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Rangitaiki Stopbanks Assessment, Otakiri Road to Kokohinau 1

1 Introduction

Severe erosion of the left bank of the Rangitaiki River occurred at four bends
upstream of Edgecumbe during the flood of July 2004 and some emergency
repair work was carried out immediately after the flood. Ice Geo & Civil has
been requested by Environment Bay of Plenty (EBOP) to assess the stability
of the stopbank at these bends, which are referred to as follows:

e Otakiri Road LB 12300 — 12700
e Black’s Bend LB 13000 — 13250
e Campbell’'s Bend LB 14100 - 14400
e Kokohinau Bend LB 15400 - 16100

Initially slope stability analyses, based on limited subsurface information, were
carried out on cross sections at the bends so that appropriate rock berms
could be built to protect the stopbank from further erosion.

The stopbank along the study length is typically 2.0 to 3.5m high. The ground
surface falls away from the river by up to 2.0% due to the river levee which
developed before the stopbanks were built. Following the 1987 Edgecumbe
earthquake slumping and cracking of the stopbank was observed at the
bends. The earthquake damage could indicate favourable subsurface
conditions for flow under the stopbank, which combined with the fall away
from the river, may result in seepage related problems at the stopbank or
further inland.

The river berm on the inside of the stopbank along the study length was used
as a source of fill during the construction of the stopbank; it is therefore
typically 2m lower than the ground on the landward side of the stopbank. If
there are coarse grained soils under the stopbank the lowering of the river
berm could allow significant seepage under the stopbanks.

Some sub-surface investigations and seepage analyses have been carried
out to assess whether work in addition to the rock berms is required to
improve the stopbank integrity.

Two further sections of stopbank were investigated where old river channels
on the landward side of the stopbanks were identified between the bends.
These sections are referred to as follows:

e Campbell’s Straight LB 13250 — 13500
e Campbell’s Dip LB 14500 — 14600
Ice Geo & Civil July 2010
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This report presents the results of the investigations and analyses of the
sections of stopbank described above. The investigations and analyses were
carried out at the same time as the physical work on the stopbanks. There
was therefore some interaction between the physical work, which provided
good exposures, and the investigations and analyses. The report is
presented more of less in the chronological order of the work carried out and
includes the following;

slope stability analyses results,
= the results of the in situ investigations,
= laboratory grading test results,

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

= 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 lengths of stopbank
along the Rangitaiki River left bank listed above. The conclusions of this
report are based on the interpretation of limited ground exposures, in situ
investigations carried out at isolated points, some laboratory and in situ testing
and two dimensional analyses. Due to the complex geology in the area, there
could be ground conditions more detrimental to the integrity of the stopbank
than those that have been identified.

2 Slope Stability Assessment

Initial slope stability assessments were carried out on cross sections through
the stopbank at Black’s Bend and Campbell’s Bend in August 2009 so that
work on the river berms could begin. The subsurface soil profile and
strengths assumed were based on deep boreholes carried out previously at
Sullivan’s Breach, on the opposite river bank, and at Kokohinau upstream. A
failure in the river bank at Campbell’'s Bend was back analysed using the soil
parameters and a factor of safety of 0.95 was found with a low water level in
the river. It is therefore considered that the soil parameters used are
reasonable (Table 1).

The stability analyses were carried out for high river, low river and rapid draw
down conditions. The minimum factors of safety against slope failure
considered acceptable are 1.5, for normal river conditions, and 1.2 for rapid
drawdown conditions.

It was found that a rock berm was required at each bend to provide adequate
stopbank stability in low river and rapid drawdown conditions. A rock berm
had already been built at the Kokohinau Bend.
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Table 1: Assumed Soil Parameters

soil density effective friction
(KN/m?) cohesion angle
(kPa) (degrees)
stopbank fill 16 2 26
silt 15.5 2 24
silty fine sand 15 1 26
medium to coarse sand 14 0 35
clayey silt 15 5 24
pumice lapilli and sand 14 0 35

The stability analyses were checked in 2010 following the subsurface
investigations and the berm requirements were found to be unchanged.

The recommendations for the berm geometry are given in Table 2.

Table 2: Stability berm requirements

location berm level minimum width batter
Otakiri Bend RL4.0 3m 2H:1V
Black’s Bend RL4.0 3m 2H:1V
Campbell’s Bend RL4.0 4m 2H:1V

3 Stopbank Construction Assessment

Most of the stopbanks along the Rangitaiki River are constructed of silty fine
to medium grained sands. It was discovered early in the subsurface
investigations at the Otakiri Road Bend that there were coarse sands within
the stopbank which could be readily eroded by stock and washed out if
exposed to river flows. Rabbits also like burrowing into these sand layers as
they are well drained and easy to dig.

The coarse sand layers allow significant seepage through the stopbank, which
in the worst case could lead to piping problems at the inland toe. It was
therefore decided to investigate the extent of these layers by excavating
shallow test pits along the face of the stopbank while the rock berm work was
being carried out. Aerial photographs marked up with the depth of the coarse
sand below the stopbank crest are included in Appendix A.

At Otakiri Road the coarse sand layer was found to be up to 2.7m thick (the
stopbank at this point is about 3.5m high). It is thought that the coarse layer
was placed soon after the Edgecumbe Earthquake to reinstate the stopbank
levels after this area settled by about 2.05m. At Black’s Bend the coarse sand
was typically 2.5m thick and upstream it varied from about 1m to 1.8m thick.
At the downstream end of Campbell’s Bend the thickness of coarse sand
increased again to 2.4m, whereas there was no coarse sand at the upstream
end. It is possible that due to the lack of river berm, a section of stopbank
collapsed into the river during the earthquake and had to be topped up.

In the summer the coarse sand layer could be picked up by the more rapid
drying of the grass compared to the rest of the stopbank.
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it was decided that rather than removing and replacing the sand layer, a low
permeability overlay should be placed on the upstream side of the stopbank in
conjunction with the rock berm work. This layer is typically 1m thick.

During the investigations it was found that the crest of the stopbank was too
low in places to provide 300mm freeboard in the 1 in 100 year flood with an
allowance for climate change (see Section 5.2). The low permeability overlay
was extended over the crest in these areas to achieve the required levels.

4 Subsurface Investigations
4.1 Hand Augers and Bore Holes

The only sub surface information available within the study sections was a
deep borehole carried out at the Kokohinau Bend in 2007 (Cross Section 3). A
hand auger investigation programme was therefore carried out along each
length of stopbank. Table 3 gives the number of hand augers in each
section. The augers were carried out to 4m depth or until the hole collapsed
as sand washed in. They were arranged in cross sections at right angles to
the stopbank, as shown in Appendices B to G. Two constant head tests were
carried out in hand auger holes in the stopbank at the Otakiri Bend.

A sand layer found towards the base of the many of the hand auger
investigations. Preliminary seepage analyses carried out showed that the
continuity and thickness of this layer was critical in determining whether there
could be problems with heave of the soils at a distance from the stopbank
when the river is in flood. A deep borehole was therefore carried out at each
of Otakiri, Campbell’s and Black’s bends to gain more information on the sand
layer. Some falling head tests were carried out in the boreholes to gain
estimates of the permeability of the critical sand layers.

The deep drilling was carried out by Perry Drilling Ltd of Tauranga.
The hand auger and borehole logs are included in Appendices B to G.

Table 3: In situ test programme

location number of hand augers
Otakiri Road 14
Black’s Bend 9
Campbell’s Straight 8
Campbell’s Bend 12
Campbell’s Dip 8
Kokohinau Bend 11
Ice Geo & Civil July 2010
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4.2 Site Description and Sub-surface Soil Profiles
4.2.1 Otakiri Road

The layout of the hand augers carried out at the Otakiri Road Bend and the
cross sections interpolated from the subsurface investigations are given in
Appendix B. The cross sections show that the levee nearest the stopbank
consists predominantly of silty sands and silts, whereas the low lying area
consists of silts, clays and peat. In some of the hand augers (Cross Section
4) the black Tarawera Ash layer (coarse sand) was quite distinctive in the
surface silts. Elsewhere this ash had been mixed in by ploughing. A medium
to coarse pumice sand layer up to about 200mm thick was found above
fibrous peat in the investigations below RL1.0. Fine pumice lapilli were found
at most locations below RLO. The thickness of this layer was considered
critical in the stopbank seepage analysis.

The three augers carried out in the river berm showed silty fine sands
overlying coarser sands and lapilli. It is possible that the clayey silts and peat
originally found at a similar level on the landward side of the stopbank have
been eroded out during floods and replaced by more recent sediment. One of
the silty fine sand layers exposed on the river side of the stopbank is
particularly light and is favoured by rabbits for their burrows.

4.2.2 Black’s Bend

The layout of the in situ investigations at Black’s Bend is shown in Appendix
C. The borehole was drilled close to Hand Auger 3. The soils found are
similar to those at the Otakiri Road Section except more silty fine sands were
found due to the river levee here being broader and less steep than at Otakiri
Road. This can be seen in the LIDAR plot included in Appendix C. Similarly
less organic material was found within the depth of the hand investigations.
Where the peat and overlying coarse sand layers were found, they are at
about the same RL as further downstream.

There was no natural river berm at Cross Section 2 and it was less than 10m
wide at Cross Sections 1 and 3 (There is now a rock berm.). The natural
berm was found to consist of similar silty fine sands and silts to those on the
inland side of the stopbank, with little evidence of recent deposition of
sediment.

4.2.3 Campbell’s Straight

The Campbell’s Straight section is a relatively straight length of stopbank that
cuts across a bend in the old river channel. A shallow dip in the ground level
can be seen behind the stopbank and is evident on the Black’s Bend LIDAR
plot (Appendix C). Extensive rabbit holes could be seen in the river side face
of the stopbank and within the dip and there were depressions around two
power poles in the upstream end of the dip. Although the stopbank is only
about 2.5m high it was considered that some investigations should be carried

Ice Geo & Civil July 2010
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out along the dip in case there were coarse soils in the old river bed extending
under the stopbank.

Eight hand augers were carried out in five cross sections across the dip and a
15m deep borehole was drilled through the stopbank at Cross Section 3. A
plan of the test locations and Cross Sections 3 and 4 are included in Appendix
D.

Coarse sand was found at between 1.7 and 2.5m depth in the old river bed.
This is underlain by pumice lapilli at between 2.8 and 3.7m depth. The coarse
sand is overlain by the very light fine sand and silty fine sand that the rabbits
were burrowing into. Little correlation in soil layers was found between augers
on the inside and the outside of the stopbank. The river berm consists
predominantly of silty fine sand. Extensive layers of coarse sand and lapilli
were found below RL 0 in the borehole. These layers were interleaved with
layers of pumiceous silt and below RL-5 some organic rich clay.

4.2.4 Campbell’s Bend

At Campbell’s Bend the river bank was covered in vegetation which was
hiding the lack of a river berm and the failures within the river bank. Appendix
E includes five cross sections through the stopbank that show about 150m of
very steep river bank from Cross Sections 2 to 4. Eleven hand augers were
carried out along these five cross sections as shown on the plan. A deep
borehole was carried out through the stopbank at Cross Section 3, which was
considered to have the most critical subsurface soil profile.

This section of stopbank was just over 2m high and was found to be too low to
provide freeboard in the 100 year return period flood. It was therefore topped
up with clayey soil when the clay overlay was placed across the riverside face
to prevent excessive water flow through the coarse sand found in the
stopbank.

Reasonable consistency can be seen in the soil layers from one side of the
stopbank to the other in the cross sections. The upper soils appear to be finer
and have lower permeability than those found further downstream. With the
exception of at Cross Sectton 3, more than 2m of silt and clay was found to
overly any higher permeability sand or lapilli layers. This cross section
extended beyond the edge of the river levee into the lower lying land (see
LIDAR plot). At the edge of the levee (HAB) the coarse sand was just on 2m
below ground level but in the low lying land the layer of coarse sand / fine
lapilli overlying the peat (as found at the Otakiri and Black’s bends) was 1.6m
below ground level (RL1.8). A sand layer was found at a similar RL in the
borehole. Fewer high permeability layers were found at depth in this borehole
than those further downstream.

At Cross Section 1 the hand augers suggested that a coarse sand would be
found at the river bank at about RL 3.0. When the rock berm was formed this
layer was exposed and was found to be up to 1.5m thick and as high as RL
3.5 at Cross Section 2. The layer appeared to dip down towards Cross
Section 3. These surface exposures were incorporated into the seepage
analysis models.

Ice Geo & Civil July 2010
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Hand augers 3 and 5 encountered rock beneath the stopbank, suggesting an
old road.

Mr Campbell commented on the occurrence of vibrations when trucks
travelled along a section of stopbank just upstream of his house and along the
road outside his house. Auger C1 was carried out near the stopbank, where
he considered the vibrations originated, to find if there was a change in soil
conditions. It was found that the soils here were silty sands similar to those
found along Campbell’s Straight and not like those found around Campbell’s
Bend. There is therefore a change between the HAC1 and Campbell’'s Bend
from predominantly sandy soils to predominantly silty, clayey soils. The
LIDAR plot possibly indicates some sort of levee structure at right angles to
the river in this location. There is no recorded fault trace here.

4.2.5 Campbell’s Dip

Just upstream from Campbell’s Bend there is another dip in the ground
surface behind the stopbank suggesting an old river channel. This dip is up to
1.5m deep, which means the stopbank at this location is 3.2m high. The river
berm is a further 1m lower than the ground on the inland side of the stopbank.
Eight hand augers were carried out in three cross sections across the
stopbank at the dip to assess if there could be any localised problems. The
location of these augers and the central cross section are shown in Appendix
F.

Peat was found at between RL 1.3 and 1.8 in five of the augers on both sides
of the stopbank. This is overlain by sand as found at the three downstream
bends. There was little other correlation between the inland and river sides of
the stopbank.

A thick layer of clayey silt was found in HA5 at the low point within the bend,
whereas predominantly silty sands were found in the other augers inside the
stopbank. Various layers of sand were found within the bend with a layer of
coarse sand / fine lapilli found at RL1.0 in HA7 at the downstream end of the
bend.

The stopbank was found to consist mainly of silty fine to medium sand with
only 200mm of gravelly medium to coarse sand (HA4 ) 1m below the surface.

