B
H
 =
 B
o
re
h
o
le
 (
n
o
m
in
a
ll
y
 1
5
 m

 d
ee
p
, 
ex
ce
p
t 
B
H
 1
3
/0

8
 a
t 
3
0
 m

) 
A
ll
 i
n
v
es
ti
g
a
ti
o
n
 s
it
es
 a
p
p
ro
x
im

a
te
 o
n
ly
- 
to
 b
e 
lo
ca
te
d
 o
n
 

C
P
T
 =
 C
o
n
e 
p
en

et
ra
ti
o
n
 t
es
t 
(t
o
 r
ef
u
sa
l)
 

si
te
 b
y
 m

ea
su
re
m
en

t.
  T

es
t 
si
te
s 
th
a
t 
a
re
 i
n
a
cc
es
si
b
le
 (
e.
g
. 

T
P
 =
 T
ri
a
l 
p
it
 (
2
 m

 t
o
 4
 m

 d
ee
p
 d
ep

en
d
in
g
 o
n
 r
eq

u
ir
em

en
ts
) 

d
u
e 
to
 t
er
ra
in
 o
r 
w
a
te
r)
 w
il
l 
b
e 
re
lo
ca
te
d
 n
ea
rb
y
. 

B
H
 1
3
/9
 

B
H
 1
3
/1
0
 

B
H
 1
3
/0
5
 

B
H
 1
3
/0
6
 

B
H
 1
3
/0
1 

B
H
 1
3
/0
4
 

B
H
 1
3
/0
3
 

B
H
 1
3
/0
7
, 

H
A
 1
3
/0
2
 

B
H
 1
3
/0
2
, 
H
A
 1
3
/0
3
 

B
H
 1
3
/1
1
 

B
H
 1
3
/0
8
 

C
P
T
 1
3
/0
1 

B
H
 1
3
/1
2
 

C
P
T
 1
3
/0
3
 

C
P
T
 1
3
/0
2
 

C
P
T
 1
3
/0
5
 

C
P
T
 1
3
/0
4
 

C
P
T
 1
3
/0
6
 

C
P
T
 1
3
/0
8
 

C
P
T
 1
3
/0
7
 

C
P
T
 1
3
/0
1
 

C
P
T
 1
3
/1
0
 

T
P
 1
3
/0
1
 

T
P
 1
3
/0
2
 

T
P
 1
3
/0
4
 

T
P
 1
3
/0
5
 T
P
 1
3
/0
6
 

T
P
 1
3
/0
3
 

C
P
T
 1
3
/0
9
, 

H
A
 1
3
/0
1
 



 

 

 

 

 

 

 

Appendix B 

Borehole Logs & Core Photographs 

  







 

 

 
 

0.00m – 3.00m Box 1 of 5 

 

 
 

3.00m – 6.10m Box 2 of 5 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/01 



 

  

 
 

6.10m – 8.90m Box 3 of 5 

 

 
 

8.90m – 12.50m Box 4 of 5 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/01 



 

 

 
 

12.50m – 15.19m (E.O.H) Box 5 of 5  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/01 







 

  

 
 

0.00m – 3.00m Box 1 of 5 

 

 
 

3.00m – 6.45m Box 2 of 5 

 
 
 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/02 



 

  

 
 

6.45m – 9.10m Box 3 of 5 

 

 
 

9.10m – 12.00m Box 4 of 5 

 
 
 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/02 



 

 

 
 

12.00m – 15.45m (E.O.H) Box 5 of 5  
  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/02 







 

  

 
 

0.00m – 2.65m Box 1 of 6 

 

 
 

2.65m – 5.10m Box 2 of 6 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/03 



 

 

   
 

5.10m – 7.60m Box 3 of 6 

 

 
 

7.60m – 12.00m Box 4 of 6 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/03 



 

 

 
 
12.00m – 14.50m  Box 5 of 6  

  

 
 
14.50m – 15.45m (E.O.H) Box 6 of 6  

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/03 







 

  

 
 

