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Rangitaiki Stopbanks Assessment Section 15 1

1 Introduction uls of Bgtonmtar Domara .

The section of stopbank on the left bank of the Rargitaiki River from 9300m to
about 9900m is the last section on the left bank 16 be investigated within the
Edgecumbe urban area. Investigations in Section 2, immediately downstream
of Section 15, resulted in a length of pressure relief trench being installed on
the inland side of the stopbank. Immediately upstream an overlay has been
placed over what was a paddock at 63A College Road(#ed\'s)

Section 15 was not identified as an area with possible seepage problems in

the 2005 study of the information available on the stopbanks (Reference 1).
However it was discovered during the investigations that there had been some |.
slumping along a particularly steep length of river bank as a result of the July \
2004 flood. The investigations carried out for this report confirm that there '
should be no problems with seepage under the stopbank along this length but
that there are areas with a low factor of safety against slope failure.

This report presents the following information:

= the results of insitu investigations,

= Jaboratory grading and permeability test results,

= the results of seepage analyses for the estimated 100 year return
period flood,

= the results of stability analyses and

= possible remedial measures.

This report is the property of our client, Environment Bay of Plenty and Ice
Geo and Civil. The comments within relate only to the length of stopbank
along the Rangitaiki River left bank from 9300m to 9900m.

2 Site Description

Along this section of stopbank there is a wide variation in stopbank geometry.
Over the first 100m the stopbank is about 1.8m above the surrounding land
and there is a 5 to 10m wide berm 2 to 3m below the general ground level
(Figure 1). (Meterages given are from the upstream end of the study section.)

At about 200m, where a stormwater outlet to the river passes under the
stopbank, there is no river berm and the river bank is steep (nearly 40°). A
concrete floodwall starts just downstream of the outlet. The exposed portion
of the wall varies in height from 0.6 to 1.3m and the height of the stopbank on
which it sits varies from about 0.3m to 1.1m. There is no river berm along the
140m length of the wall.

At the end of the floodwall (340m) the earth stopbank rises to 1.6m height.
There is no river berm until about 430m. From 430m to the end of the study
section the stopbank height is typically 1.4 to 1.7m and the river berm
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The ground water level was found to be at 1.3 to 2.0m depth on the inland
side of the stopbank when the augers were carried out in the winter of 2006.

4 Laboratory Test Results

Laboratory constant head permeability tests were carried out on three
“undisturbed” tube samples of the surface brown silts taken from sites spread
down the study length. These tests were carried out as the permeability of the
surface silts largely determines the magnitude of the uplift pressures
developed under the surface soil layers. The range of head used in the tests
was 2 to 4m to simulate the head that could be applied when the river is in
flood. The results are summarised in Table 1.

Table 1: Surface Silt Permeability Test Results

Sample Location permeability
HA2 back lawn 1.0 x10° m/s
HA13 back lawn 3.0 x10° m/s
HA24 cattle grazing area 6.1 x 107 m/s

The range of permeabilities given in Table 1 is a reflection of the use of the
area from where the sample was taken. HA2 was in the well used back lawn
of a family with children. HA13 was in the little used lawn of an elderly widow
and the area of HA24 had been heavily trampled by cattle. As a low
permeability of the surface silt results in increased uplift pressures it is
considered conservative to estimate a permeability on the low side. Therefore
a permeability of 6.0 x 107 m/s was assumed in the seepage analyses.

The average initial wet density of the silt permeability samples was 1.49t/m?
and average final wet density 1.60t/m°.

Three laboratory permeability tests were carried out on deeper soils below the
stopbank to provide information on the flow of water beneath it.

Table 2: Deep Permeability Test Results

sample soil permeability
BH1 3.0m | silty fine sand 2.8 x 10 m/s
BH2 4.5m | silt 4.5 x10° m/s
BH2 6.0m | organic and sandy silt 2.0x 10" mss

The permeability of the BH1 sample is higher than would be expected for a
silty fine sand. This could be due to difficulties in achieving saturation in the
laboratory. Only 52% saturation was recorded for this sample.
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. heave of upper soil layers resulting in rapid piping and stopbank
collapse

. failure of either face of the stopbank due to high water level or draw
down conditions.

The most common remedial measures for heave problems are the addition of
an overlay on the ground surface or the construction of a pressure relief
trench (or wells). The aim of the remedial measures is to achieve a minimum
factor of safety against heave of 1.1 to 1.2. In reality, due to the conservative
assumptions made in the permeability of the soil layers and the weight of the
upper soils, the factor of safety should be higher than that estimated. Over
most of the study length the use of an overlay is impractical due to the built up
nature of the properties adjacent to the stopbank.

The risk of piping can be reduced by increasing the length of the seepage
path by the addition of overlays or by installing a drain in the area susceptible
to piping to allow seepage without the removal of soil particles. Pressure
relief trenches can be used to reduce both the risk of piping and heave. The
maximum hydraulic gradient considered acceptable with the light soils in this
area is 0.4.

Seepage of only small volumes of water from the ground surface can
significantly reduce the uplift pressures acting on a surface layer with a lower
permeability than those underlying it. Seepage from the ground surface inside
the stopbank has been modelled right along the study length as most of the
houses are of an older style and are built on short timber piles which will allow
ground seepage under them. The driveways and paths are relatively narrow.