Just upstream of benchmark R38, towards the apex of the bend between
Campbell’'s Bend and Kokohinau Bend, the top of the stopbank has been
damaged, probably by cattle. This needs to be repaired in case the stopbank
is overtopped. There is also a row of stumps at the inland toe of the stopbank
near benchmark R39. These should be dug out, if no coarse sand layers are
found the holes should be back filled with a low permeability soil. If there is a
coarse layer, some form of filter may be required.

Ice Geo & Civil July 2010
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4.2.6 Kokohinau Bend

The stopbank around the Kokohinau Bend was compromised during the flood
of July 2004 and a rock berm was quickly built around the bend to protect it.
The stopbank is 2 to 2.5m high and the land slopes gently away from the
stopbank. At the upstream end of this section (Cross Section 1) there is a
slightly steeper drop between 50 and 70m from the stopbank.

Eleven hand augers were carried out around this bend to provide subsurface
information for six cross segtions. Due to the rock berm no augers could be
carried out on the river side of the stopbank. The borehole was in the
stopbank at Cross Section 3.

Hand augers 1 and 10 were carried out through the stopbank. These augers
and the borehole showed that the whole stopbank appears to be constructed
of silty fine sand.

The hand augers inland from the stopbank show consistent soil layers. In the
river levee near the stopbank there are silty fine sand and sand layers
beneath the surface brown silt. Further away the soils consist of more silts,
clayey silts and organic clays. As in the other sections downstream, at the
base of many of the augers a medium to coarse grained sand was found
overlying peat. The peat almost directly overlies the pumiceous gravelly silt
which is found slightly deeper further downstream. There is typically more
than 2m of soil overlying the upper most sand layer.

4.3 In Situ Testing

Two constant head permeability tests were carried out in hand augered holes
in the stopbank at the Otakiri Road bend. The estimated average permeability
over the depth of the holes ranged from 7 x 10°m/s to 2.8 x 10”°m/s. It was
assumed that the horizontal layering within the stopbank would result in higher
horizontal permeabilities than vertical. Therefore the following stopbank
permeabilities were assumed in the analyses.

kn = 3.0 x 10”*m/s
k, = 1.5 x 10*m/s

Table 4: Falling Head Test Results

Borehole depth RL soil kn
(m) (m) (m/s)
Otakiri 7.5109.0 -0.2 to -1.7 | 0.8m pumice lapilli to lapilli
10mm 0.7m silt 1x10™*
Black’s 7.5t09.0 0.5t0-1.0 0.7m sand, 0.4m silty sand
sand, 0.4m peat 8x10®
Black’s 9.0t010.5 |-1.0to-2.5 [ 0.8msand, 0.3m lapilli, average
0.9m silt 4x10°
Campbell’'s | 6.0t0 7.5 1.6 to 0.1 0.5m lapilli, 0.5m sand, average
0.3m silty sand, 0.2m peat | 2.0 x 10°°
Campbell's | 7510105 [1.6to-1.4 [2.1msilt, 0.9mfinesand |4 x10°
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In an effort to gain better estimates of the in situ permeabilities of the sandy
and gravelly layers, five falling head permeability tests were carried out at
various depths in the boreholes. It was assumed in the analyses that the
horizontal permeability is equal to the vertical permeability in the layers being
tested. Table 4 summarises the results of the tests.

4.4 Laboratory Testing

Hydrometer particle grading tests were carried out on three samples of
subsurface soils taken from the hand augers to enable estimation of soll
permeability using the Hazen formula:

k=0.01d10°

The grading test results are summarised in Table 5.

Table 5: Particle Grading Results

Sample Description Do Dso permeability
(mm) | (mm) (m/s)

Black’s

HA3 1.5m | medium to coarse SAND 0.07 |0.9 49x10°

HA8 1.3m silty fine SAND 0.015 | 0.11 2.3x10°

Campbell’s

HA12.9m | well graded SAND 0.065 |0.7 42x10°

The results of the laboratory tests are included in Appendix H.

5 Analyses

5.1 Discussion

The in situ investigations carried out provide subsoil profiles in isolated
locations only and show considerable variation in the soil layers throughout
the study area. Although an effort has been made to build a degree of
conservatism into the analysis of the stopbank cross sections, it is possible
that in terms of the seepage response to a flood in the river there are worse
combinations of soil layers than those assumed.

The computer programmes used to analyse the seepage problems and slope
stability problems, Geo-Slope Seep/W and Slope/W (2004), are two
dimensional programmes. Therefore, three dimensional effects such as
seepage along old river channels can not be accurately modelled. For a
linear problem like a stopbank, the lack of a third dimension should not have

Ice Geo & Civil July 2010
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much influence on the slope stability issues but the seepage analyses must
be considered indicative only.

Four possible problems could arise due to a flood in the river:

. excessive flows through or under the stopbank

« piping of soils leading to collapse of the stopbank

. 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.

Due to the presence of thick layers of coarse sands within the stopbank it was
decided early on in the investigations to place about a 1m thick layer of
clayey, low permeability soil over the river side of the stopbank. Therefore
there should be only a small volume of seepage through the stopbank in a
flood and flows under the stopbank are more of a concern.

The maximum acceptable hydraulic exit gradient for the light pumice soils in
the area is considered to be 0.4. Exit gradients higher than this may lead to a
loss of fines and piping failure. A check was made in the seepage analyses to
see that this gradient was not exceeded in the soil models.

Seepage of only small volumes of water from the ground surface can
significantly reduce the uplift pressures below the surface. Seepage from the
ground surface has therefore been allowed for in the computer models except
for across the sealed road.

5.2 Flood Hydrograph

EBoP has provided 100 year return period flood flow hydrographs for the
Rangitaiki River at four river meterages within the study length. The flow
model used was the 2010 model which allows for climate change. Figure 1
shows the hydrographs.

As can be seen from Figure 1 there is little attenuation of the peak part of the
hydrograph between the upstream and downstream ends of the study length
of stopbank. The water level in the river is above that of the ground at the
inland toe of the stopbank for about three days and above the level of the low
ground further inland for about six days.
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River Water Level Time Series for 1% AEP Flood at selected locations (river distance from mouth)
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Figure 1: 100 year return period flood flow hyrographs

5.3 Soil Model - Seepage

The soil layers found in the in situ investigations were simplified in the models
used for the seepage analyses on the basis of permeability. The subsurface
profiles were divided into layers of silt, silty fine sand, medium to coarse sand,
clayey silt and peat, coarse sand and lapilli. It was assumed in the analyses
that the clayey overlay had been placed on the river side of the stopbank from
the top of the rock berm to the top of the stopbank.

The permeabilities assumed were conservatively based on the grading, falling
head and constant head test results for this site. Grading and permeability
test results for similar soils elsewhere along the river were considered as well.
Table 6 shows the assumed permeabilities.

The Geo-Slope Seep/W (2004) computer package used for the seepage
analyses contains a library of soil grading curves with corresponding hydraulic
conductivity and water content versus water pressure relationships. The
particle gradings observed on site were compared to those in the Seep library
and the closest fit chosen as the soil model to be used in the seepage
analysis.

When assessing the heave potential of upper layers the weight of the soil was
assumed to be 15 kN/m?.

The stopbank cross sections were generally modelled to 150 to 200m from
the river. Infinite elements were then used to model flow outside the model in
both the initial steady state analysis and the transient flood analysis. During
the initial analysis a head was specified at the infinite elements and another in
the river. The river head was set at an average level and the inland head a
little higher to generate flow towards the river. The depth of the river bed was
taken as that at the nearest EBOP benchmark. The transient analysis of the
100 year return period flood was carried out with a two hour time step.
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Table 6: Assumed Soil Permeabilities

soil kn (m/s) kv (m/s)
stopbank fill 3x10" 1.5 x10™
silt and stopbank overlay 4x10” 4x107
silty fine sand 4x10° 2x10°
fine sand 5x 107 5x10°
medium to coarse sand 1x10” 1x10™
fine pumice lapilli 1x10™ 1x10°
clayey silt, silt and peat 5x107 5x10°
layers

deep sand, silt, clay and 5x107 5x 10"
organic layers

5.4 Otakiri Road

Due to the similarities in the subsurface soil profiles between the cross
sections, seepage analyses were only carried out at Cross Sections 1 and 4.
It was assumed that there was an 800mm thick layer of high permeability
lapilli at around RLO extending across the soil model to the river. In reality the
placement of the rotten rock berm along the river bank will have partially
blocked the flow path from the river through the lapilli layer.

At Cross Section 1 the model showed about a 1.5% reduction in water
pressure in the lapilli layer with distance from the river. It was found that the
uplift pressures below the deepest parts of the water tables at the edge of the
road are marginally below the weight of the soil. However the soil in these
water tables is likely to be heavier than 15kN/m® and there will be some three
dimensional effects as friction causes the uplift pressures to be spread to the
sides of the water tables. It is therefore considered that there should be no
heave problems at this cross section. The model showed that the phreatic
surface should not reach the ground surface during the flood.

The analysis of Cross Section 4 showed that the phreatic surface does not
reach the ground surface until about 150m from the inland toe of the
stopbank. Therefore no problems with high hydraulic exit gradients are
expected. A fine sand layer was modelled under the stopbank but as this is
blocked by the clayey overlay no heave problems appear at this cross section.

5.5 Black’s Bend

At Cross Section 1 (upstream end of section) the silty fine sand layer
extending under the stopbank allows the ground water level to rise to the
ground level at the inland toe of the stopbank during the period of the flood.
The assumption was made in the seepage analysis model that the rotten rock
stability berm did not seal across this layer but that the face of the stopbank
was sealed with clayey fill. The model indicated that there should be no
problems with high hydraulic exit gradients or with heave further inland.
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At Cross Section 2 the uplift pressure below the deepest part of the water
tables are marginally below the weight of the soil. However, as for the Otakiri
Road section, no uplift problems are expected here. Due to the cross section
geometry and the clayey stopbank overlay it appears that the ground water
level should only reach the ground surface about 100m away from the inland
stopbank toe. Cross Section 3 is similar to Cross Section 2 and no piping or
heave problems are expected.

5.6 Campbell’s Straight

The only cross section analysed at Campbell’s Straight was Cross Section 3
as this was where the coarse sand and lapilli were shallowest in the old river
bed. The borehole was drilled at this cross section for this reason. Due to
coarse sand being found within the stopbank and the rabbit holes, a clay
overlay was placed over the riverside face of the stopbank and this was
included in the analyses.

A seepage analysis was carried out using the soil permeabilities given in
Table 6 and assuming a 1m thick layer of pumice lapilli from RL 1.0 under the
stopbank, rising to RL1.4 at HA46. No piping or uplift problems were
identified with this soil model. A sensitivity analysis was carried out varying
the initial static ground water level but this had minimal effect on the water
pressures developed. A further sensitivity analysis was carried out increasing
the permeability of the lapilli layer to 2 x 10“*m/s. There was a small increase
in the water pressures but not sufficient to cause problems.

As the coarse sand and lapilli layers were found to be deeper at the other four
cross sections investigated, it is considered that there should be no problems
in this old river channel.

5.7 Campbell’s Bend

A seepage analysis was carried out on Cross Section 1 using the
permeabilities given in Table 6 and a subsurface soil profile based on the
hand augers, the borehole and the exposures along the river berm. It was
assumed that the sand layer under the stopbank was not sealed by the rotten
rock berm placed against it. Although the phreatic surface rises to the ground
surface during the 100 return period flood, the hydraulic exit gradients are
considered not to be high enough to cause piping. Similarly due to the
thickness of the surface silty layers on the inland side of the stopbank, the
uplift pressures are not considered to be high enough to cause heave
problems.

At Cross Section 2 the uplift pressures under the surface layers are higher
than those at Cross Section 1 due to the sand layer being higher in the river
bank. Although the weight of the soil at the water table at the toe of the
stopbank is only marginally above the predicted pressures it is considered that
heave will not be a problem.

At Cross sections 3, 4 and 5 the sand layers are deeper than at Cross
Sections 1 and 2 and no problems are expected.

Ice Geo & Civil July 2010
draft
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5.8 Campbell’s Dip

The subsurface soil profile at the central cross section was modified by the
addition of a 0.5m thick medium grained sand layer 2m below the inland toe of
the stopbank and a 1m thick coarse sand / lapilli layer 3.2m below the toe.
These layers were found in hand augers to each side of the central section.
The seepage analysis carried out with this hybrid cross section showed the
phreatic surface just reaching the ground surface at the inland toe of the
stopbank. The model indicated that the uplift pressures under the surface
layers are not high enough to cause heave and the hydraulic exit gradients
are low. It is therefore considered that there should be no seepage problems
at this section of stopbank.

5.9 Kokohinau Bend

A seepage analysis was carried out on Cross Section 2 as there is a slightly
steeper fall away from the stopbank here than elsewhere and the sand
overlying the peat layer was found to be just 2m below the ground surface
130m from the stopbank. At Cross Section 3 there was about 1.2m of core
loss in the borehole below RL1.0. It was assumed in the analysis that the lost
core was a lower lapilli layer. It was found in the analysis that the phreatic
surface did not reach the ground surface and there should not be any uplift
problems.

A second seepage analysis was carried out on Cross Section 6 as a fine sand
layer was found below the stopbank only about 1.6m below ground level at
the inland toe. No seepage problems were identified at this cross section.

Ice Geo & Civil July 2010
draft



Rangitaiki Stopbanks Assessment, Otakiri Road to Kokohinau 15

6 Conclusions

1. Rock stability berms are required at the Otakiri Road, Black’s and
Campbell’'s Bends.

2. Due to the presence of coarse sands in the stopbank and the exposure of
light, readily burrowed sands in the river bank, a clayey overlay is needed
right along the river side face of the stopbank from Otakiri Road to
Campbell’'s Bend.