0.00m – 3.50m Box 1 of 6
 

 
 

3.50m – 6.50m Box 2 of 6

Manuka Reservoirs 
 
Watercare Services Limited 
Borehole 13/04 



 

 

 
 

6.50m – 9.45m Box 3 of 6
 

 
 

9.45m – 12.45m Box 4 of 6

Manuka Reservoirs 
 
Watercare Services Limited 
Borehole 13/04 



 

 

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

  
 

 
 

Manuka Reservoirs 
 
Watercare Services Limited 
Borehole 13/04 







 

 

 
 

0.00m – 3.00m Box 1 of 6 

 

 
 

3.00m – 5.60m Box 2 of 6 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/05 



 

  

 
 

5.60m – 8.30m Box 3 of 6 

 

 
 

8.30m – 11.30m Box 4 of 6 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/05 



 

 

 
 

12.50m – 14.30m  Box 5 of 6  
  

 
 

14.30m – 15.45m (E.O.H) Box 6 of 6  
 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/05 







 

 

 
 

0.00m – 2.80m Box 1 of 5 

 

 
 

2.80m – 5.20m Box 2 of 5 

 
 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/06 



 

 

 
 

5.20m – 8.80m Box 3 of 5 

 

 
 

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  
  

 
 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/06 







 

 

 
 

0.00m – 2.80m Box 1 of 5 

 

 
 
2.80m – 6.00m Box 2 of 5 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/07 



 

 

 
 

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 5 of 5  
  

 
 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/07 













 

 

 
 

0.00m – 3.45m Box 1 of 11
 

 
 

3.45m – 7.50m Box 2 of 11
 

Manuka Reservoirs 
 
Watercare Services Limited 
Borehole 13/08 



 

 

 
 

7.50m – 11.50m Box 3 of 11
 

 
 

11.5m – 14.65m Box 4 of 11
 

Manuka Reservoirs 
 
Watercare Services Limited 
Borehole 13/08 



 

 

 
 
14.65m – 18.00m Box 5 of 11 

  

 
 
18.00m – 22.50m Box 6 of 11

Manuka Reservoirs 
 
Watercare Services Limited 
Borehole 13/08 



 

 

 
 
22.50m – 27.00m Box 7 of 11 

 

 
 
27.00m – 31.00m Box 8 of 11 

 

Manuka Reservoirs 
 
Watercare Services Limited 
Borehole 13/08 



 

 

 
 
31.00m – 34.50m Box 9 of 11 

 

 
 
34.50m – 38.10m Box 10 of 11 

 
 
 
 

Manuka Reservoirs 
 
Watercare Services Limited 
Borehole 13/08 



 

 

 
 
38.10m – 40.58m (E.O.H) Box 11 of 11 

 
 
 
 
 
 
 
 
 
 
 

Manuka Reservoirs 
 
Watercare Services Limited 
Borehole 13/08 







 

 

 
 

0.00m – 3.50m Box 1 of 5 

 

 
 

3.50m – 6.00m Box 2 of 5 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/09 



 

 

  
 
6.00m – 9.00m Box 3 of 5 

 

 
 

9.00m – 12.45m Box 4 of 5 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/09 



 

 

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

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/08 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/09 







 

 

 
 

0.00m – 3.00m Box 1 of 6 

 

 
 

3.00m – 6.00m Box 2 of 6 

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/10 



 

 

  
 
6.00m – 8.20m Box 3 of 6 

 

 
 

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  

 

Manuka Reservoirs 

 

 

Watercare Services Limited 

Borehole 13/10 
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that has been washed away during drilling.
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that has been washed away during drilling.
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

http://www.g-i.co.nz
Total depth: 8.04 m, Date: 6/11/2013

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT01

Location:
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Tip resistance (MPa)
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

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

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT02

Location:

Cone resistance

Tip resistance (MPa)
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

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

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT03

Location:

Cone resistance

Tip resistance (MPa)
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

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

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT04

Location:

Cone resistance

Tip resistance (MPa)
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

http://www.g-i.co.nz
Total depth: 12.62 m, Date: 5/11/2013

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT05

Location:

Cone resistance

Tip resistance (MPa)
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

http://www.g-i.co.nz
Total depth: 19.92 m, Date: 5/11/2013

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT06

Location:

Cone resistance

Tip resistance (MPa)
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

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

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT07

Location:

Cone resistance

Tip resistance (MPa)
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

http://www.g-i.co.nz
Total depth: 17.77 m, Date: 6/11/2013

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT08

Location:

Cone resistance

Tip resistance (MPa)
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

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

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT09

Location:

Cone resistance

Tip resistance (MPa)
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Project: 13-101 - Woodlands Park

Ground Investigation

PO Box 21-956, Henderson, Auckland 0650

Ph: (09) 950 1919, (021) 191 6000

http://www.g-i.co.nz
Total depth: 6.18 m, Date: 6/11/2013

Titirangi

Cone Type: 10 cm2, 50 MPa, Piezocone

Cone Operator: SP&TP

CPT: CPT10

Location:

Cone resistance

Tip resistance (MPa)
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Appendix D 

Test Pit Logs & Photographs 

  



T
.

C
ol

lu
vi

um

Bulk
Sample

92/32

83/33

158/56

UTP

SILT; with some clay, dark brown, stiff, moist, plastic, some rootlets.

SILT; with trace clay, brownish grey, stiff, moist, slightly plastic, some rootlets.

CLAY; with some silt, grey mottled orange, stiff, moist, plastic, some limonite streaks.

Occasional lenses of brownish orange clayey silt with trace fine sand from 1.20m.

Silty CLAY; grey mottled orange, very stiff, moist, plastic, some lenses of yellowish brown sandy silt and purple
clay.

Fine sandy SILT; with some clay, yellowish brown mottle purplish grey, hard, moist, slightly plastic.

Fine to medium SAND; with some silt, brownish grey, loose, moist, slightly plastic, weakly cemented.

End of Test Pit at 2.40m. Material too hard to excavate.
One bulk soil sample taken at 2.0m.

T Van Deelen

TOTAL
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JOB

OPERATOR

Drillforce Ltd

DEPTH

TP13/011-C0935.25

G
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N
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PROJECT

MSL Akld. 1946

1746118 E 5910826 N

SCALA PENETROMETER

Blows per 100 mm

S
A

M
P

L
E

S

SKETCH OF EXPOSURE

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

1

DATE

HOLE NO.

NO.

TP13/01
SHEET

Manuka Road Reservoirs
LOCATION

R.L.CO-ORD.

REF.

See Site Plan

DATUMGRID

SM 6472 SO 61159
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124

DESCRIPTION

LOG OF TRIAL PIT

of 1127.55 m

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

Watercare Services Limited

NOTES
23/10/2013

2.4 m

LOGGED

CLIENT

EXCAVATOR

TP13/01 - Excavation TP13/01 - Stockpile

SOIL TESTS

0 201082 4 6 12 14 16 18



T
.

F
ill

C
ol

lu
vi

um

Bulk
Sample

Bulk
Sample

87/33

112/60

120/64

74/33

74/28

69/27

N/A

70/20

Clayey SILT; brown, firm, moist, slightly plastic, abundant rootlets.
SILT; with some clay, brown, stiff, dry, plastic, some 10-30cmØ angular grey boulders.

CLAY; with trace silt, grey mottled orange, very stiff, dry, plastic, trace limonite.

Occasional lenses of brown silt from 1.50m.

SILT; with some clay, greyish brown mottled orange, stiff, moist, slightly plastic, trace limonite staining.

Clayey SILT; brownish grey streaked orange, stiff, moist, slightly plastic.

Occasional lenses of weakly cemented fine sand and trace limonite staining from 3.20m.

End of Test Pit at 4.0m. Target depth reached.
Two bulk soil samples taken at 2.0m and 4.0m.