5.2 Flood Hydrograph

EBoP has provided a 100 year return period flood flow hydrograph for the
Rangitaiki River at their benchmark number 23 (Figure 2). This is an eight
day hydrograph which rises to a peak of RL5.94 on the third day of the flood.
The top of the stopbank along Section 15 is at RL6.1 to 6.6. Allowing for
some change in the peak river level upstream and downstream of the
benchmark, it appears that the design freeboard for an urban area (600mm)
has not been met and that around BM23 there may be less than 300mm

freeboard.

In the 100 year return period flood the water level stays close to the peak level
for two days before beginning to drop. During the July 2004 flood the river
level was very high for less than a day before there was a rapid drop due to
the breach just upstream of the substation, therefore this flood was not a true
test of the stopbanks.

5.3 Soil Model

The soil layers found in the in situ investigations were simplified in the models
used for the seepage analyses (Figures 3 to 10). The grading test results
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The stopbank cross section was modelled to at least 30m away from the
inland side of the stopbank. Infinite elements were then used to model flow
from a great distance towards the river. An initial steady state condition with
water flowing towards the river is required at the start of the transient flood
analysis. This was modelled by specifying a head at the infinite elements and
another in the river. The inland head was based on those measured on site
and the river head was set at the starting level of the 100 year flood flow
hydrograph.

A sensitivity analysis was carried out varying the boundary condition at the
infinite elements during the transient analysis to find which was most
conservative in terms of uplift pressures. It was found that removing the head
boundary condition specified in the steady state analysis produced the
greatest pressures. In reality the ground water level away from the river is
likely to be rising at some stage during the flood due to rainfall. Peak ground
water levels due to rainfall infiltration could be before or after the peak river
flow. Rainfall has not been modelled.

5.4 Floodwall

Figure 11 shows a cross section of the floodwall. The original floodwall
consisted of a 600mm high upstand on a strip footing and just provided the
freeboard above the flood level. After the 1987 earthquake the height of the
upstand was raised about 700mm and the key was added to the foundation
on the river side.

The stability of the highest section of exposed floodwall has been assessed
and found to be acceptable under flood conditions. Seepage beneath the
floodwall has also been assessed and it was found that the factor of safety
against piping beneath the wall is close to 1.0 at the toe of the wall. The
hydraulic exit gradient can be reduced to an acceptable level by installing a
200mm wide by 400mm deep, or a 400mm wide by 200mm deep filter drain
along the inland toe of the foundation as shown on Figure 11. This drain
should be extended until less than 1100mm of the wall is exposed.

5.5 Cross Section 1

At Cross Section 1 the stopbank is 1.8m higher than the land on the inland
side and there is a 10m wide river berm about 2m below the general ground
level (Figure 3). This cross section is about 50m downstream of 63A College
Road where an overlay has been placed across the ground surface.

Medium to coarse sand was found 1.4m below the ground surface at HA1 on
the river berm. Above this level there are layers of silt and silty fine sand.

BH1 was drilled through the stopbank to determine the thickness of this sand
layer as it has a considerable effect on the seepage pressures on the inside of
the stopbank. It was found there is only a 200mm thick layer of coarse sand
below the stopbank and there are thin layers of silty sand, fine sand and peat
below it. For the purposes of the seepage analysis the basement layer
consists of a low permeability layer of pumice lapilli in a silt matrix.
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An initial static seepage analysis was carried out assuming a ground water
level of RL3.0 on the inland side of the stopbank model and a river level of
RL2.0. A transient seepage analysis was then carried out modelling the full
eight days of the 100 year flood. A two hour time step was used. An
allowance was made in the soil model for seepage from the ground surface
inland from the stopbank.

The transient flood analysis carried out assuming the permeabilities given in
Table 4 showed that there should not be any seepage or uplift problems with
this section of stopbank. As the Iaboratory test on the silty sand layer showed
a permeability of about 3.0 x 10°m/s another analysis was carried out
assuming this permeability in case the laboratory result was not due to testing
problems. It was found that the factors of safety were still acceptable for this
permeability. Another anaIyS|s was carried out increasing the permeability of
the coarse sand to 1 x 10 m/s in case the permeability estimated using the
Hazen formula is an under-estimate. This analysis also resulted in acceptable
factors of safety.

5.6 Cross Section 2

The geometry of the stopbank at Cross Section 2 is similar to that at Cross
Section 1 (Figure 4). On the inland side of the stopbank there is a layer of
grey silt below the surface brown ashes extending to 1.1m depth. Below this
there is silty fine sand. Silty fine sands and sandy silts were found below the
river berm in HA4. A 500mm thick layer of peat was found at RL-0.6 and no
coarse sands were found above RL-1.4. It was assumed in the analyses that
there is silty fine sand extending to RL-4.5 and then the layer of pumice lapilli
in a silt matrix found in BH1. This layer was found at RL-0.6 in both BH1 and
BH2, and at RLO.0 in a borehole through the stopbank near 35 College Road.