3. The depressions around the power poles at the upstream end of the
Campbell’s Straight section need to be filled in.

4. Repairs are needed to the stopbank between Campbell’'s Bend and
Kokohinau Bend.

///-0/4/4*‘

M. O’Halloran 27 July 2010
BE, PhD, Dip BA, MIPENZ (Geotechnical), CPEng IntPE
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Project: Rangitaiki River
Client: EBOP .
Location: Otakiri Left Bank Subsurface Cross Section 1
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Project: Rangitaiki River
Client: EBOP .
Location: Otakiri Left Bank Subsurface Cross Section 3
Number:
0 20 40 60 80 100 120 140 160
gl | | I 1 1 I | 1 I s
BH1
:_,x -7
« 1 §jity sand
N -6
Eco se sand
ar: -5
= i)
_ - T
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e
Lo e __lapili 4,
_______ ) _silt___
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Project: Rangitaiki River
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Location: Otakiri Left Bank Subsurface Cross Section 4
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Bore Hole Log Borehole: BH1

l - Location:  Otakiri Road
Project: Rangitaiki Stopbank Co-ordinates: East North
Client: EBoP Elevation: 7.3 Datum: Moturiki
'BEERE :
=l Z|E| o 2 E ]
Els|=|e|8 o = 5
s|ls|&|e|s description 515|353
' g[8 8|88 Blele]e]s
0.0 - O)‘ O _ & & w > °
:.x‘ sandy SILT, banded some fine gravel to 4mm, brown grey
I x :
0.50 :X:
: o ) 1.0 piece timber to 10mm
500 TS L ]
15089 & \coarse SAND, grey e
sand washed out
100
l 2.0
oo [x] [ty SILT, rare hard angular gravel to T5mm, darkgrey —~~ |
l - Po°d gritty silty SAND, dense and charcoal, grey / black
| 1O PLA® . e e s e e e v e s e e e o e e ]
c i & coarse SAND, some fine lapilli, some silt, brown
| 4.60 I
I a5 silty fine SAND, dense, brown
3.00 4.30 LIS .
| 4.00 bl e e e
L silty fine SAND, dense, brown
3.50) e
I 100 x x
' 4.00) X
sod P Lo o ___]
] clayey SILT, plastic, medium strength, grey with orange
!4-50—2@-’ ~={ pstaining, moist I
I g
| 220 Ky ]
: .x': pumiceous fine sandy SiLT, light brown, very sensitive
I ]
550 100 [, *
[ 1.50 i‘_:_ __________________________________________
. ok clayey SILT, plastic, medium strength, grey brown
6.0 . b S
Observations:
falling head test 7.5 to 9.0m, 96mm hole
Date started: 02/03/2010
Vane no. Rig: Marooka Date finished:  02/03/2010
Core Dia. 69mm Contractor: Perry Drilling Tim Logged by: M O'Halloran




ye. 8 Bore Hole Log Borehole: BH1
e Location:  Otakiri Road
Project: Rangltalkl Stopbank Co-ordinates: East North
Client: EBoP Elevation: 7.3 Datum: Moturiki
E|l ~ = _ s
= g Elg '% el . <
s|5| 8|2 description §1213]|3
8|18l el B2 I
6.0 Qo o | O 3 S| o | S 3
" x , SILT, grey, sensitive
100 L]
B2 clayey and fibrous PEAT, roots and timber to 20mm, soft, i
6.50 e dark brown
loed ™Y | ___ _ _ ]
8 woF=] [ pissous slayey SIT gt grey Brown T~ y I
7.00 e : ] pumiceous SILT, light grey brown
| 0.20 S
re: Bl fine to medium SAND, grey A
N \PEAT.black ___ _____________ :
7sop029 Loy [\ well graded pumice SAND and pumice to 60mm, grey A
XX fine lapilli to 10mm, typically 2mm, some banding, rare . I
e charcoal ed) s
8.0q s l
odwoobisd | ]
" x SILT, grey, varved, dense, stiff, liquefiable I
8.50 X
9.0q}-1.79 - : __________________________________________ l
1-2.10 l
9.50
EX g S5 il
s I e R
10.00) 100 i % SILT, some angular pumice to 20mm, varved, stiff, grey sol dis i
10.50 ) - 10.5 to 11.0 silt washed away from around pumice
11.0Q) : %
100 |x :
11.50 : *
4.5 :.:. ________________________________________
o B Torgamc CLAY, brown i
Ho 0 | 1] N ]
Observations:
falling head test 7.5 to 9.0m, 96mm hole
Date started: 02/03/2010
Vane no. Rig: Marooka Date finished: 02/03/2010
Core Dia. 69mm Contractor: Perry Drilling Tim Logged by: M O'Halloran
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Bore Hole Log Borehole: BH1

Location: Otakiri Road
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15.50f

16.0Q

6.50

7.0Q

7.50)

bands CLAY with fine organic material and small timber
fragments and fine to medium SAND, bands 100 to 200mm
thick

fine to medium SAND, grey

L 13.8 10mm black organic material

banded CLAY and fibrous organic material and rotten timber
to 60mm, bands brown,black and green

N flnely banded silty fine SAND
\and SILT, green grey

R h - - 11-

8.0
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Pro;ect Rangltalkl Stopbank Co-ordinates: East North
Client: EBoP Elevation: 7.3 Datum: Moturiki
El = < -
IE s| S8 8 -, 1| |8
s|8| 8|2l description 51233
o > > N = (2] ° @ [ =
yARIR BN 1HHEHE
l|200 el >0 _ _ _ _ _ 5| 2|&| 2|8
R B ‘CLAY some fine organic material, estuarine, plastic, soft,
=] figeengrey
L (] |iSiCT i, greengrey |
1250220 L-=4 R 'bands CLAY, some fine organic material, estuarine, plastic, ht
89100 p2s fisoft, green grey and SILT, firm, greengrey i
o~ \flne to medium SAND, green grey |

Observations:
falling head test 7.

510 9.0m, 96mm hole

Date started: 02/03/2010
Vane no. Rig: Marooka Date finished:  02/03/2010
Core Dia. 69mm Contractor: Perry Drilling Tim Logged by: M O'Halloran
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Project: Rangitaiki River Test: i
Client: EBOP :
. e Elevation: 2
h%c;gggp. Otakiri Left Bank Date: 15/01/2010
: Logged by: M. O'Halloran
E|l | & @
- c - o
e ot o L. &
a 3 < Description [
a T © N
0.0 o)
J * x % x| brown fine sandy SILT, dry
Tz [ooXsl ]
x| grey with orange staining silty tine SAND, damp
0.5 L%
(O . S| S S ———— s
g | speckled black and white coarse SAND, wet
1.5 |
los |}  __ _ __ _ _ ]
fi EOB washing in
2.0 |
25 |
3.0
—
i
3.5 ]
4.0 ]
4.5
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Project: Rangitaiki River Test HA22
Client: EBOP :
S o Elevation: 7.3
Il:locagon_. Otakiri Left Bank Date: 12/01/2010
HHIREL Logged by: M. O'Halloran
€ 8 ®
o =, 9] L =
= o = Description 8
S| W | g
0.0 )
1 j,: ‘ j.: brown medium to coarse SAND, minor silt, dry
0.5 ]
0les ool o ]
1 6.2 [F X x| brown fine sandy SILT, damp L
| ~-..-.’| brown medium to coarse SAND, minor silt, Jamp ~—
1.5 ] SO
1sa ool e
20 1 < | dark brown fine sandy SILT, damp
Jao Lxixl ____ __ __ ]
25 ] * .- *| brown silty fine SAND, damp
80 las %l ]
] "EOB
3.5 ]
4.0 |
45
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Project: Rangitaiki River
Client: EBOP
Location:  Otakiri Left Bank

Test: HA23

Elevation: 4.3
Date: 12/01/2010

Umger Logged by: M. O'Halloran
E S ©
S| g 2 1
=2 | T £ Description =
o
S| w| & 3
0.0 O
1 * « * «| brown SILT, firm, dry
05 88 [x. x| ____ ______ __ _ __ ]
Il . * x| grey with orange staining SILT, dry, firm
186 x>x\ _ ]
i . * | dark brown SILT, some clay, damp
| 84 x> x| .
1.0 _] * 2| grey with Mn/Fe staining fine sandy SILT, some clay, damp
182 Lwtosl e e
1 %7 ¥ grey with Mn/Fe staining silty fine SAND, dry
L S
les ool
i * < = x| grey with some orange staining fine sandy SILT, moist
24 [ xx
2.0 | 23" [ ¥ | grey with somé orange staining SILT, moist —~ "~~~
Ji < X <] grey with orange and some brown staining clayey SILT, moist ~
| 24 [xis e ___________]
i 1 brown 7 grey CLAY, with some fine organic material, moist
19 —-=4 _ ]
25 | %7, *| grey silty fine SAND, wet
lae ool ]
b <« % «| grey SILT, wet
30 148 [aral o B S A i)
I —— T interbedded green grey CLAY and black fibrous PEAT, medium
i -7, — strength, moist
3.5 ] B
Fo
los 24 _ ]
4.0 EOB squeezing
4.5
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Project: Rangitaiki River Tast HAGH
Client: EBOP .
S . Elevation: 2.9
l&%ﬁggp Otakiri Left Bank Date: 08/01/2010
: Logged by: M. O'Halloran
E| | & o
Newid c - Q.
21 F| £ Description S
Qo
S|l w| & ®
0.0 O]
¥ * « * «| brown SILT, firm, dry, 0.15 some grit
1 25_[ x x| 0.3 becoming damp L
0.5_] . * . x| grey with orange staining SILT, some clay, firm, damp
d . % « *| becoming clayey SILT
doa [Px2xf ]
i <" X «| grey with orange mottles SILT, damp, firm
1.0 * X x X
188 kx| — — — — ]
. - —= 1 grey with orange moftles CLAY, some organic content, firm, damp
15 ] :E:Ej 1.4 moist
1 1,18 ::::;: _______________________________________
~\L1 R =% brown fibrous material PEAT e
20 1 09 [<x*«|0reengrey SILT, moist, mediumstrength
|~ T E=—=—{interbedded green grey CLAY and black fibrous PEAT, medium |
} —~Z— strength, moist
5 04 [——f B 4
) _To - < * <1 light brown clayey SILT, medium strength, moist
N _()'_1_'?::—‘__—5 brown organic CLAY and fibrous organic material, soft ™~~~ |
:::(:)j :q"f‘-": | grey medium to coarse pumice SAND, some sift, wet ]
3.0_] 2 Y0 plack tibrous PEAT, wet —— T T T T T TTTTTTTTTT
1-05 [seaed .
3.5 ] EOB, UTP log/dense pumice sand?
4.0 ]
4.5
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Project: Rangitaiki River
Client: EBOP
Location: Otakiri Left Bank

Test: HA25

Elevation: 1.6
Date: 15/01/2010

Number: Logged by: M. O'Halloran
— 8) (O]
E Tl 2 o
&= - ) . =
= > < Description ©
S| m| g N
0.0 9]
i x| grey with orange mottles, silty fine SAND, moist
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Project: Rangitaiki River Test HA27
Client: EBOP NI
Location:  Otakiri Left Bank glaet\égtlon. 41'2/01 /2010
Number: Logged by: M. O'Halloran
— o))
£ . o 2
N —I
| E| 2 . 3
=1 > = Description 8
Q| | o
0.0 O
i <= x| brown fine sandy SILT, dry, firm
i : : x| 0.8 some grit (Tarawera Ash)
06 1 4t Lxox| e
1 * . *| brown silty fine SAND / sandy SILT, dry

x| x|
ST ittt M e

1 sz .- _" ____________________ ——
1.5 |~ [ XX grey with orange mottles clayey SILT, plastic, damp
loo [=Xe ]
ji x " ~x|"grey with orange staining silty fine SAND, damp
207 X
_kgé_&;g; ______________ e _
i <~ x| grey with orange staining SILT, moist
1225 x“x"| o ___]
o 5 1.215 [*~_*| grey with orange staining silty fine SAND, moist _
— S x grey with orange staining SILT, moist
18 pox) e
1 - —~ 1 interbedded green grey CLAY and black fibrous PEAT, medium
3.0 | 7 strength, moist
I B
3.5 ] [— —
I

4.5
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Project: Rangitaiki River Test HAZE
Client: EBOP :
S . Elevation: 2.7
kl%(;ra]gg?' Otakiri Left Bank Date- 08/01/2010
: Logged by: M. O'Halloran
E g o
= ’é‘ = a
= - ) L. =
a > < Description @
a L ® n
0.0 O]
i * « % x| brown SILT, dry, firm
loa x>« ___ o ___]
] . * x| grey with orange mottles SILT, some clay, firm, damp
0.5 * x x X
119 [Lx 2 x|

1.5 ——— 1 interbedded green grey CLAY and black fibrous PEAT, medium ~ |
7 strength, moist

¥0 | o7 bord oo _____
T <> <] light brown clayey SILT, medium strength, moist
| 05 x5l ____________ o
i ——~ 1 brown organic rich CLAY, soft, moist
103 E—d ____ |
2.5 ] 0.2 [~ ] grey medium to coarse pumice SAND, some silt, wet .
J T plack tibrous PEAT ~~ T T T T T T T T T T T T T T T T TTOT
7 r:\ /:_:\ /:_:
3.0 ] 01w s
1-05 wwnd ]
J "o -4 grey gravelly fine to coarse pumice SAND, with minor silt, gravel to
1 -~ | 4mm, rare pumice to 20mm, dense, wet
351 085 S
. EOB, washingin
4.0 ]
4.5
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Project: Rangitaiki River etk HAZ
Client: EBOP .
S o Elevation: 2.5
I&%ﬁgg?. Otakiri Left Bank Date: 12/01/2010
: Logged by: M. O'Halloran
£} 8 ®
= | g | =2 =
2| 5| 2 Description =
Q. D
a w 8 n
0.0 O
| * « % x| brown SILT, dry, firm
| “ x * x| 0.2 some grit
le2 [xZx} ___ __ __________ R ——
) . | grey with orange moftles SILT, dry
0-5 il X x X
—.1.95 [x ~ x
+39-F=%=}brown organicclayey SILT, damp =~~~ ¢
. % | grey with orange mottles clayey SILT, damp, becoming moist T
1.0 ] ity
{iespoxll e
4 1.15 E— —] brown organic CLAY, moist N
157 1 ;E:—’Z Ja‘rKPr"e? ‘with orange mottles clayey SILT, some organic material,
B I iy [ L £
T 08 [ *. [ Nghtbrown pumice clayey SILT, moist, dilatant i
T 07 Rz T I hightbrown pumice SILT, moist ~ "~ "7 Fd
T 0% ?f_‘:::‘bTa_cR‘fiBR)Tﬁ PEAT, medium strength, moist™ i1 .
0 | [T _k):léc'k_o_rga_nTC_CI_—AY, soft, moist by dis
- 104 | - |greymediumpumice SAND,wet — "~ """ """ |
3 = = % black fibrous PEAT, firm, moist
25 b, o o)
35
4.0 7
4.5 ]
W,
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Project: Rangitaiki River kast Kl
Client: EBOP .
: ol Elevation: 1.8
hﬁ(ﬁggp. Otakiri Left Bank Date: 15/01/2010
' Logged by: M. O'Halloran
E g o
o= - o _ =
o > < Description 8
S| w| g
0.0 O
Il * x| grey with orange staining silty fine SAND, moist
0.5 ] i
Y 7
1.0 ] 2 I e y
] light grey pumice Tapilli to 2mm, some rotten timber, wet s
1.6 103 [*_ [ grey silty fine SAND_—~~~ """~ """ T T T
] %2 ,| black and white coarse SAND and fine GRAVEL to 4mm, pumice
1 0.4_Fo%:%] lapilliand hard grey gravel o
i OBwashingin "~~~ T T
2.0 |
25 |
3.0 ]
3.5 ]
4.0 |
4.5 |
e =
[SSGEO & CIVIL