T Van Deelen

TOTAL
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JOB

OPERATOR

Drillforce Ltd

DEPTH

TP13/021-C0935.25
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PROJECT

MSL Akld. 1946

1746095 E 5910773 N

SCALA PENETROMETER

Blows per 100 mm

S
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M
P

L
E

S

SKETCH OF EXPOSURE

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

1

DATE

HOLE NO.

NO.

TP13/02
SHEET

Manuka Road Reservoirs
LOCATION

R.L.CO-ORD.

REF.

See Site Plan

DATUMGRID

SM 6472 SO 61159
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DESCRIPTION

LOG OF TRIAL PIT

of 1125.43 m

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

Watercare Services Limited

NOTES
23/10/2013

4 m

LOGGED

CLIENT

EXCAVATOR

TP13/02 - Excavation TP13/02 - Stockpile

SOIL TESTS

0 201082 4 6 12 14 16 18



T
.

C
ol

lu
vi

um

Bulk
Sample

Bulk
Sample

86/38

96/43

104/37

158/48

187+

UTP

Clayey SILT; brown, stiff, moist, plastic, abundant rootlets.

CLAY; with some silt, grey mottled orange, stiff, moist, plastic, occasional limonite streaks.

Some 1-3mmØ grey clay fragments from 1.00m.

Clayey SILT; with trace fine sand, light greyish brown streaked orange, stiff, moist, slightly plastic, occasional
fine angular grey clayey silt fragments.

Clayey SILT; with trace fine sand, greyish brown streaked orange, very stiff, moist, plastic, some limonite
streaks.

Fine SAND; with fine to medium gravel, brown, loose, moist, brittle, moderately cemented.

End of Test Pit at 3.00m. Material too hard to excavate.
Two bulk soil samples taken at 1.0m and 2.0m.

T Van Deelen

TOTAL
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DEPTH
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SCALA PENETROMETER
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S

SKETCH OF EXPOSURE

Test pit was backfilled upon completion.
SV S23B, Correction Factor 1.337.
T. = Topsoil.
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NO.

TP13/03
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Manuka Road Reservoirs
LOCATION

R.L.CO-ORD.

REF.

See Site Plan

DATUMGRID

SM 6472 SO 61159
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DESCRIPTION

LOG OF TRIAL PIT

of 1119.83 m

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

Watercare Services Limited

NOTES
21/10/2013

3 m

LOGGED

CLIENT

EXCAVATOR

TP13/03 - Excavation TP13/03 - Stockpile

SOIL TESTS

0 201082 4 6 12 14 16 18



T
.S

Bulk
Sample

Bulk
Sample

147/28

123/48

117/40

131/45

158/56

140/48

106/32

91/43

SILT; with trace clay, brown, stiff, moist, slightly plastic, some rootlets.

CLAY; with some silt, very stiff, moist, plastic, some limonite staining.

Silty CLAY; with trace fine sand, light brownish grey mottled orange, very stiff, moist, slightly plastic, trace
1-3mmØ grey clay fragments.

SILT; with some clay, orange mottled grey, very stiff, moist, slightly plastic.

Some lenses of 1-5mmØ fine to coarse sandy clay from 2.00m.

Silty CLAY; grey mottled orange, very stiff, moist, plastic.

Some limonite staining and some 1-3mmØ angular mudstone fragments from 2.50m.

CLAY; with some silt, light grey mottled orange, stiff, moist, plastic.

End of Test Pit at 4.0m. Target depth reached.
Two bulk soil samples taken at 1.0m and 2.0m.

T Van Deelen

TOTAL

EXCAVATED

JOB

OPERATOR

Drillforce Ltd

DEPTH

TP13/041-C0935.25
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PROJECT

MSL Akld. 1946

1746002 E 5910790 N

SCALA PENETROMETER

Blows per 100 mm

S
A

M
P

L
E

S

SKETCH OF EXPOSURE

Test pit was backfilled upon completion.
SV S23B, Correction Factor 1.337.
T.S = Topsoil
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HOLE NO.

NO.