A transient flood flow analysis was carried out as for Cross Section 1. It was
found that there should be no seepage problems with this section of stopbank
with the assumed soil properties and profile. As for Cross Section 1 a
sensitivity analysis was carried out assuming a permeability of 3 X10°m/s for
the silty fine sand. A factor of safety against heave of 1.3 was found for this
analysis. Only a small reduction in FOS was found when this analysis was
repeated with a 1m thick layer of coarse sand just below the depth of HA3.

The slope stability of this section of stopbank was assessed under rapid
drawdown conditions when the water level within the stopbank is higher than
the river. The soil strength parameters assumed are given in Table 5. A
factor of safety against slope failure close to 1.6 was obtained. This is
considered acceptable. As €ross Section 1 has a similar geometry it has
been assumed that this cross section also has adequate stability.

ice Geo & Civil October 2007
draft



Rangitaiki Stopbanks Assessment Section 15 9

Table 5: Assumed Soil Parameters

soil density effective friction
(kN/m®) cohesion angle
(kPa) (degrees)
stopbank fill 16 2 33
brown silt 15.5 5 27
grey silt 15 2 27
silty fine sand 15 2 33
fine to medium sand 14 0 35
medium to coarse sand 14 0 35
clayey silt 15.5 5 24
pumice lapilli in silt 14 5 35

5.7 Cross Sections 3,4,5and 6

The soils found at cross sections 3, 4, 5 and 6 consist of complex layers of
silts, clayey silts and silty fine sands. The flood wall is up to 1.3m high at cross
sections 4, 5 and 6 and there is no wall at Cross Section 3. However as the
river bank has a similar geometry at all four cross sections it was decided to
analyse Cross Section 4 only because it has the thickest layers of silty fine
sands and clayey silts at the greatest depth of the four cross sections. Cross
Section 4 also has the highest floodwall and hence the narrowest stopbank.
The results from the analysis of Cross Section 4 should therefore be
conservative when applied to the other cross sections.

The transient seepage analysis was carried out using the permeabilities given
in Table 4, assuming silty fine sands from the depth of the investigations to
RL-2.0 and pumice lapilli in a silt matrix below (Figure 5). No seepage
problems were identified in the analysis ( apart from at the flood wall as
discussed in Section 5.4 above). If the permeability of the silty sand is
increased to 3 x 10°m/s there is a slight possibility of uplift of the 200mm
brown ash layer on the inside of the stopbank. Further analysis suggested
that although this could result in seepage flows of the order of 5m*/m length of
stopbank over the eight day flood, the hydraulic exit gradients should not be
sufficient to cause a piping failure of the stopbank. The upper brown silt layer
is much thicker at cross sections 3, 5 and 6 and the risk of heave less than at
Cross Section 4. The neighbour downstream of Cross Section 4 reported the
formation of a sinkhole in the back lawn. This may have been the result of
localised heave of the surface silt layer or may be associated with high
hydraulic exit gradients behind the floodwall.

A failure of the river bank adjacent to the flood wall was observed in 2004.
This may have been due to scour at the toe or very rapid drawdown when the
stopbank burst upstream. A stability analysis showed that when the river is
high this section of stopbank should have adequate stability, but when the
river drops to RL 2.0 the factor of safety against slope failure drops to 1.15.
This factor of safety is considered to be unacceptably low for static conditions.
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The neighbour at this site commented on an area of seepage in the riverbank
just upstream from the cross section. This may be due to an old pipe. It is
suggested that when the river berm is being constructed some investigations
are carried out.

5.10 Cross Section 10

The stopbank at Cross Section 10 is 1.4m high and there is about a 10m wide
river berm (Figure 8). The hand augers at this location showed layers of silts,
sandy silts and silty fine sands. A medium to coarse sand layer was found at
RLO.4 below the river berm. This is consistent with the depth of the sand
layer found in BH2 just upstream. It was therefore assumed in the soil model
that there was a 1m thick layer of medium to coarse sand between the silty
fine sands and pumice lapilli in a silt matrix.

The transient seepage analysis using the permeabilities in Table 4 showed
there should be no seepage problems at this cross section. A sensitivity
analysis was carried out increasing the permeability of the sand to 1 x10™*m/s.
Although the uplift pressures under the surface silt layers increased they
should still not be sufficient to cause heave problems.

5.11 Cross Sections 11 and 12

Cross sections 11 and 12 have a similar geometry with a low wide river berm
(Figure 9). No clean sands were found within the depth of the hand augers
and there are no silty fine sands within 2.5m of the ground surface.

A transient seepage analysis of Cross Section 11 with a 2m thick layer of
sand below the depth of the hand augers showed that there should be no
seepage problems along this section of stopbank.

5.12 Cross Section 13

Cross Section 13 slightly over-laps the upstream end of the previously
investigated Section 2. The shallowest silty fine sand layer was found at 1.8m
below the ground surface (Figure 10). Banded silty fine sands and silts were
found below the river berm. The only high permeability layer found is a
medium to coarse sand at 1.6m depth below the river berm.

