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Limitation of Liability 

Limitation of Liability 

This report has been prepared for the sole benefit of Port Otago in relation to this specific 
commission.  Opus International Consultants Ltd accepts no liability with respect to its use by any 
other party or for any other purpose.   

The interpretation and professional advice presented herein is based on the factual information 
available at the time of compilation.  In the event of further information becoming available, during 
construction or otherwise, the interpretation and professional advice must be subject to review. 
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Executive Summary 

Executive Summary 

The following report outlines the factual data related to the geotechnical investigation completed 
for the dredging portion of Port Otago Ltd’s “Next Generation” infrastructure development.  
Geotechnical investigation included subsurface investigation and laboratory testing.  The two main 
objectives of the proposed geotechnical site investigation and laboratory testing were to (1) 
achieve a detailed description and characterisation of the materials to be dredged, (2) determine 
whether or not the sediment will be contaminated. 
 
The subsurface investigation consisted of drilling at a total of 43 locations within the existing 
channel from Port Chalmers past Taiaroa Head.  Investigations largely encountered sand, silt, and 
clay as well as basalt rock at Acheron Head and Rocky Point.   
 
Laboratory testing was completed to determine both the soil and rock mechanical and chemical 
properties of the sediments.  Mechanical testing involved particle size analysis, atterberg limits, 
water content, shear strength (cohesive), solid density, and unconfined compressive strength 
(rock). Chemical testing included a screen level analysis for heavy metals, inorganic compounds 
PCB, PAH and TPH as well as the inorganic compounds cyanide and total nitrogen. 

With regard to chemical testing, none of the parameters analysed exceeded the guideline values 
used and based on these results, the materials to be dredged are not contaminated. 

The field investigation and mechanical laboratory testing allowed us to characterise the materials 
into 4 main units that include (1) SAND (2) clayey SILT (3) silty CLAY and (4) ROCK.   

The sand unit was most commonly encountered in the channel sections near the entrance to the 
harbour and beyond, namely from the Harington Bend to the Entrance sections.  Sand was 
generally described as loosely packed in cores and had a water content between ~ 20 – 30%. 

The clayey silt was the most commonly encountered sediment type and was most prominent from 
the Swinging Basin to the Cross Channel sections.  This unit’s behaviour is dominated by a high 
silt content. These sediments were generally soft to very soft and non-plastic.  Water content was 
between ~ 30 – 40% and had a measured shear strength between 14 – 24kPa.  

Silty clay was the least common sediment type encountered and was most prominent in the area 
around Acheron Head.  This unit had a relatively high clay content and sediments were generally 
soft to very soft, had a high plasticity and water content ~ 60%.  The shear strength of these 
materials was measured to be between 12 – 22kPa. 

Rock was the least common unit and was only encountered at Rocky Point and Acheron Head.  
This unit consisted of completely weathered basalt (cobbles and boulders) near surface and 
moderately weathered basalt at depth.  A third borehole (B5) off Pulling Point encountered basalt 
cobbles but the borehole was terminated due to bad weather.  It is likely that bedrock is also 
present at Pulling Point.  Rock strength ranged from extremely weak to weak within the upper 2 to 
4m and became moderately strong to very strong below this.  Laboratory testing returned uniaxial 
rock strength values of 101 and 62MPa for B3 and B4, respectively. 
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Factual Report of Geotechnical Investigations – Port Otago 

1 Introduction and Scope of Work 

The following report outlines the factual data related to the geotechnical investigation completed 
for the dredging portion of Port Otago Ltd’s “Next Generation” infrastructure development.  The 
purpose of this development is to enable larger container vessels to be serviced at Port Chalmers. 
The project includes the provision of new plant and container handling equipment as well as the 
widening and deepening of the shipping channel.  The channel is to be deepened along various 
sections from Port Chalmers past Taiaroa Head as shown in Figure 1 below as well as in Appendix 
A. 

Shipping Channel 
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Factual Report of Geotechnical Investigations – Port Otago 

2 Subsurface Investigation 

The subsurface investigation consisted of using two different methods to extract the geological 
units for characterisation.  The method depended on the materials that we expected to encounter 
and included: 

• Vibrocoring - This method is particularly used for investigations for dredging works 
and involves vibrating a tube into soft sediments to obtain a fully cored sample.  We 
were limited to a maximum core length of 3m which restricted the use of this method 
to locations within the existing channel.  A total of 37 vibrocore holes were 
completed to an average depth of 2.7m with minimum and maximum depths of 0.65 
and 3.16m, respectively.   