TP13/04
SHEET

Manuka Road Reservoirs
LOCATION

R.L.CO-ORD.

REF.

See Site Plan
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DESCRIPTION

LOG OF TRIAL PIT

of 1123.12 m

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

Watercare Services Limited

NOTES
21/10/2013

4 m

LOGGED

CLIENT

EXCAVATOR

TP13/04 - Excavation TP13/04 - Stockpile

SOIL TESTS

0 201082 4 6 12 14 16 18



T
.S

C
ol

lu
vi

um Bulk
Sample

Bulk
Sample

142/56

63/29

87/21

64/25

N/A

104/35

91/33

107/27

Clayey SILT; brown, firm, moist, slightly plastic, abundant rootlets.

Silty CLAY; grey streaked orange with limonite, stiff to very stiff, moist, plastic, some rootlets.

Silty CLAY; with trace fine sand, greyish brown mottled orange, stiff, wet, plastic, some 4mmØ max lenses of
clay, silt and grey sandy clay, trace limonite and manganese streaks.

Clayey SILT; with trace fine sand, brownish grey, stiff, wet, plastic, some pockets of whitesh grey silty sand and
trace 5mmØ max. "hard" angular silt fragments.

Clayey SILT; with trace fine sand, greenish grey, very stiff, wet, slightly plastic, some 1-2cmØ lenses of weakly
cemented pink and brown fine to coarse sand, trace limonite and manganese staining.

Some 4-5cmØ "hard" angular mudstone fragments from 3.50m.

End of Test Pit at 4.0m. Target depth reached.
Scala-penetrometer test undertaken from 1.60m to 2.50m.
Two bulk soil samples taken at 2.0m and 4.0m.

T Van Deelen

TOTAL

EXCAVATED

JOB

OPERATOR

Drillforce Ltd

DEPTH

TP13/051-C0935.25
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Y
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N
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PROJECT

MSL Akld. 1946

1746016 E 5910837 N

SCALA PENETROMETER

Blows per 100 mm

S
A

M
P

L
E

S

SKETCH OF EXPOSURE

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

HOLE NO.

NO.

TP13/05
SHEET

Manuka Road Reservoirs
LOCATION

R.L.CO-ORD.

REF.

See Site Plan

DATUMGRID

SM 6472 SO 61159
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DESCRIPTION

LOG OF TRIAL PIT

of 1120.95 m

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

Watercare Services Limited

NOTES
22/10/2013

4 m

LOGGED

CLIENT

EXCAVATOR

TP13/05 - Excavation

SOIL TESTS

0 201082 4 6 12 14 16 18



T
.S

C
ol

lu
vi

um
R

ec
en

t 
A

llu
vi

um

Bulk
Sample

Bulk
Sample

123/33

62/20

124/38

112/47

130/48

115/28

N/A

60/N/A

Clayey SILT; brown, firm, moist, slightly plastic, abundant rootlets.

SILT; with some clay, greyish brown streaked orange, very stiff, moist, slightly plastic, some lenses of 1-4cmØ
angular grey silt and "hard" mudstone fragments.

Clayey SILT; with trace fine sand, greyish brown streaked orange, stiff, moist, slightly plastic, some 0.5-1cmØ
angular "hard" grey mudstone fragments.

Silty CLAY; with trace fine sand, brownish grey streaked orange, very stiff, moist, plastic, trace limonite and
manganese staining.

CLAY; with trace silt, grey and brownish grey, very stiff, moist, plastic, occasional 1-2cmØ angular mudstone
fragments, some limonite and manganese staining.
Clayey SILT; with trace to medium sand, greenish grey, very stiff, moist, plastic, some fibrous wood organics,
some limonite staining, trace white pumiceous specks.

Fine sandy CLAY; with some silt, greenish grey, stiff, wet, plastic, some lenses of pinkish brown silty fine sand
and silt, trace white pumiceous specks.

End of Test Pit at 4.0m. Target depth reached.
Two bulk soil samples taken at 2.0m and 4.0m.
Minimal seepage observed from 2.20m to 4.0m.