The permeabilities shown in Table 4 were used in the transient seepage
analysis. The vertical permeability of the banded sand/silt layer was assumed
to be that of a silt and the horizontal that of a silty fine sand. A 3m thick layer
of medium to coarse sand with a permeability of 5 x 10*m/s was assumed
below the depth of the investigations. The lowest factor of safety found
against uplift of the surface low permeability layers was greater than 1.2.
Therefore it is considered that no work is required at this cross section; which
confirms the findings of the Section 2 investigations.
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Test Number: HA 12
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Test Number: HA 19
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Test Number: HA272
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Test Number: HA723
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CONSTANT HEAD PERMEABILITY
TEST REPORT

Project: Rangitaiki Stopbank
Location: Rangitaiki
Client: ICE Geo & Civil Ltd
Source: Section 15
Sampled by: Client Date: Unknown
Sampling method: Pushtube
Comments:
Project No:  2-68229.82
Lab Ref No: 06/229/007
Client No:
~ SOIL PROPERTIES. .
Sample ID: o S15 S$15 S15 - -
Position: HA2 HA13 HA24
Initial Final Initial Final Initial Final Initial Final o
Specimen length (mm)| 119.49 117.98 141.87 140.69 127.69 125.90
Specimen diameter (mm)] 72.54 71.35 72.76 71.83 71.97 70.88
Specimen mass (g)} 738.01 752.66 870.25 906.08 778.73 797.26
As rec'd Water Content (%)] 42.0 - 39.4 - 39.6 -
Water content (%) 42.0 44.8 39.4 452 39.6 43.0
Wet density (md) 1.49 1.60 1.48 1.59 1.50 1.60
Dry density tm%  1.05 1.10 1.06 1.09 1.07 1.12
Saturat” by calculation (% 73 84 69 84 72 84
Saturation calcglat!ons‘uses the 65 265 265
ASSUMED Solid Density (t/m?3)=
Head Permeability Head Permeability Head Permeability Head Permeability
(kPa) (m/s) (kPa) {m/s) (kPa) (m/s) (kPa) (m/s)
20 1.0E-06 20 2.8E-06 20 6.1E-07
30 9.8E-07 30 3.2E-06 30 6.0E-07
) 40 9.2E-07 40 3.1E-06 40 6.2E-07
Saturation by pore pressure
response (B value) (%) = 95 90 . 95
' Notes: 1. 1kPa Head = 0.10m H,O
2. (m/s) = metres per second
Sample Test Conditions 3. X.YE-0Z = X.Y x 10%m/s
Celi Pressure (kPa)= 550
Saturation Backpressure (kPa)= 500 Permeant Liquid Used for Test: Deaired Tap Water
Effective Confining Pressure (kPa)= 50 Temperature during Test  (°C): 20.0
Test Methods | Notes
Permeability Test : - ASTM D5084-00:Method A-Constant Head Method | 1.The sample was tested using the ELE test apparatus
Water Content : NZS 4402 : 1986 Test 2.1 to enable back pressure saturation.

Date tested : 31/07/06
Date reported : - 8/08/06
IANZ Approved Signatory

2

4

Designation:
Date :

Senior Civil Engineering Technician
8/08/06

CSF 2004 { 08/04/03 )

Testing is covered by IANZ Accreditation

A

labaoratory

All tests reported

herein have been
performed in accordance
with the laboratory's
scope of accreditation

Page 1 of 1

! Opus International Consultants Limited

_ i Fox Street
i Hamitton Laboratory

¢ Private Bag 3057
i Hamilton, New Zealand

i Telephone +64 7 856 2870
i Facsimile +64 7 856 2873
i Website www.opus.co.nz



CONSTANT HEAD PERMEABILITY
TEST REPORT

Project: Rangitaiki Stopbanks Section 15
Location: Unknown
Client: ICE Geo & Civil Ltd
Source: -
Sampled by: M. O'Halloran Date: 28/08/07
Sampling Method: Pushtube Sample
Project No:  2-68229.82
Lab Ref No: 07/229/006
Client No:
SOIL PROPERTIES ) o
Sample 1D: BH1 BH2 BH2
Depth: 3.0m 4.5m 6.0m
L Srey brown silty fine SAND]  Brownish grey SILT. | Dk grey brown organic SILT
Sample description i
and pumiceous sandy SILT.
Specimen Status Initial Final Initial Final Initial Final Initial Final
Specimen length (mm)] 119.87 120.01 118.36 119.70 118.73
Specimen diameter {(mm)} 60.10 59.47 59.09 59.85 59.82
Specimen mass (g)] 450.84 510.94 526.65 515.61 475.94 466.48
As rec'd Water Content (%)) 31.9 - 64.4 - 91.1 -
‘Water content of test sample (%)} 31.9 495 64.4 60.9 911 87.3
Wet density (m*| 1.33 1.58 1.59 1.41 1.40
Dry density , vm%| 1.00 0.96 0.99 0.74 0.75
Saturation by calculation (%) 52 98 97 99 96
Saturation calculations uses the (Ymd)= 2.60 2.60 2.30
Assumed/Tested Solid Density= {Assumed) (Assumed) (Assumed)
Head ‘Perieabitity Head | 'Permeability Head Permeability ' Head Permeability:.
(kPa) (mvs). (kPa). (m/s). (kPa) ms) | «pPa) (mvs)
Z; | 3.0E-05 35 4.2E-08 35 2.0E-07
/ 6 ' 3.1E-05 50 4.6E-08 50 21E-07
_ Lis 'l 28E0s
Saturation by pore pressure N
response (B value) = 7 0.76 0.96 0.96
Notes: 1. tkPa Head = 0.10m H,O
Sample Test Conditions 2. (m/s) = metres per second
Sample ID: BH1:3.0m | BH2: 4.5m | BH2: 6.0m | 3. X.YE-0Z = X.Y x 107 m/s
Cell Pressure (kPa) = 550 570 590
Saturation Backpressure (kPa) = 500 500 500 Permeant Liquid Used: Deaired Tap Water
Effective Confining Pressure  (kPa) = 50 70 90
Temperature during Test (°C) = 20 20 20
Test-Methods Notes
Permeabiiity Test : ASTM D5084-03:Method A-Constant Head Method| 1.The sample was tested using the ELE test apparatus
Water Content : NZS 4402 : 1986 Test 2.1 to enable back pressure saturation.