Sheet 1 of 1

- == = = = B S B S == O SR B BEm /T Em Emm o Esm o pEa @mm




R R R RO R R B ER - T EN ER E T G G TR En En T -

Test: HA32

Project: Rangitaiki River

Client: EBOP
Location: Otakiri Left Bank

Elevation: 4.2
Date: 08/01/2010

Number: Logged by: M. O'Halloran
=) 8 ®
- ’E‘ S| ot
= — ($) L E
o o = Description ©
a w © n
0.0 0
* % x| brown SILT, dry
189 [xXxl ____ _____ S ——
i * x| brown silty fine SAND, dry
0.5_] %™, ¥
1386 L1 ____ e e
1 385 [Fx X <] grey with orange mottles SILT, dry .
345 —x—tHhlack medium 1o coarse basalf SAND, Tarawera Ash, dry — e
10 x : x : grey with orange motfles SICT, firm, dry ~—
s poxll . __________|
i X~ > <1 grey with orange mottles clayey SILT, some organic staining
15671  Fx*so
] Y‘TTX‘
loa > o _______ ] "

w
()]
|7
I

w
&

| 05 =1

04 XX
e T i
L 025 Lo
Q2T T T

iy

o

S N N T
J&I
I

Tinferbedded green grey CLAY and black fibrous PEAT, medium |
—| strength, moist

e ——— e ——— ——— e o e ) . — —  — — — — — — — — —— ——— — — ]
——— —— — — —— e — —— e e e S e — —_— — — — e —— . —— — . — — ]

—— — —— —— e ——— —— ———— —— —— ——— —— —— —— ————————

Rlack fibrous PEAT, wet "~~~ 7T /
EoB

.
[y

W,

[[@13 GEO & CIVIL
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Test: HA33

Rangitaiki River

EBOP
Otakiri Left Bank

Elevation: 2.6
Date: 12/01/2010
Logged by: M. O'Halloran

Elev(m)
Graphic Log

Description

XX
1x x
o4 x x
|« Ix x

A x| x| x|l
¥ %

X R XTI XT X
il

XT X XIXT XT X

x| x[Ix | x| x]|
x| xlxl xlxll)f >1 x| x|x
b § = =)l

al ladl|

| &

7 strength, moist

W p— p— ' s s g —— — — i s . e, i i e i i . i’ i . i ity s et

brown SILT, firm, dry

b — e, e, ——————— ——— PRSI S S N S S S S S PR MR S eet e g

—— —— ——————— o — —— —— —— e —————————— ————— —

b —— e — e —_—— — —— — — —— —— — —— ——————————— ————— ——  ——o—

e e e e e i — — —— — ——— o— c— JR——— A —

1 interbedded green grey CLAY and black fibrous PEAT, medium ~ |

e e e —— — — ————————————— — ——— — —— o ]

— — — —— —————— —— — —— — — . —— — — — —————————— — — — ]

[ EOB'sandwashingin ™~~~ T T T T T T T T T T T T T

e .

@3 GEO & CIVIL
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-, s B
HAND AUGER HAND AUGER2.GPJ HAND AUGER BA

Project: Rangitaiki River Test HASS
Client: EBOP .
Location:  Otakiri Left Bank Gl ) N
Number: Logged by: M. O'Halloran
E 8 ©
~ = ol | B
= % v Description CEL
o 2 < ipti T
a w 8 n
0.0 O
* « X x| brown SILT, dry, firm
| 376 x| _ ]
0.5 1.365 [*_, > brown silty fine SAND, dry ]
" 3.55 ¥ X x| brown with orange moftles greyfinesandy SILT _
- 05— R-XT —black medium 1o coarse basalt SAND, Tarawera Ash, dry ~ 71
x x| grey with orange staining SILT, damp
1.0 : X : X
|29 [x = o _________
grey with orange staining CLAY, some organic staining, damp
dis.

Tx 1l x AT X X M
Ix[Ix x|

|
[
.x.'.x

—| strength, moist

e P S g g S S — ——— —— ———————— ————— — — — t— o—

P — — e — — —— e e e — — e —— — —— ——— —— s ———— ———— =]

—— g —— ———— —— g— —— — ——

interbedded green grey CLAY and black fibrous PEAT, medium ~— |

—_———e— e ——— .y —— f— — ————— — G — —— ———— —_———

——— e —— e —— e —— ————————— — — — —— —— — —  — —— —

4.5
{el2 GEO & CIVIL
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Test: HA36

Project: Rangitaiki River

Client: EBOP
Location: Otakiri Left Bank

Elevation: 3
Date: 12/01/2010

Number: Logged by: M. O'Halloran
E| | ¢ o
= £ — ot
5l 3| 2 Description g
Q @
a w 8 n
0.0 Q)
i * « * x| brown SILT, dry, firm
127 < x) e e o e o e e
g . X «| grey with orange staining SILT, dry
05 | 25 e x| _ __ __ o ____
24 [ .| black medium fo coarse basalt SAND, Tarawera Ash, dry |
] "~ x]| grey with orange staining clayey SILT, damp
1.0 ™ x
—1.188 b =l e e ST R B R st te msee
+3.9-EXI=tprown fibrous PEAT, moist =
- — — 1 brown and grey with orange staining CLAY, some organic content,
g ——— 1 soft moist
165 _ |16 == ____ __________ S
i - — T inferbedded green grey CLAY and black fibrous PEAT, soft, moist
[
R .
2.0 | 1 [F<X] light brown pumice clayey SILT, moist 1
¥ 50— brown organic rich CLAY, soft, moist 77
MR LI ~ R i I S S L S 0 S O S S M P S SO dis.

eeeee
oooooo

oooooo
oooooo

4.5

ye. ™
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Project: Rangitaiki River
Client: EBOP

Location:  Otaki
Number:

Test: HA37

Elevation: 7.2
Date: 04/11/2009
Logged by: M. O'Halloran

ri Left Bank

E|l ~| ¢ @
2| 5| 2 Description =
L )
a w 8 n
0.0 O]
} * « X «| brown organic SILT, dry
7 Y * x
1 x| brown fine sandy SILT, some fine gravel to 2mm, dry  ~— |
o567 ['oisl ]
] - 4 brown fine gravelly silty fine SAND, damp
1 65 |- o ___________________ I
i “o~-"-"4 brown gravelly medium to coarse SAND, rounded hard gravel to
i e -1 5mm, dense
1.0 o L
T S
1 5.9 [« X[ dark grey SILT, trace fine sand, dense, damp i
-°-.-.9 brown gravelly medium to coarse SAND, rounded hard gravelto
15 ] . 5mm, dense, 1.4m some silt
dss bl o ]
i o779 brown fine gravelly fine to coarse SAND, dense, damp
20 7 0. .
d NN
25 | S85
hes e
1 4.4 [x7_ x| brown silty fine SAND 1
i B UTP gravelraiway/road T T T
3.0 ]
35
4.0 ]
4.5

e,

{ol3 GEO & CIVIL
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Rangitaiki Stopbanks Assessment, Otakiri Road to Kokohinau

Appendix C
Black’s Bend
Ice Geo & Civil July 2010
draft



[ ,g i
R
49 - Section 8.+ 7
Blacks Farm Areas

Stopbank Works

Investigation Complete
lo Be Investigated
mm— Under Investigation
Works Complete
Works in Progress

Legend
Height (m) Moturiki Datum
1.4-0.2 44-46
02-0 46-4.8
0-0.2 48-5
02-04 5.0-52
04-06 52-54
06-08 54-56
08-1 56-58
10-12 58-6
12-14 6.0-6.2
14-186 6.2-6.4
16-18 6.4-6.6
18-2 6.6-6.8
20-22 68-7
220-24 7.0-7.2
Bl 24-26 72-74
B 26-28 7.4-76
I 2s-3 B v7c-78
B 30-32 B 78-8
B 32-34 P 380-8.2
B d4-36 EES2-84
36-38 M 84-86
38-4 B 86-88
40-42 EEB88-9
42-44

N~

Environment
Bay of Plenty

REGIONAL COUNCIL

Rangitaiki River
Geotechnical Remedial Works

Blacks Farm Area

Meters
Scale = 1:4,000

Note: The DEM dataset is generated fom LIDAR data captured in 2006
The original LIDAR dataset has 2 verticle accuracy of 0.15m.
The DEM shown has a 2m cell size which as a conscquence of some
generalisation reduces the verticle accuracy to approximately 0.3m.
© Environment Bay of Plenty(the Bay of Plenty Regional Council) © Land Information New Zealand's Map 4
Digital Cadastral Database (DCBD), CROWN COPYRIGHTS RESERVED Digital Licence No TLENVO1/01 © ap
Sourced from Land Information New Zcaland Data, CROWN COPYRIGHTS RESERVED 02303.?3;;3"3'”

uly




Black’s Bend Hand Augers
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Project: Rangitaiki River Stopbanks
ient: BoP .
et ook Bend Subsurface Cross Section 1
Number: 49
-30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110
sl | ] | 1 | | I 1 | 1 1 I 1 Ll s
7 -7
6~ —6
5k —5
g 2 1
c * X ___S_il_t_ _______ 3
S 4 [ 3 N silty fine sand j 1
S  ____ silt [ _____ T TTTTTTT - e
m L »
3 T X silt -~ 3
——————— xx e xx
> clayey silt T
2 — ______—-———-_—————'__- —————— % i -12
———————————— A silt )
——————— -
1 17 clayey silt and peat 1
Uns —o
A -1
-2 | ] i ] | I | | l | | | { } l__1-2
-30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110
Ice Geo & Civil Distance (m) February 2010
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Project: Rangitaiki River Stopbanks
Client: EBoP .
Location: Black's Bend Subsurface Cross Section 2
Number: 49
-10 10 30 50 70 90 110 130 150 170 190
| I | i I 1 | I | 1 | | | | 1 | I | ]
8l 8
Um —~7
6 —6
5 5 -5
E 6 ~ e
S e .
9 4t X , __fire to_medtam sand x. . . 71
g 7 i e sandy silt L
u% = silt —ZZITEEER T silty fine sand - x
- st T e ———— ] X
3 x T T L x —3
R Ity = e
CEREEE S e =
I o 5 ]
2 - Fa 12
X —] . x
= clayey silt x
= =]
- X —_—
1 X B -1
< silt =
====Fg====="Tmedium to coarse sand
o — peat —10
A —-1
-2 1 1 | ] | J L 1 1 | | | | ] l I | I 1 | | -
10 10 30 50 70 90 10 130 150 170 190
lce Geo & Civil Distance (m) November 2009
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Project: Rangitaiki River Stopbanks
lient: EBoP .
E;S;‘ﬁon: B,agk-s Bend Subsurface Cross Section 3
Number: 49
10 Q 10 20 30 40 50 60 70
s ! 1 T | T T 1 I s
6 -6
9
e P p—p—— | i
ar e siltysand _ 2 4
______ = sit__ .
3 | _sitysand _______________ . &
D! I o clayey silt 1,
S —] |
© —{ clay and peat F—
o = -
m = =
o= e ————— = o
_____ :I ———_Deat _
2] sand and lapilli
2 e y: ___________ —1-2
silt, sand, lapilli and clay layers 200
-6 E -1-6
]
8L I 1 | | | | 1 I_ls
-10 0 10 20 - 30 40 50 60 70
lce Geo & Civil Distance (m) February 2010
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Bore Hole Log

Borehole: BH1

' - Location:  Black's Bend
Project: Rangitaiki River Co-ordinates: East North
i Client: EBoP Elevation: 8.0 Datum: Moturiki
gl - c N
Els|E| 28 el :
s|8|8|els description §18|2|3
8188|884 elelcl2]s
0.00) | o 0O AR ERE
: ;T: clayey SILT, stiff, fill, orange brown
it
0.50 be 4
. 100 :—&j
1.00|7.00 iél U UOR
l coarse SAND and fine gravel to 3mm, grey
|1.5o
lz.oo
[s8dto0f _ | | _ _ _
19 k~{ KfinesandySILT fil, hard, brown s
'2_50 " :, fine sandy SILT, fill, hard, blue grey
X .3
l3.oo_5._0Q ":’ __________________________________________
'3.50_4-_9 i ]
] fine sandy SILT, fill, hard, blue grey
l x':»
I4.oo 100 [ ']
l P X B N I
-
:550
6.00| 2.00
Observations:
Falling Head test 7.5 to 9.0m
Date started: 02/03/2010
Vane no. Rig: Marooka Date finished: 02/03/2010
Core Dia. 69mm Contractor: Perry, Tim Logged by: M O'Halloran
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£ e