• Rotary Borehole Drilling – This method was used in locations where materials of 
interest had a thickness greater than ~ 3m or where rock and more heavily 
consolidated materials were expected (eg. areas targeted for channel widening).  A 
total of 6 rotary drilled boreholes were completed to an average depth of 8.6m with 
minimum and maximum depths of 2.5 and 12.1m, respectively.   

Both methods were completed from a stable barge platform operated by Port Otago Ltd.  
Vibrocoring was completed by Quaternary Resources Ptl Ltd and rotary borehole drilling by 
Downer EDI Works Ltd.  In total, investigations were completed at 43 locations along the sections 
targeted for deepening. These locations, along with their grid locations, are shown in Appendix A.  
Complete core logs and example photographs are presented in Appendix B. 

A geological description based on logging of cores received from all 43 investigation locations is 
presented in Table 1.  Results are summarised according to the channel sections that each hole 
was completed in.  These channel sections are indicated in Appendix A.   

Both, vibrocore and borehole drilling largely encountered sand and clayey silt with increasing 
plasticity being directly related to the quantity of clay present.  The only boreholes that 
encountered bedrock were B3 and B4 at Rocky Point and Acheron Head, respectively.  However, 
B5 at Pulling Point encountered a rounded basalt cobble at 2.4m but had to be terminated because 
of bad weather.  It is therefore possible that bedrock could also be present at this point as well. 
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Factual Report of Geotechnical Investigations – Port Otago 

Table 1 – Overview of geological description of materials found in borehole grouped by channel 
section. 

Section Name Geological Description of Materials Boreholes & Vibrocores 
in Section 

Swinging 
Basin 

Grey, sandy SILT and fine SAND.  Silt is soft to very soft and non-
plastic. Sand is loosely packed 

B1, B2, VC1, VC1c, VC5, 
VC6, VC8 

Deborah Bend 
with Rocky 
Point 

SILT in the southern part close to Carey’s Bay and silty CLAY closer 
to Acheron Head.  Sediments soft to very soft and plastic where clay 
present. Completely to moderately weathered basalt in borehole 3 
along the north side of the existing channel. 

B3, VC9, VC10, VC12 - 
14 

Hamilton Bend 
with Acheron 
Head and 
Pulling Point 

Clayey SILT with some sand, soft to very soft, non-plastic to slightly 
plastic. Silty CLAY, soft to very soft and plastic close to Acheron 
Head. Completely to moderately weathered basalt in boreholes 4 at 
Acheron Head. Basalt cobbles at Pulling Point

B4, B5, VC15, VC17, 
VC18, VC21, VC22 

Taylors Bend Clayey SILT at Dowling Bay end of section and sandy SILT at 
Waipuna Bay, soft to very Soft, plastic where clay content high. 

VC23, VC26, VC27, 
VC29, VC32 

Cross Channel Clayey SILT, soft to very soft, slightly plastic sand content increasing 
toward eastern end of section. 

VC34, VC36, VC39 

Harington 
Bend 

Fine SAND near Otakou changing to clayey SILT near Harrington 
Point and the Spit. 

B6, VC41, VC42, VC44 - 
46 

Howletts Fine SAND with some Silt near the eastern side around Pilot Beach. VC47 - 50 
Entrance Fine SAND VC54, VC56, VC57, 

VC59 
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Factual Report of Geotechnical Investigations – Port Otago 

3 Laboratory Testing 

Laboratory testing was completed to determine the soil and rock mechanical properties of the 
sediments, as well as to determine the chemical contents in the sediments to be dredged.  
Mechanical testing was completed by the Opus Materials Testing Laboratory in Green Island, 
Dunedin.  Chemical testing was completed by Hill’s Laboratories in Hamilton.  Complete laboratory 
tests results are presented in full in Appendix C.  A summary of the type of tests and results are 
presented in the following sections. 

3.1 Soil and Rock Mechanical Testing 

The results of the mechanical testing completed at various boreholes and vibrocore holes is 
shown in Table 2.  Testing included: 

• Particle Size Analysis – Used to determine the distribution of such things as clay, silt 
and sand fractions in the various sediments sampled. Where sediments contained a 
substantial amount of fines an additional step using a hydrometer was required to 
separate the finer silt and clay fractions. 