Date tested : 5/09/07

Date reported :
IANZ Approved Signatory

11/09/07

e

Testing is covered by 1ANZ Accreditation

O

A All tests reported
herein have been
pertormed in accordance

[ ’ l with the laboratory's
Designation: Senior Civil Engineering Technician iaboratory ~ Scope of accreditation
Date : 11/09/07
CSF 2004 ( 08/04/03 ) Page 1 of 1
Opus International Consultants Ltd Fox Street Telephone +064 7 856 2870
Hamilton Laboratory Private Bag 3057 Facsimile +064 7 856 2873
Hamilton, New Zealand Website www.opus.co.nz

Quality Management Systems Certified to 1SO 9001



PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Rangitaiki Stopbanks
Location : Rangitaiki
Client : ICE Geo & Civil Ltd
Client/Sample Ref :  Section 15
Contractor :
Test Pit No: HA2
Sampled by : Client
Date received : 28/07/06
Sampling method : Hand Auger

Depth: 1.20 metres

Sample condition : As received Project No: 2-68229.82
Sample description : Grey sandy SILT / silhy SAHIR Lab Ref No: 06/229/007
Solid Particle Density (Ym®): 2.65 Assumed Client Ref:
Water Content (as received): 35.7 %
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 _ - '4.75 100 : 0.300 - 99 0.0454 43 o 0.0271 . 13 ]
3757 - 2.36 100 0.212 96 0.0337 36 0.0051 77“10 R
[ 19.0 -- 1.18 100 0.150 88 0.0249 30 ~0.0036 | 8
| 132 - 0.600 100 0.075 60 0.0183 23 ~0.0015 7
9.5 - : 0.425 99 0.063 50 0.0129 18 S R
Note “--" denotes sieve not used and/or hydrometer analysis not tested " 0.0099 15
Sieve Aperture Size (mm)
28 235888 = g g 233 £ 3
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ok [ | : : i Lo i
0.001 0.010 0.100 1.000 10.000 100.000
Particle Size (mm) ' :
- " - N " X very
CLAY fine medium coarse fine I medium I coarse fine ] medxum1 coarsngOars :
SILT SAND GRAVEL
Test Methods Notes"
Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method) ’
ka of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested:

Date Reported: -

IANZ Approved Signatory
Senior Civil Engin
8/08/06

Designation :
Date :

csf 2100 (8/02)

8/08/06

31/07/06

ring Technician

Sampling is not covered by IANZ Accreditation

A

J Laca
laboratory

This report may only be reproduced in full

All tests reported herein
have been performed in
accordance with the
laboratory's scope of
accreditation

Page 1 of 1

! Opus International Consultants Limited
¢ Hamifton Laboratory

! Fox

Street

i Private Bag 3057
i Hamilton, New Zealand

i Telephone +64 7 856 2870
i Facsimile +64 7 856 2873
i Website www.opus.co.nz



PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Rangitaiki Stopbanks
Location : Rangitaiki
Client : ICE Geo & Civil Ltd
Client/Sampie Ref :  Section 15
Contractor :
Test Pit No: HA13 Depth: 2.50 metres
Sampled by : Client
Date received : 28/07/06
Sampling method : Hand Auger
Sample condition : As received Project No: 2-68229.82
Sample description : Lt grey sity-SAND somcly SIET mier ¢ lan Lab Ref No: 06/229/007
Solid Particle Density (m?): 2.65 Assumed Client Ref:
Water Content (as received): 573 % .
Sieve Analysis Hydrometer Analysis
Sieve Size Passing - Sieve Size Passing Sieve Size Passing |Particle Size| Passing EParticle Size| Passing
(mm) (%) . (mm) (%) (mm) (%) (mm) (%) . (mm) (%)
63.0 - 4.75 - 0.300 99 0.0454 75 - 0.0072 18
- 377;5_7 | -~ 2.36 100 i 0.212 99 0.0333 67 0.0051 13
19.0 -- 1.18 100 ; 0.150 98 0.0246 55 0.0036 12
i 13.2 -- 0.600 100 ‘ 0.075 91 0.0183 41 7 0.0015 9
9.5 - . 0425 100 | 0.063 . 85 0.0138 31 - -
Note: “--" denotes sieve not used and/or hydrometer analysis not tested 0.0100 24
Sieve Aperture Size (mm)
28 BI888 = 8 £ wyg 2 g
100 — T s e —S o o 2.2 — S
S R S
, Lo E /./: : R R S Y
. g % RS A : AR R IS R :
S ) SN SR 48: AR il
g VL : L .
€ 60 |- i —A : R S : —
z il ARR BE e ! z
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10 fm et ] | : - -
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0.001 0.010 0.100 1.000 10.000 100.000
Particle Size (mm)
CLAY fine ] medium | coarse fine I mediuml coarse fine J mediumT coarse L;e:”
SILT SAND GRAVEL
Test Methods {Notes
Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method) '
' pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 31/07/06