Pro;ect Rangltalkl River

Bore Hole Log

Location: Black's Bend
Co-ordinates: East North

Borehole: BH1

Client: EBoP Elevation: 8.0 Datum: Moturiki
£l - c g l
£ :c; Elg| £ El . =
% HRIERE- description - £33
g|3(8|¢g|é& elelc|e I
6.0 1l o| O 3 S| o | S 5
-9 f~4 KfinesandySILT fil, hard bluegrey ________________ f
170 Zi [ SILT, sensitive, soft, grey with orange staining |
* SILT, some clay and organics, grey l
650149 [x1 L___
100 : x | SILT, rare timber, spongy, dilatant, brown i
7.0Q) i : 7
| 0.80 e <y L
(06s | x] [SILT, some timber, stiff, grey |
7sorgRg  [xq  plPumiceous SILT firm, light browngrey 7
- Silty fine to medium SAND, grey HEZ l
0.2 | | pumiceous SAND medium to coarse, grey  __ __ |
B PEAT, fibrous homogeneous (like particle board) stiff, black '
8.0Q 21
100 [+ 3
S« R | Sy O R
= pumiceous silty fine to medium SAND, brown grey .
8.50
s O
i fine pumiceous SAND, some lapilli to 3mm, grey i
9.0q]-1.0 ,_ __________________________________________
-9 B4 organicrichsilty finetomedumSAND 7
wd [ ] | wellgraded SAND and fapili to 5mm, giey | i
1 e pumice LAPILLI 1 to 12mm
9.50 [e0ecer
-1.60 e e e e e e o]
% : x | SILT and sandy SILT with pumice lapilli rich bands grey l
oodf | : i ) :
(| ®°] [ LAPILLIn SILT matrix, approx. 70% lapilli, 30% silt, lapilli to |
:x'::c 20mm
osol25d o9 L _____ __ _ ___ __ _ _ _ __ ]
s layers fine SAND, grey and LAPILLI to 5mm, layers approx. l
osd [ 50mm thick
| [“x] [ varved SILT, some lapilli rich layers, liquefiable, grey | '
11.0Q <
100 : % :
11.50) P : ] !
;3-_8Q :..x.q __________________________________________
o] o] fine to medium SAND, some bands rich in fine lapilli and
12.00-4. PCF
Observations:
Falling Head test 7.5 to 9.0m
Date started: 02/03/2010
Vane no. Rig: Marooka Date finished: 02/03/2010
Core Dia. 69mm Contractor: Perry, Tim Logged by: M O'Halloran
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Bore Hole Log Borehole: BH1

e . Location: Black's Bend
Project: Rangitaiki River Co-ordinates: East North
Client: EBoP Elevation: 8.0 Datum: Moturiki
£l - c _
gl E| 2| 2 E &
oS (o] kel © . . = @ .
s|3|8|e|= description 515|352
JEHEE el |2z
2 () 9 (@] (5] . »n » w > °
x| [icharcoalgrey _ ___ _ ________________________ /
ey varved SILT, some lapilli rich layers, liquefiable, grey
2.50 : x :
100 |x : 3
3.0Q x )
asof-550 pd L e N
presese lapilli and fine GRAVEL to 2mm, some silt, some fibrous
s7g [ [organicmateral j
590 =3 organic rich CLAY, fibres, roots to 20mm, plastic, soft, green h
0 c*1 |grey, 13.8m 2mm band white extremely sensitive SILT /
100 [g 4 organic rich CLAY, fibres, roots to 20mm, plastic, firm, dark
x:_”: brown green grey
4.50 ]
B S
% k=] RclayeySILT fim,browngrey y
50060 X3 varved pumiceous SILT, stiff, light greenish grey and brown |
a9 | | INagor T T e e e
tmber ______________________________ f
\pumice LAPILLIto 8mm, some silt, brownishgrey ]
5.50 EOB
6.00)
6.50
7.0
7.50
8.0
Observations:

Falling Head test 7.5 to 9.0m

Vane no.
Core Dia. 69mm

Date started: 02/03/2010
Rig: Marooka Date finished:  02/03/2010
Contractor: Perry, Tim Logged by: M O'Halloran
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Project: Rangita

Bore Hole Log

Location: Black's Bend

iki River Co-ordinates: East North

Borehole: BH1

-“

Client: EBoP Elevation: 8.0 Datum: Moturiki
AR c N
Ele| E| 2| 2 E 3
—. o .9 @ . . = @ pur
s|8|§|els description 15|35 3
slalzl5] 2 0 - N -
8|3 |8| 8|8 Blels|2 gl
0.0 = o - - 7] » 7} > S
;7_ clayey SILT, stiff, fill, orange brown
RT1 l
0.50 M
100 :—LJ '
1.0Q]7.00 iga __________________________________________
i coarse SAND and fine gravel to 3mm, grey
1.50]
2.00 l
 seqto0l _ || _ _ _
19 k= nfinesandySILT fill, hard, brown v
2500 ’ : fine sandy SILT, fill, hard, blue grey '
X .
sodsod B0l L ]
350140 K & e
: x fine sandy SILT, fill, hard, blue grey
x':,
sod |10 x
asdasd bl L]
5.00)
5.50]
6.00l 2.00 N
Observations:
Falling Head test 7.5 to 9.0m
Date started: 02/03/2010
Vane no. Rig: Marooka Date finished:  02/03/2010
Core Dia. 69mm Contractor: Perry, Tim Logged by: M O'Halloran
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Project: Rangitaiki River Stopbanks
Client: EBoP
Location: Black's Bend

Test: 1

Elevation: 4.3
Date: 06/11/2009

Number: 49 Logged by: M. O'Halloran
5 2 2
S|l g 2 =1
g 3| 2 Description =
Q. )
a i 8 N
0.0 O]
| * - - x| brown silty fine SAND, damp
0.5 ] i
lse Dol o
] % % | orange stained grey fine sandy SILT, damp
1.0 ] Xk
s Lxol o ___________
< X | orange stained grey SILT, dilatant, sensitive, moist to wet
1.5 9 X * X
20 [ 23 z;zr';zr_;h’i';i.:giréyﬁﬁé’Sle‘lD,_vVe_t______———______—_______-—'_____:4
i " x x| grey fine sandy SILT, sensitive, dilatant ~— ]
= x :x :
26 1 48 [xIxl
| EOB hole squeezing in
3.0 ]
35
4.0 |
4.5
ﬂhu
(§EGEO&CIVIL |

Sheet 1 of 1
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Project:  Rangitaiki River Stopbanks Test: 2

Client: EBoP

Location:  Black's Bend Elevation: 4.4

: Date: 04/11/2009
Wumber: 49 Logged by: M. O'Halloran
— (@)
o
£ = ®) . =
o > < Description ©
a w © N
0.0 O]
| * « * x| brown SILT, firm, damp
laa x>« .
1 “ < x| orange stained grey silty fine SAND7 sandy SILT
05 | 89 [x x| _______ e
] * .« x| grey fine sandy SILT, some fine roots, moist
Tae [oisl e
¥~ * <] orange stained dark grey clayey SILT, moist, soft
1.0 Nty
N &TTT
b A < V- M a.s oy ]
y *x * x| orange stained grey fine sandy SILT
los fxoxl ]
2.0 ] x— [ layers orange and black stained grey clayey SILCT and orange
| | __X'| stained grey SILT, layers approx 100mm, soft
B —
g —
J 2 =
25 119 [ > o
1 < % «| grey SILT, sensitive, dilatant
las Lx =) .
3.0 ] ¥~ * <] dark grey clayey SILT and brown clayey SILT with organic confent
. §::x—::
] 1 *—x-*_x—
3.5 _':@@:'K?}:Ja_rl?Br'onﬁ'ﬁBrBTEPEAT_"“"_"'__'—_____—"—___""_::
| 08_[x X <] dark grey clayey SILTand brown clayey SILT with organic content ~
I EOB'squeezing T T~
4.0
45 7

£,

1CE[ N
R Sheet 1 of 1
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Project: Rangitaiki River Stopbanks
Client: EBoP
Location: Black's Bend

Test: 3

Elevation: 7.5
Date: 06/11/2009

Number. 49 Logged by: M. O'Halloran
— (@)
o
El =S 2
= - o e =
=4 - < Description ©
a L ® n
0.0 O
153 *« * «| brown organic SILT, trace fine sand, dry
4 [ 74 brown gravelly medium to coarse SAND, minor silt, trace clay, hard |
= .- °_-| rounded gravel to 5mm, dry
0.5 | Fa dis.
| ‘o' ’ q
1.0 ] o ° | dis.
1.5 | :.oi::: g dis.
2.0 ] NS
1ss $o001
| 5.2" [x7. x| dark brown silty fine SAND, damp .
F515 L -—<tgrey mediumtocoarse SAND™~ ~ T T T T T T T T T T T T T =
2.5 |58 p—w=-greysilty fine SAND, dense, damp ~~~ """ T T
3.0 ]
35 ]
| EOB
4.0 |
4.5 ]

e .

[@l3 GEO & CIVIL
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Project: Rangitaiki River Stopbanks
Client: EBoP
Location:  Black's Bend

Test: 4

Elevation: 5.7
Date: 06/11/2009

- s =

Number: 49 Logged by: M. O'Halloran
— o
O
\E/ ’g 1 (%J-
2131 2 Description S
=y )
a w 3 n
0.0 ()
R -°.-.-.q brown gravelly medium to coarse SAND, dry
1 Eeied
IR S I .
0.5 ] x - x| brown silty fine SAND, damp, dense
1.0 ] L
16 a2 Poodl ]
i *x ~ x| dark brown'silty fine SAND / sandy SILT, damp, dense
oo fwisl ]
i “ <~ x| dark grey fine sandy SILT, oxidises black, damp, Tirm
2.0 ] %
25 82 Lxoxl ]
EOB UTP gravel
3.0 ]
85
4.0 |
4.5

HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 26/7/10

="

{®13 GEO & CIVIL
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Test: 5

Project: Rangitaiki River Stopbanks

Client: EBoP
Location: Black's Bend

Elevation: 4.7
Date: 06/11/2009

Nimber: &9 Logged by: M. O'Halloran
E| | 2 o
= | 5| £ Description 5
Q O
a L 8 N
0.0 O]
| * . * «| brown organic SILT, trace fine sand, dense
a5 [~ ]

X
X

X XT Xk " x . °

ERE EE IRttt NOUN,

N
o
|
% <

N
L
Ix |1
|

l
l

3.5

4.0

L1 1 1

4.5

[brown silty fine SAND /' sandy SILT, damp

N
OleIN
|
|

L,

I

| |
|
1

| orange and black stained silty fine SAND, moist ]

e — o ———— o —— —_—— — — [ —— e — i — — — — — — — — — — — — — ——— ——

——— ——a— ——————————————————————————————— ]

————— g — ——— — — — — — — — — — — — — — — {— — —  — {— — —— ot — o t— — —" — — — a— — —

/N,

[[el3 GEO & CIVIL
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Project: Rangitaiki River Stopbanks
Client: EBoP
Location: Black's Bend

Number: 49

Test: 6

Elevation: 4.2
Date: 06/11/2009
Logged by: M. O'Halloran

o Depth (m)
Elev(m)
Graphic Log

Description

Sample

« X E X X ¥ x
Ix xIx x x x x
X X X X

|
TTxIX XIx x x x X

xl

xk x x x.Xx
% x x x-xf

|
11X

|
|
|
|
|
XTI XT X|T XKk *X X X X X}
x|

|
K X X ]
| x x x x x ><||x|>< b< * >‘ xl x|x||x||>g‘x_‘x“x‘>‘<‘}
o R Rl
s I I

X X X X X XK TxX X
x x x x x xkx Ix
X X X X X X I|>< %

1
|
|
|
!
3

!
L,

2

J—

4.5

l— ————————— ——» o—— w— o— ——— ——————— —— — — o]

k
|
|

| light brown organic fibrous rich CLAY, some timber

—_———— T R

3.5 5 ” P_b; [ light brown pumice SILT ~ T T T T T T T T T T T T T T

brown SILT, dense

0.4m 50mm Tarawera Ash rich layer

—— e e ey ——— —_—— —— iy e e  — —— ————————— — — . s ]

N —— ——— —— ——— —— ——

—— — ——— — —— ———— ——— e —— — ————————————————— o =]

EOB'squeezing™ T T T T T TTTTTTTTTTTTTT

.
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Project:  Rangitaiki River Stopbanks Pk 4
Client: EBoP .
Location: Black's Bend [E)Let\g_atlon. %2/1 1/2009
Number. 49 Logged by: M. O'Halloran
— (@)}
Elz]| 3 o
= = o L E
aQ S < Description 8
Q| W | @
0.0 O]
< < «| brown SILT, firm, damp
134 _[xXx| }
i : x : x| .1 gritty Tarawera Ash B F
i . x| orange stained grey SILT, damp, firm~——
0.5_] x| 0.5m moist
2.7 [ x. x ]
T ~Fx*%| grey fine sandy SILT, moist
loa foXs|
1.0 ] ¥~ X <1 orange stained grey and brown clayey SILT, some organic material,
i < * <1 soft
12 [=><
119 [x>x[grey SILT_ e e e g
1.5 ] 9| orange and black stained clayey SILT, some organic fibrous material
T O
2.0 FiasKZy~Iblack fibrous PEAT pE
4 = = -] orange and black stained clayey SILT, some organic fibrous material”
26 og o> o __
1 0.7 K «7%x] white pumiceous SILT 1
j “« * x| dark brown organic clayey SILT, fibres™
4 M x
04 L Bl e e e — e e
3.0 [ 0.3 [ 7| light grey pumiceous medium to coarse SAND, fineTapilli — ]
| 2 dark brown fibrous PEAT T T T T T T T T
1o ey ]
EOB sand washing in
3.5 ]
-
-
4.0 |
4.5
e "
[S2GEO&CIVIL |
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Project: Rangitaiki River Stopbanks

Test: 8

Client: EBoP

Location:  Black's Bend gletvgtlon: %2/1 1/2009
Number: 49 ate. .
Logged by: M. O'Halloran
E g @
- ’é‘ - -
=1 5| £ Description =
oy D
a L 8 0
0.0 O
| 4.4_|*. -4 brown silty fine to coarse gravelly SAND L
-°.-.-.4 brown medium to coarse gravelly SAND, some silt, hard rounded ~
i 2.~ | gravel to 5mm
T e i
1 39 [F-C X[ grey silty fine SAND - ]
i *. . *| brownsiltyfineSAND T T T T TTT
1.0 LI
iss - ] i
] =] grey fine SAND, wet '
1.5 ___3__{_ o
| " *| grey with black and orange staining silty fine SAND, wet
! n X ¥ :x
27 |- %
1~ T ZX{ orange stained grey clayey SILT, some black sfainingandfine =~~~
2.0 | | ”_x| organic material
T I
Lae i ]
3.0 _] EOB squeezing in
3.5
4.0 ]
4.5 7

= .

{®3 GEO & CIVIL
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Project: Rangitaiki River Stopbanks Test: 9

Client: EBoP

) Elevation: 4.4
Location: Black's Bend :
Number: 49 Date: 06/11/2009

Logged by: M. O'Halloran

Description

o Depth (m)
Elev(m)

-
(6)
X

brown organic SILT, dense , firm

————— — e — o —— — ——— —_——— e — — ————— —— —_—— — —— ]

Ash

|
“xl XX
'x'lx X

x .