• Atterberg Limits – Used to describe the plasticity and liquid limits of sediments. 

• Water Content – Although these sediments were all saturated, this value gives an 
indication of the water held within void spaces and thus gives an indication of 
porosity.  In addition, for most types of clays and silts there are relationships 
between water content, shear strength and consistency. If these relationships have 
been established by a number of paired tests (eg. atterberg limits), then water 
content can be used as an indicator for shear strength and consistency. 

• Unconfined Compressive Strength – Used to describe the strength of rock. 

• Shear Vane – Used to test the strength of cohesive sediments. 

• Solid Density – Used to describe weight and density for each of the three sediments 
encountered (silt, clay, sand). 
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 Table 2 - Summary of Mechanical Testing Results for Port Otago's "Next Generation" Dredging 
Project 

  
Particle Size 

Distribution (%)   Atterberg Limits 

Peak Shear 
Strength 

(kPa) 
Sample 

(Depth in 
m below 
seabed) 
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SI
LT

 

SA
N

D
 

Water 
Content 

(%) 
Liquid 
Limit 

Plastic 
Limit 
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Index 
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M
ax
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(M
Pa
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silty CLAY  
VC14 
(0.8) 21 73 6 58.1 50 28 22 12 22 2.75 -- 

Clayey SILT       
VC1 (0.8) 12 60 28 38.1 -- -- -- -- -- -- -- 
VC8 (0.6) 12 78 10 35.3 37 NP NA 14 24 -- -- 

VC12 
(0.7) 13 73 14 38.1 -- -- -- -- -- 2.76 -- 
VC23 
(1.6) 19 69 12 42.4 -- -- -- -- -- -- -- 
VC45 
(2.2) 18 74 8 42.5 -- -- -- -- -- -- -- 
VC46 
(1.6) -- -- -- 37.6 42 NP NA -- -- -- -- 
VC49 
(2.3) 10 50 40 31.3 -- -- -- -- -- -- -- 

SAND                       
VC6 (0.6) 0 0 100 26.7 -- -- -- -- -- -- -- 

VC29 
(2.15) 0 1 99 25.0 -- -- -- -- -- -- -- 
VC41 
(2.0) 0 1 99 27.9 -- -- -- -- -- -- -- 
VC50 
(1.6) 0 0 100 26.4 -- -- -- -- -- 2.68 -- 
VC54 
(1.8) 0 0 100 22.9 -- -- -- -- -- -- -- 
VC59 
(1.4) 0 0 100 26.1 -- -- -- -- -- -- -- 

BASALT BEDROCK                   
B3 

(-14m 
below 
Chart 

Datum) -- -- -- -- -- -- -- -- -- -- 101.5 
B4 

(-12.75m 
below 
Chart 

Datum) -- -- -- -- -- -- -- -- -- -- 62.9 
Notes:            
-- indicates "no value" because this analysis was not completed for the sample   
NP -  indicates that the sample was "Non-Plastic"       
NA - indicates a plastic index could not be calculated because the sample was non-plastic 
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3.2 Chemical Testing 

Because dredged material will be removed from the shipping channel and disposed 
elsewhere, information regarding the presence or absence of contaminants within the 
dredged material is essential.   
 
Samples were submitted from 5 different locations along the length of shipping channel 
where material is proposed to be dredged.  These locations were selected to be 
representative samples of material to be dredged and included sites VC5, VC12, VC21, 
VC34 and VC47. 
 
Samples were taken through the full depth of the material to be dredged and 3 composite 
or mixed samples were submitted from each location. The three composites included 
combining sediment from 0 - 500mm, 500 - 1000mm and 1000 - 1500mm depth below the 
existing seabed. The upper 0 - 500mm composite was analysed first and based on the 
results from this level, further testing of the deeper composite samples was deemed 
unnecessary. 

 
The sampling, sample handling and preservation procedures for marine sediments were 
followed in accordance to the New Zealand Guidelines for Sea Disposal of Waste and the 
New Zealand Contaminated Sites Guidelines (1999).  

 
 Samples were analysed for the following parameters: 
 

• Heavy Metals and Metalloids - As,Cd,Cr,Cu,Ni,Pb,Zn 
• Organic Compounds – PCB, PAH, TPH 
• Inorganic Compounds – CN, TN 
 
The guideline values used for comparison are from the “Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality (ANZECC and ARMCANZ, 2000)” and are 
listed along with a summary of results in Table 3. 
 