Date Reported: 8/08/06

IANZ Approved Signatory
Designation : Senior Civil Enginéering Technician
Date : 8/08/06

csf 2100 (8/02)

Sampling is not covered by IANZ Accreditation
This report may only be reproduced in full

All tests reported herein
have been performed in

A accordance with the
[e] @ laboratory's scope of

{

accreditation
new zeaiang accredited

laboratory

Page 1 of 1

i Opus International Consultants Limited

| ! Fox Street
i Hamilton Laboratory

{ Private Bag 3057
i Hamilton, New Zealand

i Telephone +647 856 2870
i Facsimile +64 7 856 2673
i Website www.opus.co.nz



TEST REPORT

PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

Project :
Location :
Client :

Client/Sample Ref :

Contractor :
Test Pit No:

Sampled by :
Date received :

Samplingm
Sample con

Sample description :

ethod :
dition :

Rangitaiki Stopbanks
Rangitaiki

ICE Geo & Civil Ltd
Section 15

HA14

Client
28/07/06
Hand Auger
As received

Depth: 1.80 metres

Brownish grey SILT ... n. cle—

Project No: 2-68229.82
"|Lab Ref No: 06/229/007

Solid Particle Density (tm®): 2.65 Assumed Client Ref:
Water Content (as received): 472 %
: Sieve Analysis Hydrometer Analysis
Sieve Size Passing : Sieve Size Passing Sieve Size Passing |Particie Size| Passing Particle Size| Passing
{mm) (%) {mm) (%) (mm) (%) (mm) (%) (mm) (%)
| 630 | - 4.75 - 0.300 97 0.0425 82 0.0068 32
37.5 - 2.36 100 0.212 97 " 0.0311 76 0.0049 ‘26 ]
19.0 | - 1.18 100 0.150 96 0.0228 68 0.0035 22___
1832 | - 0.600 99 . 0.075 91 0.0169 | 58 __;70.07(7)”12 1 16?_ N
9.5 - 0425 98 | 0.063 87 00128 | 49 - -
Note: "--" denotes sieve not used and/or hydrometer analysis not tested 0.0093 40
- Sieve Aperture Size {mm)
2 23888 = 8 g 233 % g
100 | S o o © o S o — o v’ ‘ lrﬁ - - ] 0
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0.001 0.010 0.100 1.000 10.000 100.000
Particle Size (mm)
: R . X . X Very
cLAY fine I medium I coarse fine T medium L coarse fine rmedlum ] coarse | o
SILT SAND GRAVEL
Test Methods _{Notes
Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
) pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 31/07/06

Date Reported: 8/08/06

IANZ Approved Signatory
Designation : Senior Civil Engineering Technician
Date : 8/08/06

csf 2100 (8/02)

70O

N l naw zesland accrediced
laboratory

Sampling is not covered by IANZ Accreditation
This report may only be reproduced in full

All tests reported herein
A have been performed in
accordance with the
laboratory's scope of
accreditation

Page 1 of 1

i Opus International Consultants Limited

! Fox Street
i Hamilton Laboratory

! Private Bag 3057
i Hamilton, New Zealand

{ Telephone +647 856 2870
i Facsimile +64 7 856 2873
;i Website www.opus.co.nz



PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Rangitaiki Stopbanks
Location : Rangitaiki
Client : ICE Geo & Civil Ltd
Client/Sample Ref :  Section 15
Contractor :
Test Pit No: HA24 Depth: 1.90 metres
Sampled by : Client
Date received : 28/07/06
Sampling method : Hand Auger
Sample condition : As received Project No: 2-68229.82
Sample description :  Grey Sity-SAND SI1CT | v M. some za~d, claey  ILab Ref No: 06/229/007
Solid Particle Density (m°): 2.65 Assumed Client Ref:
Water Content (as received): 59.7 %
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 - 4.75 -- 0.300 99 0.0452 83 0.0072 18
| 375 - 2.36 100 0.212 99 0.0332 73 0.0051 16
19.0 - 1.18 100 0.150 99 0.0248 59 0.0036 - 13
13.2 - 0.600 100 0.075 95 0.0183 44 . 0.0015 10
9.5 -- L 0.425 99 0.063 89 0.0138 _ 33 _ -- -
Note: "--" denotes sieve not used and/or hydrometer analysis not tested 0.0100 25 '
Sieve Aperture Size (mm)
2E B5888 = ¢ S 2 3
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0.001 0.010_ 0.100 1.000 10.000 100.000
Particle Size (mm)
“fine medium | coarse fine medium | coarse fine medium | coarse | o
CLAY — J I , l I ] 10 rsé.
SILT SAND GRAVEL
Test Methods {Notes
Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 31/07/06