T Van Deelen

TOTAL

EXCAVATED

JOB

OPERATOR

Drillforce Ltd

DEPTH

TP13/061-C0935.25
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PROJECT

MSL Akld. 1946

1746051 E 5910832 N

SCALA PENETROMETER

Blows per 100 mm

S
A
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E

S

SKETCH OF EXPOSURE

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

HOLE NO.

NO.

TP13/06
SHEET

Manuka Road Reservoirs
LOCATION

R.L.CO-ORD.

REF.

See Site Plan

DATUMGRID

SM 6472 SO 61159
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DESCRIPTION

LOG OF TRIAL PIT

of 1122.03 m

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

Watercare Services Limited

NOTES
22/10/2013

4 m

LOGGED

CLIENT

EXCAVATOR

TP13/06 - Excavation TP13/06 - Stockpile

SOIL TESTS

0 201082 4 6 12 14 16 18



 

 

 

 

 

 

 

Appendix E 

Hand Auger Logs 

  



Contam.
Sample

Contam.
Sample

T
.

C
ol

lu
vi

um

80/18

90/44

95/41

89/44

65/45

77/35

Clayey SILT; brown, stiff, moist, plastic.

CLAY; with some silt, brownish grey streaked orange, stiff, wet, plastic, trace limonite staining.

Silty CLAY; brownish grey streaked orange, stiff, wet, plastic, trace limonite staining.

CLAY; with some silt, grey streaked orange, stiff, wet, plastic.

Trace limonite specks from 1.75m.

CLAY; with some silt and occasional fine sand, greyish brown, stiff, wet, plastic. Some limonite staining.

Silty CLAY; with some fine sand, greenish grey, stiff, wet, plastic, trace fine silt fragments.

End of Hand Auger at 3.00m.
Two contamination samples obtained from depths of 1.0m and 3.0m.

S
A

M
P

L
E

S

SKETCH OF EXPOSURE

Hand auger was backfilled upon completion.
SV Geo954, Correction Factor 1.478.
T. = Topsoil.

1

DATE

HOLE NO.

NO.

SHEET

of 1

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

Watercare Services Limited

4/11/2013

3 m

LOGGED

CLIENT

EXCAVATOR

T Van Deelen

HA13/01

TOTAL

EXCAVATED

JOB

Opus International Consltants
Ltd

DEPTH

HA13/011-C0935.25
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E
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Y
/U

N
IT

PROJECT

MSL Akld. 1946

122.30 mManuka Road Reservoirs
LOCATION

R.L.CO-ORD.

1745935 E 5910829 N
REF.

See Site Plan

DATUMGRID
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SCALA PENETROMETER

Blows per 100 mm
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LOG OF AUGER HOLE

NOTES

DESCRIPTION

CHECKED BY:

SOIL TESTS

0 201082 4 6 12 14 16 18



Contam.
Sample

Contam.
Sample

T
.

C
ol

lu
vi

um

N/A

124/46

77/31

59/12

SILT; with some clay, brown, firm, moist, slightly plastic.

Clayey SILT; brownish grey streaked orange, stiff, wet, slightly plastic.

CLAY; with some silt and trace fine to medium sand, grey mottled brown, very stiff, wet, plastic.

Clayey SILT; brownish grey, stiff, wet, slightly plastic, trace limonite streaks.

Silty CLAY; greenish grey, stiff, wet, plastic.

End of Hand Auger at 2.00m.
Two contamination samples obtained from depths of 0.5m and 2.0m.

S
A

M
P

L
E

S

SKETCH OF EXPOSURE

Hand auger was backfilled upon completion.
SV Geo954, Correction Factor 1.478.
T. = Topsoil.

1

DATE

HOLE NO.

NO.