None of the parameters analysed exceeded the guideline values. 
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Table 3 - Summary of Chemical Testing for Port Otago's "Next Generation" Dredging 
Project 
  Sample Concentrations (mg/kg) 

Parameter 

Detection 
limit 

(mg/kg) 

Guidelines 
(mg/kg) 

ANZECC1 VC5 VC12 VC21 VC34 VC47 
Metals               
Arsenic 2 20 7.1 7.9 <2.0 <2.0 3.3 
Cadmium 0.1 1.5 <0.10 <0.10 <0.10 <0.10 <0.10 
Chromium (Total) 2 80 17 16 2.5 2.6 8.9 
Copper 2 65 6.7 6 <2.0 <2.0 4.4 
Lead 2 50 7.1 6.7 0.79 0.81 4.3 
Nickel 0.4 21 11 10 2.2 2.1 7.2 
Zinc 4 200 44 42 8.1 6.8 27 
Organic Compounds               
PCB (Total) 0.02 0.023 <0.001 <0.001 <0.001 <0.001 <0.001 
TPH (Total C7 - C36) 60 -- <60 <60 <60 <60 <60 
PAH               
Anthracene 0.0020 0.085 0.002 <0.0020 <0.0020 <0.0020 <0.0020
Fluroanthene 0.0020 0.6 0.0021 <0.0020 <0.0020 0.002 <0.0020
Phenanthrene 0.0020 0.24 <0.0020 0.0025 <0.0020 <0.0020 0.0049 
Inorganic Compounds        
Cyanide (Total) 0.1 -- <0.1 <0.1 <0.1 <0.1 <0.1 
Nitrogen (Total) 0.051 -- <0.051 <0.051 <0.051 <0.051 0.082 
Notes:        
- all concentrations are in mg/kg (ppm) unless otherwise stated    
- nv indicates that a guideline value does not exist for the quoted reference   
- only those PCB, TPH, and PAH compounds above detection limit are listed, otherwise only the total will 
be listed. 
1 Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC and ARMCANZ, 
2000), low trigger value 
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4 Characterisation Summary 

With regard to chemical testing, none of the parameters analysed exceeded the guideline values. 

Based on the field investigation and mechanical laboratory testing the materials to be dredged 
during the widening and deepening of the shipping channel can be roughly characterised into 4 
main units that include (1) SAND (2) clayey SILT (3) silty CLAY and (4) ROCK.  

4.1 SAND 

This unit was most commonly encountered in the channel sections near the entrance to the 
harbour and beyond, namely from the Harington Bend to the Entrance sections and in the 
eastern part of the Swinging Basin.  Although sand is found in both of the other sediment 
types, grain size distribution curves for this sediment type were between 99 – 100% sand.  
In addition, the vast majority of this sand fell with the “fine” sand designation (0.06 – 2mm). 

Sand was generally described as loosely packed in cores and has a water content between 
~ 20 – 30%. 

4.2 Clayey SILT 

This unit was the most commonly encountered sediment type in the upper reaches of the 
harbour and was most prominent from the Swinging Basin right out to the Cross Channel.  
The unit is dominated by the silt grain size fraction and on average had a grain size 
distribution of 14% clay, 67% silt, and 19% sand.   

These sediments were generally soft to very soft.  Samples submitted for atterberg limits 
showed these sediments as non-plastic.  Comparison with the silty clay unit shows the 
importance of clay content in plasticity. As mentioned above a slightly higher clay content 
can influence the material properties. Water content ranged between ~ 30 – 40% and a 
shear strength between 14 – 24kPa was measured. 

4.3 Silty CLAY 

This unit was the least common sediment type and was most prominent in the area around 
Acheron Head.  The tested sample had a grain size distribution of 21% clay, 73% silt and 
6% sand.  Although the largest fraction is silt, the clay percentage influences material 
properties.  When clay content rises it dominates material behaviour and therefore this unit 
has clay as its dominant fraction. 

The sediments in this unit were generally soft to very soft with a high plasticity and high 
water content ~ 60%.  The shear strength of these materials is estimated to be between 12 
– 22kPa. 