Date Reported: 8/08/06

IANZ Approved Signhatory

Sampling is not covered by IANZ Accreditation
This report may only be reproduced in full

All tests reported herein
A have been performed in
accordance with the

. . . . . , . . . o @ laboratory's scope of
Designation : Senior Civil Engineering Technician accreditation
Date : 8/08/06 b scdres
laboratory

csf 2100 (8/02)

Page 1 of 1

i Opus International Consultants Limited

! | Fox Street
i Hamilton Laboratory

! Private Bag 3057
i Hamilton, New Zealand

{ Telephone +647 856 2870
i Facsimile +64 7856 2873
i Website www.opus.co.nz




PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Rangitaiki Stopbanks Section 15
Location : Unknown
Client : ' Ice Geo & Civil Ltd
Client/Sample Ref : -
Contractor : -
Borehole No: BH1 Depth: 3.70 metres
Sampled by : M. O'Halloran (28/08/07)
Date received : 5/09/07
Sampling method : Borehole _
Sample condition : As received Project No: 2-68229.82
Sample description :  Sandy SILT / silth~ SAND Lab Ref No: 07/229/006
Solid Particle Density (m°): 2,60 Assumed Client Ref:
Water Content (as received): 469 % ‘
’ _ _Sieve Analysis e P _______Hydrometer Analysis
Sieve Size Passing i Sieve Size Passing & Sieve Size Passing |Particle Size] Passing (Particle Size] Passing
(mm) (%) ¢ _{mm) (%) (mm) (%) (mm) (%) (mm) (%)
63.0 -- 4.75 -- 0.300 98 0.0512 41 0.0075 14
37.5 - : 2.36 100 0.212 a3 0.0372 34 0.0053 11
19.0 - 1.18 100 0.150 83 0.0270 28 0.0036 8
13.2 - : 0.600 100 0.075 53 0.0223 25 0.0016 7
9.5 - 0.425 99 0.063 - 0.0174 23 .- -
Note: ** denotes sieve not used and/or hydrometer analysis not tested 0.0105 18
r 1
Sieve Aperture Size (mm)
28 83888 = 8 &8 w33 2 g
100 [=3K=] o 0O o O o -~ o < D - (] ©
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Particle Size (mm)
fine medium coarse fine I medium ! coarse fine | medium I coarse | o
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Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)

pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 9/09/07 Sampling is not covered by IANZ Accreditation
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PARTICLE SIZE ANALYSIS (WET SIEVE-METHOD)

_ TEST REPORT

Project : Rangitaiki Stopbanks Section 15
Location : Unknown
Client : Ice Geo & Civil Ltd
Client/Sample Ref : -
Contractor : -
Borehole No: BH1 Depth: 5.20 metres
Sampled by : M. O'Halloran (28/08/07)
Date received : 5/09/07
Sampling method : Borehole
Sample condition : As received Project No: 2:68229.82
Sample description : Coarse SAND Lab Ref No: 07/229/006
Solid Particle Density (Ym°): N/A Client Ref:
Water Content (as received): 40.1 %
Sieve Analysis | Hydrometer Analysis
Sieve Size Passing Sieve Size Passing Sieve Size Passing |Particle Size| Passing iParticle Size| Passing
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) - (%)
63.0 -- 4.75 100 0.300 19 - - - -
37.5 - 2.36 97 0.212 17 - - - -
19.0 - 1.18 70 0.150 16 -- -- - -
13.2 - 0.600 32 0.075 12 - - - -
9.5 100 ; 0.425 23 0.063 11 - - - -
Note: ".." denotes sieve not used and/or hydrometer analysis not tested - -
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Test Methods - JNotes
Particle Size Analysis: NZS 4402:1986: Test 2.8.1 (Wet Sieve Method)
Date Tested: 7/09/07 Sampling is not covered by IANZ Accreditation

Date Reported:

{ANZ Approved Signatory

This report may only be reproduced in full

All tests reported herein
'y have been performed in
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(o] @ laboratory's scope of
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e Tesiond accredied
laboratory

11/09/07

Designation Senior Civil Engineering Technician
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PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Rangitaiki Stopbanks Section 15
Location : Unknown
Client : lce Geo & Civil Ltd
Client/Sample Ref : -
Contractor : -
Borehole No: BH1 Depth: 7.50 metres
Sampled by : M. O'Halloran (28/08/07)
Date received : 5/09/07
Sampling method : Borehole
Sample condition : As received ) Project No: 2-68229.82
Sample description :  Sandy SILT  wt Y= %<0 Lab Ref No: 07/229/006
Solid Particle Density (Ym®): 2.65 Assumed Client Ref:
Water Content (as received): 1055 %
' ____Sieve Analysis R R . | __._Hydrometer Analysis.
Sieve Size Passing | Sieve Size Passing |} Sieve Size Passing |Particle Size| Passing jParticle Size] Passing
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
63.0 -- 475 92 0.300 72 0.0405 56 0.0072 13
37.5 - ; 2.36 84 0.212 72 0.0306 50 0.0052 10
19.0 -- 1.18 77 0.150 71 0.0232 41 0.0036 6
13.2 100 & 0.600 74 0.075 67 0.0176 33 0.0016 3
9.5 98 0.425 73 0.063 62 0.0134 26 - -
Note: ".-" denotes sieve not used and/or hydrometer analysis not tested 0.0099 19
Sieve Aperture Size (mm)
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Test Methods . "INotes.