Tx % % |+

XX }Kxxx Graphic Log

i o

e — — —— —— — —— [ —— —— —— e — — —— — — — — —— —— ———— — ]

1oxox . xX

= e —— — — —— ——— —— —— —— e ———————————————— —— ]

x . xf

wlx s x b glx x+ x| x
o
=
QO
=
«Q
D
(2}
—
)
b
()
Q.1
«Q
o |
(0]
<
@
=
<
=
=
o
i
Dl
Z
o
3
ol
&

x ox 1

b e e s g e —— e — p— —— — — — — ——————————————————

|
|
|
|
|
R I

Al

X
<.

X XT Xp

]
]

————— ——— e — —— e —— —— —— —— e —— ——— — — ——

———— —— e ————— —— —— — —— — —— — —————— ———

N,

{2 GEO&CIVIL |
st et st e Sheet 1 of 1
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Rangitaiki Stopbanks Assessment, Otakiri Road to Kokohinau

Appendix D

Campbell’s Straight

Ice Geo & Civil

July 2010
draft



Campbell’s Straight Hand Augers



Project: Rangitaiki River Stopbank Assessment
Client: Environment Bay of Plenty 3
Location: Campbells Straight
Number:
-20 10 80
N T T g
7+ 7
6 6
5~ -5
4 4
e T 45
S
c 2k —2
5]
w
o -0
A -1
-2k —-2
-3 -3
o -4
-5~ -5
-6}~ -6
7 .7
-8 | ] | 1 | | ] ] | 1 1 -8
20 10 0 10 20 30 40 50 60 70 80
Ice Geo & Civil Distance (m) February 2010




]
Project: Rangitaiki River Stopbank Assessment
Client: Environment Bay of Plenty .
Location: Campbells Straight Subsurface Cross Section 4
Number:
0 5 10 15 20 25 30 35 40 45 50 55 60 65
10k | ! | | | | I | | | I I 1 1 10
o ~9
sl —18
7+ -7
E°T T
Py
2 5| HA43 HA42 s
© ° —
> X i3
[1)] X . X
W | & silt .
41 X —4
- >
e e
= ~ZTlayey silt silty fine sand - 1
N ___Ssit - 2
;L= layered well graded sand, 3 sitty finesand ~_______I.| ______. : ’
— coarse sand and lapilli e s - silt
coarse sand
o —0
1+ -1
-2 I | | | I | | | | | | | | l_)-2
0 5 10 15 20 25 30 35 40 35 50 55 60 65
Ice Geo & Civil Distance (m) February 2010




ye. Bore Hole Log Borehole: BH1
Do Location: Campbells Straight
Project: Co-ordinates: East 40 North 0O
Client: Environment Bay of Plenty Elevation: 7.4 Datum:

[ - = 3
TElElE| ® 2 El . 3
s|s|8|els description 51503518
g13|2|8|8 s 2 2]:]s
0.00 o O)' ] : 3 3 [} > °

% fed [sandySILT browntopsoil ________ J
' e ] 3 coarse sandy SILT and silty SAND layers, dense, brown
0.50 :"
x ]
. ]
x
1.09 %, o
O O IR e LR TS| W IR o S
Y silty fine to medium SAND, dense, grey
o o R I R TR 1y T TERTERAT L SR
L coarse SAND and hard rounded GRAVEL to 8mm
Bk Do) | bty £-5 NN WY » R TR 3
lz.oq fx fine sandy SILT, firm, grey
X z
'2.50 * %
e o R VR T PR UYL
-9 k=4 KfinesandySILT, some clay, firm, grey =~~~ /1
B o oemedysERGRO ey - T T T
i 3,00 440 \fine sandy SILT, firm, browngrey _/
3.50
sofiss E=1  pclayey SILT, grey with orange staining T T8
I ' x \PQE@"Z SAND, black, TaraweraAsh J
“.] | iSilty fine SAND, grey with brown staining _ """ ,
450 2. x~1 [\.SILT, some clay, firm, grey with brown staining __ /]
[ silty fine SAND, firm, grey with orange staining” " """ """ H
5.00] 2.40 — e e TS S | T ke e
009 |- | Silty fine SAND, firm, grey with orange staining |
o fine pumiceous SAND, moderately loose, light, fluffy, light
l grey
5.50)
[ 1.7 St S O N, e S M S RN, i Bt BN e E B L RS
' ey silty fine SAND, some fine bands fine sand, dense, grey with
e | 1 horangestaining i
Observations:
Date started:
Vane no. Rig: Date finished:
Core Dia. Contractor: Logged by: M. O'Halloran




™

ye. Bore Hole Log Borehole: BH1
I - Location: Campbells Straight
Project: Co-ordinates: East 40 North 0
Client: Environment Bay of Plenty Elevation: 7.4 Datum:
il c -
q els|E|e 2 El . 5
% 5 03 o | £ description i% R F
13|38 @ 3 g | e E % 5
IS 00 o cn’ &) . - _ 3 3 ) P 5
: -x.: sandy SILT, stiff, grey with orange staining
i ]
*M¥  EI]  ffine o medium pumiceous SAND, some st grey A
bzl e e e e e e Y e
i * .| [Lpumice LAPILLIto ommorange J
"~ [.banded silty fine SAND, some lapillito Smm, grey q
7.0Q ' coarse SAND, some silt, grey speckled
I sEy pdmber - F
] [\fine sandy SILT, greengrey """~ """ ]
o | PEAT, homogeneous, black _____~ I
R \_’“_99'_‘{“}9 coarse pumiceous SAND and fine lapilli to 3mm ||
o k.1 pfalingheadtest T T i
Bolosl D] [iPEATamomhons saf Badk " i
*=] [jorganic rich fine sandy SILT, soft, brown __ |
ol coarse pumice SAND and LAPILLIto 10mm, some silt, brown
ig,so"" 1_9191 _____________________________________ 1
ool [isilty fine SAND, brown '
P ° | banded fine SAND, some pumice lapilli rich bands, lapilli to [
l pood |lommogrey }
90160 Fa®¢ | ‘pumice LAPILLIto 60mm, typically 10mm, fine charcoal ,
od £ [fragmentstoomm T T i
' P06 pumice LAPILLI to 60mm, typically 10mm, fine charcoal
osf2id [KI] piragmentsto2mm By
| [[x] [\pumiceoussiltyfineSAND, grey __ _______________ /|
x| pumiceous SILT in bands, pumice lapilli to 10mm, charcoal to
L ¥ 20mm, extremely sensitive, grey
0.00 X
0.50}-3.10 ;1: __________________________________________
preceas pumice LAPILLI, 0.5 to 5mm, grey
'1.00
e I O
' : x : pumiceous SILT, stiff, sensitive, grey
199 : x | 11.7 some varving
‘ X 11.9 20mm lapilli rich layer
2.001-4.6 x
Observations:
Date started:
Vane no. Rig: Date finished:
Core Dia. Contractor: Logged by: M. O'Halloran




ye. Bore Hole Log Borehole: BH1
e Location: Campbells Straight
Project: Co-ordinates: East 40 North 0
Client: Environment Bay of Plenty Elevation: 7.4 Datum:
El = c 5
Els|E| 8|3 £l £
% R description 5| = HE
S|s|g| g8 elels|z]|z
o Qo Q@ S| O S 3 17 = ‘6'
g washed out
12.50 I
520 KX L e
29wy (pumice LAPILLL 2to3mm,grey i, .
-5.4 L varved SILT, extremely sensitive, brown and grey o
5. ParaZndl B\ e o e e e e e e e e e e i — — — — — — — — — — — —— —————————
sogies  E=3 |\ pumice LAPILLIto imm, grey i
561 [Fen]  [1SICT, extremely sensitive, white J
E CLAY, some fine lapilli to Tmm and organic fragments, trace
13.50 fine sand, very plastic __ __
| \pumiceous SILT and charcoal, white __ !
pumice LAPILLI, 1 to 2mm, some sandy layers
-6.50 0
1oqgs] fxd [\Rumiceous SILT, some fine fibres, extremely sensitive, grey __ | i
"1 (7] [.pumice LAPILLI Tto 2mm, some sandy layers d
60 [ “fine SAND, some rotten timber, some fine lapilli rich bands,
s | [ fgeengey o ______________ i I
-9 5 organic rich CLAY, some rotten timber, very plastic, firm,
- k=—{ pbrown . 7
it silty fine SAND, rare organic fibres, slighty sensitive, dense, l
isool760  \*.y | stiff, greengrey p
EOB l
15.50]
16.0Q I
16.50
17.0Q
17.50
18.00
Observations:
Date started:
Vane no. Rig: Date finished:
Core Dia. Contractor: Logged by: M. O'Halloran



Project:  Rangitaiki River Stopbank Assessment Test: HA41

Client: Environment Bay of Plenty
Location: = Campbells Straight
Number:

Elevation: 5.0
Date: 26/01/2010
Logged by: M. O'Halloran

Description

o Depth (m)
Elev(m)
Graphic Log

brown fine sandy SILT, damp

X, X X

T X x %
'51” KR 56 75

Ix x x

1

—— —— —————— —— —— — ——

8

%" 1' OX:

I

|

|

I

|
TxlIx

1
“xlx

X
X

X
X

.. %] 2.0 damp

—— s ——————— — — — — — — ]

e e e e e —— e — — — — — — —— ——— — —— —— g — —— — ——— — —— e —

o] fluffy

&
o

w
(63

bt an el g b g ) ig
X

% x| 3.6 wet

€ ¢

o

o
1o
|©©

4.5

|

/1 tlul

leld GEO & CIVIL " f
o e mam—— heet 1 of 1
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HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10

Project: Rangitaiki River Stopbank Assessment EGsE HAGE
Client: Environment Bay of Plenty —
S ; Elevation: 4.8
I&?Jc;‘gggp. Campbells Straight Date: 26/01/2010
: Logged by: M. O'Halloran
— (o))
o [}
El oS 2
= = ) L E
aQ S < Description 8
Q|| g
0.0 O
| * x * x| brown fine sandy SILT, damp
- X :x :
laa Pl o R
0.5 ] * <= %[ light brown Tine sandy SILT 7 silty SAND, dry, Toose, light
. X :x :
1.0 ] x
—_. x 'x'x u
1.5_:__3_3_21::‘5‘ ____________________ e
] *7-. x| grey with orange staining silty fine SAND, dry, light, fluffy
2.0 ] SR
los oo ____ N
k X | grey with orange staining fine sandy SILT, moist
25 x> x
] [
I O I
3.0 ] & .. *| grey with orange staining silty fine SAND, wet, Tight
1 px
! _ .x R .x
3.5 | = :x. %
40 os ool ]
I EOCB
4.5

"

{813 GEO & CIVIL

ONSTRUCTION (TD

Sheet 1 of 1
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Project: Rangitaiki River Stopbank Assessment Test: HAL
Client: Environment Bay of Plenty Elavation: 4.8
I&ocagon.: Campbells Straight Date- 56/01/2010
umoer: Logged by: M. O'Halloran
5 2 2
2| 5| 2 Description =
Q.
S| w| & &
0.0 O
| * < % x| brown silty fine SAND, damp
laa fosl o ]
0.5 | 4.3 [x__ x| light brown silty fine SAND, light, dry ]
1 " x x light brown SILT, dry, fight —— """
1.0 ] e
16 aa bl ]
1 * 7. *| grey with orange staining silty fine SAND, Tight, Tluffy, dry
T e
2.0 | < * x| grey with orange staining clayey SILT, moist
2.7_IxZx] e
[ [*7.. | grey with orange staining silty fine SAND, light, Tluffy, moist
e | : .| 2.4m 30mm pumice lapilli rich layer, lapilli to 3mm
: 28 . %00
122 Z;ﬁjzf:@éﬁge_cﬂéa_n'ﬁ'n_e_ﬁ mediumSAND """
] -°.-.-.q grey well graded gravelly SAND, pumice gravelto 4mm ™~~~
80 |48 | o) o ______ ]
i “o-7-"q9 orange gravelly medium to coarse SAND, dry
16 _L %7
1 [ " |orange coarse SAND /fine lapilli —~ T T T T T T T
Y
35 ]
J 12 L. ol R ]
| 1.4_[-55T] grey well graded SAND ]
| ' orange coarse SAND /finelapilli 7777
o9 _{ __- ! _ ]
40 | EOB washing in
4.5 7
e "
Blcioacvii

Sheet 1 of 1




Project: Rangitaiki River Stopbank Assessment Test i
Client: Environment Bay of Plenty .
Location: Campbells Straight glaet\égtlon. 32g 101/2010
humber Logged by: M. O'Halloran
= & ©
S — —l ey
5 % = Description 8’
Q P < ©
a L 8 N
0.0 (O]
i x| Tight brown silty fine SAND, light, fluffy, dry
0.5_] w0 ox) 1.6 wet
1.0 ] 2N
1571 |liw
vy 1 [0
20 1 [l e B i ]
1 x %% brown grey fine sandy SILT, some clay and organic content
I I e

——— —— e ———————————————— ————————————————— ]

HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10
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Project: Rangitaiki River Stopbank Assessment et P
Client: Environment Bay of Plenty —
Location:  Campbells Straight Elaet\é?t'on' 322 /01/2010
Number: Logged by: M. O'Halloran
— o
El =13 2
21T = Description &
2 D
a w 8 n
0.0 O
i * .| light brown silty fine SAND, light, fluffy, dry
0.5_] %[ 1.6 wet
7 ey
1.0 ] 2R
Tz B2l e
1 1.6_[*x* x| brown grey fine sandy SILT, some clay and organic content ~—~ |
¥5_| x| greysiltyfineSAND, wet — T T T T T T T
daa bl ]
2.0 | P ~| grey medium to coarse SAND
4 [T T[EOBwashingin ~—~ T T T T T TTTTTTTTTTTTTT T
25 1
3.0_]
i
35 |
4.0 |
4.5 |
Blceoscvi

Sheet 1 of 1




Project: Rangitaiki River Stopbank Assessment Trest HA4E
Client: Environment Bay of Plenty El T
e o . evation: 4.6
h%c;ﬁgg?. Campbells Straight Date: 28/01/2010
: Logged by: M. O'Halloran
— (@)
El =S 2
= = o . £
o = = Description ©
) = a n
a L ©
0.0 O)
| * * «| brown SILT, some fine sand, damp
lao [ ol
0.5 | 4.1 [*x * x| brown grey SILT, damp .
i o x light brown SILT, minor sand, damp ~~
1.0 XX
N 2 Ve I

4.5

P e e o ————— ————— R ——

— e ————— e

| pumiceous SAND, fine lapilli to 3mm

e —— e —— — ——— e —— — ey —— ——— —— —— e — — ————————— ]

N VS S S P S —— —— —— —— — —— — —— o—

b ——— — —— -— —— ey ————

anded grey pumiceous gravelly coarse SANDand grey well graded |

EOBwashingin ~— T T

dis.

dis.

dis.

HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10
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Project: Rangitaiki River Stopbank Assessment
Client: Environment Bay of Plenty
Location:  Campbells Straight

Number:

Test: HA47

Elevation: 4.9
Date: 28/01/2010
Logged by: M. O'Halloran

o Depth (m)
Elev(m)
Graphic Log

Description

Sample

o
&

x x x x xk X, X.X.X

x]( X X X X Xf X X X X
olx o x o oxox ox I'x o x % %
I x o x o x ox o ox Ix oxooxex o

X

k

ik
o

X x
™,
XK

X
X =

—_
(6] ]

IIIIllllllJllIllllllllLlllll

N
o

N
o

- ———t—
oooooo
oooooo

w
(@)
©

» w

(@) (6)]
|
|
|
|
!
3
L
b
b

Lol ] l Ll I L 1 .}

|

"4 banded clean LAPILLIt0 3mm, orange medium SAND, coarse |
-| gravelly pumiceous SAND, pumice gravel to 4mm, some 20mm
.~.q bands fine sandy SILT

brown fine sandy SILT, dry

0.3 gritty Tarawera Ash
browngrey SICT, dry T T TTTTTTTo

| grey fine sandy SILT, moist

e e ——— ———

grey pumice LAPILLIto 3mm, ory ]
] = S s

-
[d))

N,

[{8lS GEO & CIVIL

Sheet 1 of 1




HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10

Project: Rangitaiki River Stopbank Assessment ek i
Client: Environment Bay of Plenty _—
Location: = Campbells Straight glaet\(/agtlon. 52; 101/2010 l
Number: Logged by: M. O'Halloran I
€ 8 ©
N — —l ey
s | E| . 4 |
aQ 2 £ Description 3
S| | g
0.0 O l
* < = x| brown fine sandy SILT, dry
Laz [oxlsl _________ ] I
0.5 _] X X | brown grey sandy SILT, dry, Toose
4.5 %% x _ e
1 [¥7 | light brown silty fine pumiceous SAND, very [ight, dry '
10] P Il
1.5 ] e
] -] light brown well graded pumiceous SAND and fine LAPILLI, minor
i silt, dry '
2.0 ]
loz fosmsy e
2.5 ] *7-. %[ grey with orange staining silty fine SAND, damp !
3.0 ] 2.1 Lt I l
[ grey fine to medium SAND
1.9
1 777 [Tlightorange grey mediumtocoarse SAND ] l
35 7 y i
1ass bl I —
+J33- === grey pumice LAPILLIto 3mm, wet = l
- EOB
4.0 ]
4.5 ']

="

[SSGEO&CivIL ]
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rangiaiki stopbanks Assessment, Otakiri Road to Kokohinau

Appendix E

Campbell’s Bend
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Stopbank Works Legend
Investigation Complete | Height (m) Moturiki Datum
o Be Investigated | 1.4--02 44-46
mmmm |nder Investigation ‘ | 02-0 46 -48
Works Complete 0-02 48 -5
Works in Progress 02-04 50-52
‘ 0.4-0.6 52-54
06-08 54-56
08-1 56-58
10-1.2 58 -6
12-14 60-6.2
14-16 62-64
16-18 6.4 -6.6
18-2 66-68
20-22 6.8 -7
B 2.20-24 70-7.2
B 24 -26 12-T4
I 26-28 74-76
B 2e-3 B 76-78
B 30-32 HEENTS-8
B 32-34 B B80-82
BN 34-36 EEES2-84
N i6-38 M S4-86
38-4 |GG -88
40-42 W 88-9
42-44

Ran itaiki R' Note: The DEM dataset is generated from LIDAR data captured in 2006.
The original LIDAR dataset has a verticle accuracy of 0.15m.
w. H . The DEM shown has a 2m cell size which as a consequence of some
G eotec h n l ca l Re med |a| Works 200 generalisation recuces the verticle accuracy to approximately 0.3m.
Environment Meters © Environment Bay of Plenty(the Bay of Plenty Regional Council) © Land Information New Zealand's
Bay of Plenty Digital Cadastral Database (DCBD), CROWN COPYRIGKTS RESERVED Digtal Licence No TLENVO1/01 ©
Campbells Corner Scale = 1:4,000 Sourcod from Land Information Now Zcaland Data, CROWN COPYRIGHTS RESERVED
REGIONAL COUNCIL

N

A

Map 3
¢2367_Rangitaiki
July 09




Campbell’s Bend



0

G o G N N O B G N = = R S B B G G = S e =
Project: Rangitiaki River Stopbanks
Client: EBoP .
Location: Campbell's Bend Subsurface Cross Section 1 (400m)
Number: 49A
0 5 10 15 20 25 30 35 40 45
8k 1 I | I I | 1 I | | g
7+ =17
6 s
2 1
EEL --—_-_------~"""‘“-._~_____,——-—"'_——-’T: __________ sit e —— 3 -
cs5 e x . - - -5
el . o
g xﬁ layered silt and silty fine sand o
| —— 3 e
- TTT T e e B -4
. .
E layered clayey silt and silt ]
3 e :=§ -3
15 I R
I K coarse sand and fine lapilli | 4

1 L I | | Lo

0 5 10
lce Geo & Civil

15

20 25 30 35 40 45
Distance (m) October 2009




Project:. Rangitiaki River Stopbanks
Client: EBoP .
Location: Campbell's Bend Subsurface Cross Section 2 (300m)
Number: 49A
-80 70 -60 -50 40 -30 -20 -10 0 10 20 30
| | 1 T | | | | | | | |
8 8
7 layered sand an nl
silty sand, fill
6 —6
5 4 -5
E |-
C Ix—
8 4k -4
T | R layered silt and clayey silt
o D -
o | P
e - 45
g it
- ——-— =S8~~~ ~ =~ Coarse sand Lfine lapilli
o} silt —2
1 —11
0 o
-1 -1
-2 | | ] ] | | l | | I | l -2
80 70 60 50 40 30 20 A0 0 10 20 30
Ice Geo & Civil Distance (m) October 2009
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Project: Rangitiaki River Stopbanks
Client: EBoP .
Location: Campbell's Bend Subsurface Cross Section 3 (250m)
Number: 49A
-?5 I -?5 l -7IS l -6|5 r -55 -45 -35 -25 -15 -5 5 15 25
sl 1 | | | | I | [ | [ | | ] I5BH1 | 1 g
x X
. . “X]
7+ 3<~__qu . 7
| \sandy silt
Xi
x.x?(_._
o ~—EH=T 1
= -
o
6 x)so_.
5 . %" [silt\fine to {5
e — e —— — — — s ——— _-5_—> .
— - Qrganiesilt e * Fjcoarke sand
—T e e ————— — «
4 7 - - E= = o —14
T - -7 K= _Cay ____ e == ?x‘fj% old Yoad,
E | EF-silt -7~ e st —*x—changoal
c 3 X - /// — Sl el ;_ -3
o -7 - — =3 a . X —
B | =TT T TE .___cn%rse sand clay and silt [
> | Bl--"" _ 7" 77 - [ _
u;o_j 2rpl =T 'ap”“____________________________—_—_—_—_—__—__—;—_—_-:,—_-_—_Sg;;d.—_—_.-_—_—_—_—_—_—_%::_- -2
1 — peat peat e ]
silt [ ______.
(0] o —-l'ap'lm——-T;i;: ------- 0
X
X
AL gravelly pumice silt | ex iy
S
,‘inx
AR,
2 e [0 R 12
fine sand |
) x-x _____ 43
X
: =
4 silt g 14
1_)(_
-5 ] | I | 1 ] | 1 | | | l | l ] 1 | ] | | | | I | l_1-5
-95 -85 -75 -65 -55 -45 -35 -25 -15 -5 5 15 25
lce Geo & Civil Distance (m) February 2010




Project: Rangitiaki River Stopbanks

Client: EBoP .

Location: Campbell's Bend Subsurface Cross Section 4 (200m)

Number: 49A

-90 80 -70 -60 50 -40 30 -20 10 0 10 20 30
sl | | { I I | I | | i 1 1 I s
7k silty fine sand 47
ok == s
silty fine sand

8- o 00— T -15

E|l—

[ X

L 4 e —H4

© e

> X~ ————————————————

@ - _ - _.swx =

o k T T T T T T T T T
3 S -3
T i Tapili____ +

~ peat
1 -1
o —0
AR —-1
-2 ] I | 1 | | i I | | 1 | 1 -2
-90 80 -70 -60 50 -40 -30 -20 -10 0 10 20 30
lce Geo & Civil Distance (m) October 2009




Project: Rangitiaki River Stopbanks
Client: EBoP
Location: Campbell's Bend

Subsurface Cross Section 5 (100m)

Number: 49A
60 -50 -40 30 -20 -10 Q 10 20 30 40 50 60
| | | | | | ] | | 1 | I |
sk —8
7+ —7
6+ —6
N 5 1 -5
E . .
c % silt silty fine sand [*.
je] 41 x—x X —H4
2 =
g R
2 i~
w X ,
3 N clayey silt 4
X
- X.PY ———————————————————————————————————————————————————————————————
e silt ____
b d T T T T e e e e e _ T T T T T T T T T T T T T T e e
- T T T T T T T T e e e e e silty sand__ 12
fine sand
1 coarse sand 11
peat
o —o
A -1
-2 ] | | l | | | | 1 | 1 | | -2
-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60
lce Geo & Civil Distance (m) October 2009




™

ye. Bore Hole Log Borehole: BH1
' e Location: Campbell's Bend
Project: Co-ordinates: East 13 North 0
Client: EBoP Elevation: 7.6 Datum:
Els|El 2|3 £l <
AL description 512133
§ % 3 8 g g Ea E % 5
'0 00 o o | O - 3 3 7] S s
: x fine sandy SILT, brown and grey, fill
l x :
0.50 ]
100 <
639 kCy L ]
e, =] silty fine SAND, brown / grey, dense, stiff
1.50| 6.10 e
2.0Q
I | 5.30
2.501.5.10
3.00/ 4.60
3.50
3.90
%8 fkry nfine GRAVEL washedout, oldroad? 1
'4,00 é_"# fine sandy SILT with charcoal, black and brown
1348 Ped b e
;7_: clayey SILT with fine organic fibres, grey with orange staining,
|4'50 ;;_) firm
X I .
;T_ clayey SILT with organic fibres and rotten timber, brown and
soof 26 X4 | Qeengrey
%9 E={ fPumiceous SILT, light grey brown, sensitive ____________ 7
22 CLAY, very plastic, green grey, firm
ssol21d [ 5.2m 20mm lapilli rich layer some charcoal fragments
R BE] pfinetomediumSAND —__~ T T TS
l ‘L0 \ fibrous PEAT (like particle board), black __ _____________ ]
6.0Q]_1.60 ‘ETEe_r ____________________________________ I,,
o |1 [\imberpushedthrough /
| & | [eer—orlepEmesooad) back e ﬁ
esd | [*73 [\siltyfine SAND, grey, dense __ /
' Observations:
Date started:
Vane no. Rig: Date finished:
Core Dia. Contractor: Logged by: M. O'Halloran



ye. ™ Bore Hole Log Borehole: BH1
e Location: Campbell's Bend
Project: Co-ordinates: East 13 North 0
Client: EBoP Elevation: 7.6 Datum:
Tl c § l
- | = = ol 8 € a
El§|Z|e| @ . gl ¢ -
s|8|8|els description 518033
Sls|g|g|8 ele]|c|e g'
6.501 o o | O . ' . & & 7] > 3
nog -y fibrous PEAT (like particle board), black I
08 Ry fsomepocketssiyfinesand )
260 J [pumiceous SILT with some pumice to 60mm, grey
Cjesd g [pumice LAPILLIto2mm i
| fine gravelly pumice SAND and lapilli to 3mm, rare to 10mm, ,'
01§  fei ‘LS_O_”‘_e_EhE‘FSE'I@QTE”_tS_ Y o e e i !
"1 [>] [\eumice LAPILLI, 1to 10mm, some siltand charcoal /
] pumiceous gravelly sandy SILT, pumice to 40mm, stiff
8.0Q) :"":
;".:', hard drilling
x. 3 charcoal to 30mm
> .4 | say 50% lapilli / 50% fines i
8
9.0 :qX':
e WY b .
i : x | pumiceous SILT, extremely sensitive, grey
95010 P4 | silty fine LAPILLI to 2mm, some charcoal, grey |
% E=1  WSILT, exiremely sensfive, white / i
i fine SAND, some silt, green grey
10.00) : '
R P I e I l
: x | SILT green grey, firm
11.0Q i : 1 '
_.3_Q X..:(_.} __________________________________________
;T i clayey SILT, green grey, firm
11.50 ;E‘i
ood4ad =] L__ -
EOB
12.50)
13.008
Observations:
Date started:
Vane no. Rig: Date finished:
Core Dia. Contractor: Logged by: M. O'Halloran
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Project: Rangitiaki River Stopbanks
Client: EBoP
Location: Campbell's Bend

Number: 49A

Test: 1

Elevation: 5.5
Date: 20/10/2009
Logged by: M. O'Halloran

— o
Elz]| S N
|3 %) Description s
a L ® n
0.0 O]
j * « ¥ x| brown organic SILT
] ot x
152 [xZx) ____ __ __________ s e S5, e o e )
i x " x| brown silty fine to medium SAND, damp
0.5 X%
lag o) e
i x| brown silty fine SAND, dense, damp
L N s
i x| brown silty fine SAND /'sandy SILT, dense, damp
la foed| ]
| x~. -*['light brown 7 grey silty fine pumiceous SAND, damp
1.5 SRR
T S
] * <« * x| orange stained grey SILT, moist
2.0 .
lsa [x2xl ____________ e
| 8.1_[E — -] orange stained grey CLAY, plastic, moist N
2.5 _| * x * x| orange stained grey SILT, moist — T T T T T T
29 [xZxl ______ _________ e e, e i
v | 28 F—_—] orange stained light grey CLAY, plastic, moist .
1 27 |x__ x| light grey silty fine pumiceous SAND, moist ——~~~~~~~~~~~ D
128 - _] grey medium to coarse SAND, wet """ 7T o
3.0_] grey coarse SAND7fine fapillito TBmm ~~~~~~~~~~~~ """~
e
85 | EOB washing in
4.0 ]
4.5 ]

e "