NOTE: Strength and density qualitative descriptions described above (eg. soft to very soft) are 
generalisations.  It is possible that vibrocoring has resulted in a slight modification of the 
consistency and the denseness of the materials. 
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4.4 ROCK 

This was the least common unit and was only encountered at Rocky Point and Acheron 
Head.  This unit consisted of completely weathered basalt near surface and moderately 
weathered basalt at depth.  Borehole B5 encountered basalt cobbles off Pulling Point but 
the borehole was terminated due to bad weather.  It is likely that this unit is also present at 
Pulling Point.  Rock strength ranged from extremely weak to weak within the upper 2 to 4m 
and became moderately strong to very strong below this. The spacing of defect or 
discontinuities ranged from closely spaced to very closely spaced. Laboratory testing 
returned uniaxial rock strength values of 101 MPa and 62 MPa for B3 and B4, respectively.
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APPENDIX A 

Site Locations Geotechnical Investigations 
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Port Chalmers Inner Basin VC c 14/05/08 705110 326778 45°48.805'S 170°37.633'E 13.5

VC01 14/05/08 705199 327062 45°48.756'S 170°37.852'E 13.3
VC05 14/05/08 705563 326889 45°48.560'S 170°37.717'E 13.1
VC06 14/05/08 705510 327194 45°48.588'S 170°37.953'E 13.0
VC08 17/05/08 705874 326985 45°48.392'S 170°37.790'E 13.4

VC09 14/05/08 706134 327263 45°48.251'S 170°38.004'E 14.0
VC10 17/05/08 706236 327178 45°48.196'S 170°37.938'E 13.2
VC12 14/05/08 706455 327427 45°48.077'S 170°38.129'E 13.4
VC13 14/05/08 706519 327738 45°48.042'S 170°38.369'E 13.3
VC14 17/05/08 706674 327742 45°47.958'S 170°38.372'E 13.6

VC15 16/05/08 706753 328055 45°47.915'S 170°38.613'E 13.8
VC17 16/05/08 706788 328334 45°47.895'S 170°38.828'E 13.5
VC18 16/05/08 706648 328568 45°47.970'S 170°39.009'E 12.7
VC21 13/05/08 706836 329215 45°47.867'S 170°39.508'E 10.8
VC22 16/05/08 707000 329103 45°47.779'S 170°39.421'E 12.9

VC23 13/05/08 707210 329378 45°47.665'S 170°39.632'E 12.4
VC26 13/05/08 707267 329672 45°47.633'S 170°39.859'E 13.2
VC27 13/05/08 707508 330042 45°47.502'S 170°40.144'E 13.2
VC29 13/05/08 707334 330477 45°47.595'S 170°40.480'E 11.5
VC32 16/05/08 707494 331012 45°47.507'S 170°40.892'E 10.6

VC34 17/05/08 707121 331485 45°47.707'S 170°41.266'E 12.1
VC36 17/05/08 707250 331791 45°47.637'S 170°41.494'E 13.0
VC39 17/05/08 706983 332173 45°47.780'S 170°41.790'E 12.0
VC40 17/05/08 707140 332565 45°47.694'S 170°42.092'E 11.0

VC41 16/05/08 707149 333025 45°47.688'S 170°42.447'E 11.8
VC42 16/05/08 707305 333512 45°47.602'S 170°42.822'E 11.5
VC44 16/05/08 707518 334023 45°47.486'S 170°43.216'E 13.1
VC45 15/05/08 707897 334024 45°47.281'S 170°43.215'E 13.2
VC46 15/05/08 707737 334145 45°47.367'S 170°43.309'E 12.4

VC47 16/05/08 708879 334021 45°46.751'S 170°43.208'E 13.8
VC48 15/05/08 709227 334081 45°46.563'S 170°43.253'E 13.3
VC49 15/05/08 708943 334183 45°46.716'S 170°43.333'E 13.5
VC50 15/05/08 709402 334257 45°46.468'S 170°43.388'E 11.0

VC54 15/05/08 710635 334362 45°45.802'S 170°43.464'E -14.4
VC56 15/05/08 711110 334207 45°45.546'S 170°43.342'E -14.4
VC57 15/05/08 711061 334447 45°45.572'S 170°43.528'E -12.0
VC59 15/05/08 711634 334225 45°45.263'S 170°43.354'E -15.0

Taylors Bend

Cross Channel

Harrington Point

Port Chalmers Swinging Basin

Entrance Channel

Howletts

 Geotechnical Investigations - Actual Vibrocore Positions

Local Grid (North Taieri) Lat/Long (WGS84)
Actual Positions

(Note - Refer to "Geotechnical Investigations - Proposed Vibrocore Positions" for details on missing numbers.)