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

pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 9/09/07 Sampling is not covered by IANZ Accreditation
This report may only be reproduced in full

All tests reported herein
A have been performed in

accordance with the
(o] @ laboratory's scope of
l accreditation
v paatand sccredied
laboratory

Date Reported: 11/09/07

IANZ Approved Signatory [
Designation : Senior Civil Engineering Technician
Date : 11/09/07
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PARTICLE SIZE - ANALYSIS (HYDROMETER: METHQD)‘ '

TEST-REPORT

Project :

Location :

Client :
Client/Sample Ref :
Contractor :
Borehole No:
Sampled by :

Date received :
Sampling method :
Sample condition :
Sample description :

Rangitaiki Stopbanks Section 15
Unknown
Ice Geo & Civil Ltd

BH2 Depth: 5.10 metres
M. O'Halloran (28/08/07)

5/09/07

Borehole

As received

SILT

Project No: 2-68229.82
Lab Ref No: 07/229/006

Solid Particle Density (Ym®): 2.65 Assumed Client Ref:
Water Content (as received): 543 % _
Sieve Analysis R , Hydrometer Analysis _
Sieve Size Passing Sleve Size Passing i Sieve Size Passing |Particle Size{ Passing jParticle Size| Passing
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
63.0 - 4.75 100 0.300 99 0.0449 81 0.0072 26
37.5 - 2.36 100 0.212 99 0.0330 72 0.0051 20
19.0 -- 1.18 100 0.150 97 0.0241 65 0.0036 13
13.2 -- 0.600 99 0.075 89 0.0177 55 0.0016 9
9.5 -- i 0425 99 0.063 85 0.0134 46 -- -
Note: "--" denotes sieve not used and/or hydrometer analysis not tested 0.0099 35
Sieve Aperture Size (mm)
g 25888 = g8 © L33 2 9
100 . o O o ©O o © o e [3Y ~ D - -~ (] O
| N : . H .
% ‘ AT : : : : s '
_ & ,_,/.: B . . . g o
g 7 I | HII I S
g | . . . X . )
5 7 : : — . :
g o ——: 1 : : 1
S 40 / NN . : . . -
g 4 : : : : T :
g % . . . N
g 30 /
® A N5 . . . . B .
20 e T . . T . A .
10 wd : ; ; : |
0 o |0 . ) . 0 . . ) » . . E
0.001 0.010 0.100 1.000 10.000 100.000
Particle Size (mm)
CLAY fine I medium I coarse fine I mediuml coarse fine ] medium I coarse Z;g !
SILT SAND GRAVEL i
§
Test Methods ‘Notes

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

pH of suspension : 8.0

Whatmans Full Range pH indicator paper

Date Tested:

Date Reported:

IANZ Approved Signatory

Designation :
Date :

csf 2100 (8/02)

9/09/07

11/09/07

Senior Civil Engineering Technician
11/09/07

lmnﬁﬂm
laboratory

All tests reported herein
have been performed in

accordance with the
laboratory's scope of
accreditation

Sampling is not covered by IANZ Accreditation

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

TEST REPORT
Project : Rangitaiki Stopbanks Section 15
Location : Unknown
Client : Ice Geo & Civil Ltd
Client/Sample Ref : -
Contractor : -
Borehole No: BH2 Depth: 6.70 metres
Sampled by : M. O'Halloran (28/08/07)
Date received : 5/09/07
Sampling method : Borehole

Sample condition :  As received Project No: 2-68229.82
Sample description :  Silty med - coarse SAND Lab-Ref No: 07/229/006
Solid Particle Density (Ym®): 2.60 Assumed Client Ref:
Water Content (as received): 296 % -
'i _ _Sieve Analysis e i __Hydrometer Analysis.
Sieve Size Passing Sieve Size Passing i Sieve Size Passing }Particle Size{ Passing iParticle Size| Passing
(mm) (%) (mm) (%) (mm) (%) (mm) (%) (mm) (%)
63.0 - 4.75 99 0.300 45 0.0516 19 0.0074 7
37.5 - 2.36 98 0212 34 0.0376 16 0.0053 6
19.0 - 1.18 94 0.150 29 0.0271 14 0.0038 5 —‘
13.2 - 0.600 77 0.075 22 0.0185 12 0.0029 3
9.5 100 i 0425 59 0.063 20 0.0145 10 - --
Note: “-." denotes sieve not used and/or hydrometer analysis not tested 0.0104 8
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Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
pH of suspension : 8.0 Whatmans Fuil Range pH indicator paper

Date Tested: 9/09/07 Sampling is not covered by IANZ Accreditation
This report may only be reproduced in full
Date Reported: 11/09/07 All tests reported herein
’ A have been performed in
accordance with the
) ] @ laboratory's scope of
IANZ Approved Signatory ; l""""""’" accreditation
N e o - laboratory

Designation : Senior Civil Engineering Technician

Date : 11/09/07
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