SHEET

of 1

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

Watercare Services Limited

4/11/2013

2 m

LOGGED

CLIENT

EXCAVATOR

T Van Deelen

HA13/02

TOTAL

EXCAVATED

JOB

Opus International Consltants
Ltd

DEPTH

HA13/021-C0935.25
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PROJECT

MSL Akld. 1946

119.15 mManuka Road Reservoirs
LOCATION

R.L.CO-ORD.

1746024 E 5910817 N
REF.

See Site Plan

DATUMGRID
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SCALA PENETROMETER

Blows per 100 mm
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LOG OF AUGER HOLE

NOTES

DESCRIPTION

CHECKED BY:

SOIL TESTS

0 201082 4 6 12 14 16 18



Contam.
Sample

Contam.
Sample

C
ol

lu
vi

um

80/27

47/15

95/34

130/22

90/43

124/43

Silty CLAY; brownish grey, stiff, moist, plastic.

CLAY; with some silt, dark brownish grey streaked orange, firm to stiff, moist, plastic.

Fine sandy CLAY; with some silt, brownish grey streaked orange, stiff, wet, plastic.

Fine sandy SILT; with some clay and trace coarse sand, brown, stiff to very stiff, wet, slightly plastic, trace fine
angular gravels.

End of Hand Auger at 3.00m.
Two contamination samples obtained from depths of 1.0m and 3.0m.

S
A

M
P

L
E

S

SKETCH OF EXPOSURE

Hand auger was backfilled upon completion.
SV Geo954, Correction Factor 1.478.

1

DATE

HOLE NO.

NO.

SHEET

of 1

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

Watercare Services Limited

4/11/2013

3 m

LOGGED

CLIENT

EXCAVATOR

T Van Deelen

HA13/03

TOTAL

EXCAVATED

JOB

Opus International Consltants
Ltd

DEPTH

HA13/031-C0935.25
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PROJECT

MSL Akld. 1946

127.62 mManuka Road Reservoirs
LOCATION

R.L.CO-ORD.

1746091 E 5910812 N
REF.

See Site Plan

DATUMGRID
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SCALA PENETROMETER

Blows per 100 mm
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LOG OF AUGER HOLE

NOTES

DESCRIPTION

CHECKED BY:

SOIL TESTS

0 201082 4 6 12 14 16 18



 

 

 

 

 

 

 

Appendix F 

Laboratory Testing Results 

  





















































































































































 

 

 

 

 

 

 

Appendix G 

Contamination Testing Results 

 

 

 

 
  



R J Hill Laboratories Limited
1 Clyde Street
Private Bag 3205
Hamilton 3240, New Zealand

+64 7 858 2000
+64 7 858 2001
mail@hill-labs.co.nz
www.hill-labs.co.nz

Tel
Fax
Email
Web

This Laboratory is accredited by International Accreditation New Zealand (IANZ), which represents New Zealand in the International
Laboratory Accreditation Cooperation (ILAC).  Through the ILAC Mutual Recognition Arrangement (ILAC-MRA) this accreditation is
internationally recognised.
The tests reported herein have been performed in accordance with the terms of accreditation, with the exception of tests marked *, which
are not accredited.

A N A L Y S I S    R E P O R T Page 1 of 2

Client:
Contact: Tom Van Deelen

C/- OPUS International Consultants
PO Box 5848
AUCKLAND 1141

OPUS International Consultants Lab No:
Date Registered:
Date Reported:
Quote No:
Order No:
Client Reference:
Submitted By:

1200626
07-Nov-2013
18-Nov-2013

1-C095.25
Manuka Reservoirs 1-C0935.25
Tom Van Deelen

SPv1

Sample Type: Soil

Sample Name:

Lab Number:

HA13/01-1.0m
04-Nov-2013

HA13/01-3.0m
04-Nov-2013

HA13/02-2.0m
04-Nov-2013

HA13/03-1.0m
04-Nov-2013

1200626.1 1200626.2 1200626.3 1200626.4 1200626.5

HA13/02-0.5m
04-Nov-2013

Individual Tests

g/100g as rcvd 64 61 75 64 64Dry Matter

Heavy metal screen level  As,Cd,Cr,Cu,Ni,Pb,Zn

mg/kg dry wt < 2 < 2 < 2 < 2 < 2Total Recoverable Arsenic

mg/kg dry wt < 0.10 0.15 < 0.10 < 0.10 < 0.10Total Recoverable Cadmium

mg/kg dry wt 24 24 22 24 26Total Recoverable Chromium

mg/kg dry wt 12 42 7 25 34Total Recoverable Copper

mg/kg dry wt 6.7 8.9 7.2 6.1 10.1Total Recoverable Lead

mg/kg dry wt 4 27 3 8 9Total Recoverable Nickel

mg/kg dry wt 25 97 18 39 47Total Recoverable Zinc

Polycyclic Aromatic Hydrocarbons Screening in Soil

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Acenaphthene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Acenaphthylene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Anthracene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Benzo[a]anthracene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Benzo[a]pyrene (BAP)

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Benzo[b]fluoranthene + Benzo[j]
fluoranthene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Benzo[g,h,i]perylene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Benzo[k]fluoranthene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Chrysene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Dibenzo[a,h]anthracene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Fluoranthene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Fluorene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Indeno(1,2,3-c,d)pyrene

mg/kg dry wt < 0.17 < 0.18 < 0.15 < 0.18 < 0.17Naphthalene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Phenanthrene

mg/kg dry wt < 0.04 < 0.04 < 0.03 < 0.04 < 0.04Pyrene

Sample Name:

Lab Number:

HA13/03-3.0m
04-Nov-2013
1200626.6

Individual Tests

g/100g as rcvd 65 - - - -Dry Matter

Heavy metal screen level  As,Cd,Cr,Cu,Ni,Pb,Zn

mg/kg dry wt < 2 - - - -Total Recoverable Arsenic

mg/kg dry wt 0.11 - - - -Total Recoverable Cadmium

mg/kg dry wt 30 - - - -Total Recoverable Chromium

mg/kg dry wt 40 - - - -Total Recoverable Copper



Sample Type: Soil

Sample Name:

Lab Number:

HA13/03-3.0m
04-Nov-2013
1200626.6

Heavy metal screen level  As,Cd,Cr,Cu,Ni,Pb,Zn

mg/kg dry wt 6.7 - - - -Total Recoverable Lead

mg/kg dry wt 23 - - - -Total Recoverable Nickel

mg/kg dry wt 81 - - - -Total Recoverable Zinc

Polycyclic Aromatic Hydrocarbons Screening in Soil

mg/kg dry wt < 0.04 - - - -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]
fluoranthene

mg/kg dry wt < 0.04 - - - -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 < 0.17 - - - -Naphthalene

mg/kg dry wt < 0.04 - - - -Phenanthrene

mg/kg dry wt < 0.04 - - - -Pyrene

Lab No: 1200626 v 1 Hill Laboratories Page 2 of 2

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.

S U M M A R Y   O F   M E T H O D S

Sample Type: Soil

Test Method Description Default Detection Limit Sample No

1-6Environmental Solids Sample
Preparation

Air dried at 35°C and sieved, <2mm fraction.
Used for sample preparation.
May contain a residual moisture content of 2-5%.

-

1-6Heavy metal screen level
As,Cd,Cr,Cu,Ni,Pb,Zn

Dried sample, <2mm fraction. Nitric/Hydrochloric acid digestion,
ICP-MS, screen level.

-

1-6Polycyclic Aromatic Hydrocarbons
Screening in Soil

Sonication extraction, Dilution or SPE cleanup (if required), GC-
MS SIM analysis (modified US EPA 8270). Tested on as
received sample.
[KBIs:5786,2805,2695]

-

1-6Dry Matter (Env) Dried at 103°C for 4-22hr (removes 3-5% more water than air
dry) , gravimetry. US EPA 3550.  (Free water removed before
analysis).

0.10 g/100g as rcvd

1-6Total Recoverable digestion Nitric / hydrochloric acid digestion. US EPA 200.2. -

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
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New Zealand 
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