Deborah Bend

Hamilton Bend

Area - Desription VC No. Date Depth(m)
Northing Easting Lat Long Seabed

PC Swinging Basin (bcn 26 L/H) BH01 10/04/08 705,420 327,278 45d 48.636' S 170d 38.018' E 2.2

PC Swinging Basin (bcn 24A L/H) BH02 11/04/08 705,712 327,207 45d 48.479' S 170d 37.962' E 3.5

Rocky Point (off bcn 25 L/H) BH03 16/04/08 706,077 327,022 45d 48.282' S 170d 37.818' E 9.0

Acheron Head (bcn 19 L/H) BH04 14/04/08 706,809 328,207 45d 47.884' S 170d 38.730' E 4.0

Pulling Point (off bcn 17 L/H) BH05 15/04/08 707,029 329,076 45d 47.763' S 170d 39.400' E 10.0

Harington bend (bcn 5 L/H) BH06 16/04/08 706,077 327,022 45d 48.282' S 170d 37.818' E 6.0

Actual Positions
Local Grid (North Taieri) Lat/Long (WGS84)

 Geotechnical Investigations - Actual Borehole Positions

Revision 2 07/07/08



 

APPENDIX B  
Borehole and Vibrocore Logs and Core 
Photographs 

 





























































































 

VC14 – Silty CLAY

 
 

 

 

VC18 – Silty CLAY 

 



 

VC1 – clayey SILT

 
 
 

 

 

VC12 – clayey SILT 



 

 

VC36 – Clayey SILT

 
 

 

 

VC46 – clayey SILT

 



 

 

VC29 - SAND

 
 
 

 

 

VC50 - SAND



 

 

VC54 - SAND 

 
 

 

 

VC32 - SAND 



 

 

 

B3 – Basalt Cobbles and Highly Weathered Basalt 

 
 

 

 

B3 – Moderately Weathered Basalt 



 

 

B4 – Completely Weathered Basalt 

 
 

 

 

B4 – Moderately Weathered Basalt 



 

APPENDIX C  
Soil/ Rock Mechanical and Chemical 
Laboratory Testing Results 

 



 

Soil and Rock Mechanical  

 



 

Particle Size Distribution 

 





























 

Atterberg Limits 

 









 

 Unconfined Compressive Strength 

 







 

Shear Strength – Cohesive Sediments 

 





 

Solid Density 

 





 

CHEMICAL 

 



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 3

Client:
Contact: Greene, Shane

c/o Opus International Consultants Ltd
Private Bag 1913
DUNEDIN

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

643983
29-May-2008
12-Jun-2008
32850

Port Otago Ltd, Port
Hanz, Markus

SPv1

Sample Type: Sediment
Sample Name:

Lab Number:

VC05 0-0.5m
27-May-2008 7:00

pm

VC21 0-0.5m
27-May-2008 6:30

pm

VC34 0-0.5m
27-May-2008 4:50

pm

VC47 0-0.5m
27-May-2008

11:40 am
643983.1 643983.4 643983.7 643983.10 643983.13

VC12 0-0.5m
27-May-2008 6:45

pm

Individual Tests

mg/kg dry wt < 0.10 < 0.10 < 0.10 < 0.10 < 0.10Total Cyanide*
g/100g dry wt < 0.051 < 0.051 < 0.051 < 0.051 0.082Total Nitrogen

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

mg/kg dry wt 7.1 < 2.0 7.9 < 2.0 3.3Total Recoverable Arsenic
mg/kg dry wt < 0.10 < 0.10 < 0.10 < 0.10 < 0.10Total Recoverable Cadmium
mg/kg dry wt 17 2.5 16 2.6 8.9Total Recoverable Chromium
mg/kg dry wt 6.7 < 2.0 6.0 < 2.0 4.4Total Recoverable Copper
mg/kg dry wt 7.1 0.79 6.7 0.81 4.3Total Recoverable Lead
mg/kg dry wt 11 2.2 10 2.1 7.2Total Recoverable Nickel
mg/kg dry wt 44 8.1 42 6.8 27Total Recoverable Zinc

Polycyclic Aromatic Hydrocarbons Trace in Soil

mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Acenaphthene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Acenaphthylene
mg/kg dry wt 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Anthracene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Benzo[a]anthracene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Benzo[a]pyrene (BAP)
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Benzo[b]fluoranthene + Benzo[j]

fluoranthene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Benzo[g,h,i]perylene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Benzo[k]fluoranthene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Chrysene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Dibenzo[a,h]anthracene
mg/kg dry wt 0.0021 < 0.0020 < 0.0020 0.0020 < 0.0020Fluoranthene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Fluorene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Indeno(1,2,3-c,d)pyrene
mg/kg dry wt < 0.010 < 0.010 < 0.010 < 0.010 < 0.010Naphthalene
mg/kg dry wt < 0.0020 0.0025 < 0.0020 < 0.0020 0.0049Phenanthrene
mg/kg dry wt < 0.0020 < 0.0020 < 0.0020 < 0.0020 < 0.0020Pyrene

Poychlorinated Biphenyls Trace in Soil

mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-101
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-105
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-110
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-114
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-118
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-121
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-123
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-126

mailto:mail@hill-labs.co.nz
http://www.hill-labs.co.nz/


Sample Type: Sediment
Sample Name:

Lab Number:

VC05 0-0.5m
27-May-2008 7:00

pm

VC21 0-0.5m
27-May-2008 6:30

pm

VC34 0-0.5m
27-May-2008 4:50

pm

VC47 0-0.5m
27-May-2008

11:40 am
643983.1 643983.4 643983.7 643983.10 643983.13

VC12 0-0.5m
27-May-2008 6:45

pm

Poychlorinated Biphenyls Trace in Soil

mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-128
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-138
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-141
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-149
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-151
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-153
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-156
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-157
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-159
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-167
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-169
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-170
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-180
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-189
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-194
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-206
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-209
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-28 + PCB-31
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-44
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-49
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-52
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-60
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-77
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-81
mg/kg dry wt < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010PCB-86
mg/kg dry wt < 0.02 < 0.02 < 0.02 < 0.02 < 0.02Total PCB (Sum of 33

congeners)
Total Petroleum Hydrocarbons in Soil

g/100g as rcvd 75 80 74 80 77Dry Matter
mg/kg dry wt < 8.5 < 8.8 < 9.0 < 8.5 < 9.2C7 - C9
mg/kg dry wt < 20 < 20 < 20 < 20 < 20C10 - C14
mg/kg dry wt < 30 < 30 < 30 < 30 < 30C15 - C36
mg/kg dry wt < 60 < 60 < 60 < 60 < 60Total hydrocarbons (C7 - C36)
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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: Sediment
Test Method Description Default Detection Limit Samples

1, 4, 7, 10,
13

Environmental Solids Sample Preparation* Air dried at 35°C and sieved, <2mm fraction. -

1, 4, 7, 10,
13

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

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

-

1, 4, 7, 10,
13

Polycyclic Aromatic Hydrocarbons Trace
in Soil

Sonication extraction, SPE cleanup, GC-MS SIM analysis -

1, 4, 7, 10,
13

Poychlorinated Biphenyls Trace in Soil Sonication extraction, SPE cleanup, GPC cleanup (if
required), GC-MS analysis

-

1, 4, 7, 10,
13

Total Petroleum Hydrocarbons in Soil Sonication extraction, Silica cleanup, GC-FID analysis -

1, 4, 7, 10,
13

Dry Matter (Org) Dried at 103°C (removes 3-5% more water than air dry),
gravimetry.

0.10 g/100g as rcvd

1, 4, 7, 10,
13

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

1, 4, 7, 10,
13

Total Cyanide Distillation* Distillation of sample as received. APHA 4500-CN- C & E
21st ed. 2005.

-



Sample Type: Sediment
Test Method Description Default Detection Limit Samples

1, 4, 7, 10,
13

Total Cyanide* Distillation, colorimetry. APHA 4500-CN- C & E 21st ed.
2005.

0.10 mg/kg dry wt

1, 4, 7, 10,
13

Total Nitrogen Catalytic Combustion (900°C, O2), separation, Thermal
Conductivity Detector [Elementar Analyser].

0.050 g/100g dry wt

Lab No: 643983 v 1 Hill Laboratories Page 3 of 3

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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