[@3 GEO & CIVIL

Sheet 1 of 1




HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10

Project: Rangitiaki River Stopbanks Test 2
Client: EBoP e
Location: Campbell's Bend gﬁ\ft'on' %g“ 0/2009 I
Number: 484 Logged by: M. O'Halloran l
E S ©
s & g1
a S = Description 3
8| W | &
0.0 O] I
i * < % x| brown fine sandy SILT
Isa Powksl
1 x x| brown silty fine SAND !
0.5_] %L
I o
| * %[ brown fine sandy SILT, damp l
46 [[xZx| o
1T~ "7 x| light brown silty fine SAND, damp
10 Laa by ol i
| < % x| brown fine sandy SILT, damp
42 [ x x
1T ~[x7. ¥ orange stained grey silty fine SAND, moist —~ | I
A e gl e ——————————————
1.5 _:§§§i§:§§—qrange stained grey clayey SILT, moist T s
i x”.x | orange stained grey finesandy SILT, moist ~—~ l
20 X I
38 ko2l e ——————— e e e
1 5 x PXQX pinkish light grey with orange staining pumiceous SILT, damp, firm
1 [efld .
43 _ o Xl e e o S S S S P A —
2.5 T 2.9 [*- X[ light grey silty fine pumiceous SAND ]
i " x . x light grey fine sandy SILT, dilatant, wet '
1 b
307 [t il
Y 123 > >\ _ _ __ e — AR ——— ——— — ———— — — ]
[ 22" | Trey [ grey clean medium to coarse pumiceous SAND |
] b .°°,| grey clean pumice Tapilli 1 fo 3mm !
419 o o o
T e S I =0 | = 71 T T I
40 ] I
4.5
[83GEO& CIVIL |
A dhion o ICE CONSTRUCTION U Sheet 1 of 1
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Project: Rangitiaki River Stopbanks besk 3
Client: EBoP .
Location: Campbell's Bend Eﬁ\gfulon' 623 /10/2009
Number:  49A Logged by: M. O'Halloran
=} S )
- = - e
= \S/ y Description g-
o £ ©
g|lad| § ®
0.0 O
i R brown silty fine SAND, some fine Tapilli to 2mm, dense, damp
] :" : 0.6m some rounded hard gravel to 5mm
0.5 ] S
] X[ brown silty well graded SAND and somefine gravel, damp ~ |
1.0
] [ brown fine to medium SAND, some silt, damp ~—~ ]
; | grey silty fine SAND /' sandy SILT, dense, damp ]
15  grey fine sandy SILT, dense, damp ~ T 7777
1. 7] - _._5r6v_vﬁ silty fine SAND, dense, damp ~ T 77 ]
4 7] T [EOBTockT T T T T T T T T T T T T T T T T T T T T
2.0 _]
2.5 |
3.0 ]
3.5 ]
4.0 ]
4.5 ]
/“hu
(S2GEO&CIVIL |
K il CE CONSTRICION 1 Sheet 1 of 1




Project: Rangitiaki River Stopbanks Test: 4

Client: EBoP
Location: Campbell's Bend
Number:  49A

Elevation: 4.6
Date: 20/10/2009
Logged by: M. O'Halloran

Description

o Depth (m)
Elev(m)
Graphic Log

o
&)

L1 1 1 I 1 1 1 1

N
o

N
o

brown organic SILT, damp, firm

< x x
>

Ix pC x

| x x x

Ix x x

b — ——— —— —— e —— — o c— o — — —— — —— —————————— —— ——— — )

Xl X1 X

2| %]
xlxlx
X X %]

b e e ———— —— ——— ———————— —— ————— —————— —— — —

XTX|
x |x|

QY
«Q
=
D
<
T
c
3
(2]
®
(o}
(=
(7))
(72
F'
=
(7))
o
3
(0]
o
o
-
3
)
(]
&
(7))
O
=

’b‘
0.
[€)

|

= e e —— — — — — —— ————————— —— — ————————————————— — —

=

W

D
A
oo,

1 1 I 1 | L1 | 1 1 1 1
.o O
[©)] &)

= 3
(63}

Sample
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Project: Rangitiaki River Stopbanks Test: 5

Client: EBoP
Location: Campbell's Bend
Number:  49A

Elevation: 7.6
Date: 16/10/2009
Logged by: M. O'Halloran

N
o

N
&)

©
o

o
&)

o
o

B
o

E g
Naw = -l
s| S| Descripti
5 | 3 < escription
Q| 0| @
0 O
| x .- x| brown silty fine SAND, dense, damp
o I A S S
] < <~ x| brown grey silty fine SAND / sandy SILT, dense, damp
= x %
]
T e
1 5.9_} 75 | brown grey medium {o coarse pumiceous SAND .
i * . *| brown silty fine SAND, dense, damp =~~~ " T
1865 [l ____ I
——6_6/--"37:—"5: rown silty gravelly medium to coarse SAND, rounded hard gravel 1o, -
. '+ | 8mm dense, d@amp 1
1 53 |+ -4 brown gravelly medium to coarse SAND, rounded hard gravelto
T~ ~ [~ x[6mm dense, damp Fd
N .. 0| brown silty fine to medium SAND, dense, damp ~
lao ool N
i x - x| brown silty fine SAND /fine sandy SILT, dense, damp
AT Wer el ]
1 % = [brown fine sandy SILT, dense, damp
i ’;xz x| 3.5m moist
T O |
1 3.7 _[*_. x| orange stained grey silty fine SAND, moist, dense ]
_ "< ~x| orange stained grey clayey SILT, moist """
P e
I =

Tel3 GEO & CIVIL
Sheet 1 of 1
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HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10

Project: Rangitiaki River Stopbanks

Test: 6

Client: EBoP —
Location: Campbell's Bend [E)Ietva_tlon. 428 /10/2009
Number:  49A ate. ,
Logged by: M. O'Halloran
— (o))
E = | = ]
= | = | 2 Description S
AN " ¢
0.0 0]
| * « * x| brown organic SILT, damp, firm
145 ;:;_5 | 0.2 gritty Tarawera Ash o
0.5 1.435 B.X7x| orange stained grey pumiceous SILT, damp, fim ___~~ "~ " |
T 43 F=3-tQreyclayey SILT, moist B
- T+42-=2=2+greyfinesandy SILT, moist """ 777 7
= = — 1 brown grey CLAY with organic content, soft, plastic, damp ~
189 A9
1.0 | [F< X orange stained grey clayey SILT, moist™
87 P=_&l _ _ _ _ _ o _ o _____
1 y x o« | Orange stained grey pumiceous SILT, wet
i & 9
1.5 7 s o
T 82 1975
i D - —="1 greenish grey CLAY with organic content, wet, soft —
20 28 o d __________ e
1. DPO light grey coarse SAND, fine Tapilli fo 1.5mm
T8 [ory greysiltyfineSAND__— """
1 24 Pa®%] | umice CAPILLIto 4mm ~~ T T T TTTTTTTTT o
2.5 _] OBsandwashingin= T T T T T T T T T T T TTTT
3.0 ]
35 ]
4.0 ]
45 7]

="

[l GEO & CIVIL

Sheet 1 of 1




Project: Rangitiaki River Stopbanks Test: 7

Client: EBoP
Location: Campbell's Bend
Number:  49A

Elevation: 3.6
Date: 28/10/2009
Logged by: M. O'Halloran

E S ©
| g =2 y=1
2] | 2 Description =
ol & = T
a w § n
0.0 Q)
i * « * x| brown organic SILT, some clay, damp
i W
| 88 [ x| ______ ___ ________ e e e s e A e
i =¥ 51 orange stained grey clayey SILT, damp
0.5 el
« 1 [
o les [>rMd o ]
i < % x| orange stained grey SILT
1.0 296 x* s
|~ T E== orange stained grey CLAY, some organic material, plastic |
424 == ]
i D x % light grey brown pumiceous SILT™
15 e 20l ]
| < > <] green grey clayey SILT, some organic material, plastic
e
2.0 ] .
2.5
3.0 ]
35 ]
4.0 ]
4.5 7]

/1“.“
Tel3 GEO & CIVIL
S . Sheet 1 of 1
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HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10

Project: Rangitiaki River Stopbanks
Client: EBoP
Location: Campbell's Bend

Number: 49A

Test: 8

Elevation: 6.5
Date: 16/10/2009
Logged by: M. O'Halloran

— (@)}
= -~ Qo L
N J
= | E| 2 - £
o > £ Description o
a w © n
0.0 O}
i * x| brown silty fine SAND, dense, damp
lea ol
1 6.1_ [~ grey brown medium to coarse SAND, some fine sand and silt .
0.5 ] -« | layers grey brown silty fine SAND and grey brown medium to coarse
i .. x| SAND, some fine sand and silt, dense, damp, bands approx 100mm
_ x.:x.:.x' thick
10 " < x " 0.9m rare rounded hard gravel to 6mm
Is2 Lol
| 51_[ x* x| brown fine sandy SILT, firm , moist _
1.8 ] * .| brown silty fine SAND; rare hard angular gravel to 30mm, firm, moist
Tas o<l __ .
] *7-. %[ orange stained grey silty fine SAND, damp, dense
20 1as x| _________ -
_ << % x| dark brown fine sandy SILT, damp, dense
. x :x :
2.5____4;_:_;(':1 ________ o e
1 x" x| brown silty fine SAND / sandy SILT, damp, dense
88 ker a1
1 X orange stained grey SILT, some clay, damp, dense
30 85 fuial
| <~ X <] orange stained grey clayey SILT, firm, plastic, damp
51 3 [ o ____
i <. %[ orange stained grey SILT, moist
loe ['xXxl ______ o __
4.0 ] << ¥ 5| orange stained grey clayey SILT, some fine roots, firm, plastic, moist
1l 22 ::T:
F21sE===Igrange stained light pinkish grey pum SILT, sensitive, dilatant, firm ~ 3
45 | =@ ] > 25

SR TS IR TR e = s SR oEm

h

",

{®3 GEO & CIVIL

Sheet 1 of 1




Project: Rangitiaki River Stopbanks Test: 9

Client: EBoP
Location: Campbell's Bend
Number:  49A

Elevation: 4.6
Date: 28/10/2009
Logged by: M. O'Halloran

Description

o Depth (m)
Elev(m)

N
o

N
o

w
o

brown organic SILT, some clay, damp

* .| Graphic Log

-
63}

i “w* x| 0.25 gritty Tarawera Ash
4.8 | x _ x|
____ <. %« | orange stained grey SILT, damp
1 = ]
] < X x| orange stained grey clayey SILT, some organics, damp
88 [x-x _ _ _ _ _ _ _ ___ _ __ .o ]
1 3.7 Fx % x| orange stained grey SILT, damp .
_ “~< X x| orange stained grey clayey SILT, some organics, damp
385 [x_x __ ___________ e
1 % X x| orange stained grey SILT, damp
B < X T Y I
| ——— 1 orange stained grey CLAY with organic material, soft
= 4
las /23 ]
} ——— 1 green grey CLAY with organic material, soft
EiTX
-1 S
] D xpx light grey brown pumiceous SILT™
123 [ex @ __ . ____ ]
e { grey brown silty fine to coarse SAND and fine lapiTli
I 5
6 oo, finelapilli 7
g Pl
. Y2 Y dark brown fibrous PEAT
C Y TEOBTesingsample” T T T T T T T T T T T T T T T T T T T T T T T

Sample

= oEm e P o e e EE BN
- . ... NN % -E& == - - -

0
(&)

IlllllllllllllllllLJll

g
o

g
o

™

{813 GEO & CIVIL
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Project: Rangitiaki River Stopbanks Test: 10
Client: EBoP -
Location: Campbell's Bend II:E)laet\égtlon. 41,2/1 015000

Number:  49A Logged by: M. O'Halloran

HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10

=4 & ©
21 5| £ Description &
Q. D
a L 8 N
0 O}
J x - x| brown silty fine SAND, dry
44 Lol BN pCF Seemeeee eee etem eter eranr e
ik * =~ [brown finé sandy SILT / silty fine SAND, damp
051 ,, * x”* x| 0.3 minor rounded hard gravel to 5mm
4 ‘i’:? "orange stained grey silty fine SAND, damp, dense ]
‘ez bl
1.0 ] x . «| orange stained grey SILT, some clay, damp, dense
1 “ x * x| 1.1 moist
1 e
1.5 ] o
J X x X x
1oz L=l ___ ]
2.0 ] o5 << < <1 orange stained grey clayey SILT, plastic, firm, moist
g gfg'Gréﬁge_ﬁﬁ ned light pinkish grey pumiceous SILT, sensitive, dilatant, |
¥ "oF g firm
122 pXe| .
25 1 24 | x kecominggrey /
T~ ?_'.x"“.? grey silty fine SAND, wet 1
1 1.9l | orange grey silty medium to coarse SAND and fine Tapilli to Tmm, |
- -1 Yense /
3.0 - -1 grey fine SAND, dense -
Jaz B e S
3.5 | 1.1 E——] brown organic CLAY, soft, plastic _
I 6es b 5 light grey medium pumiceous SAND ~ 7
I :)_8_ b ney | lght grey coarse pumiceous SAND ~—~~
T 0.7_[EZ X { PEAT, organic clay, some fibrous plant matenal, roots and timber ]
4.0 _] B EOBwashingin ~ T TTTTTTTTTTTTTTT
4.5 ]
BZcoscvii

Sheet 1 of 1
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Test: 11

Project: Rangitiaki River Stopbanks

Client: EBoP
Location: Campbell's Bend

Number: 49A

Elevation: 4.6
Date: 28/10/2009
Logged by: M. O'Halloran

& S ®
S| g =2 =
2| 3| 2 Description 5
. D
a w 3 n
0.0 2]
i * « ¥ x| brown organic SILT, some clay, thick Tarawera Ash at base, all
1 “w " x| ploughed up
48 _ | x_ x|
1T 7] . % «| orange stained grey SILT, trace fine sand, damp
0.5 e X X X
4 i X x x
T < X <] brown clayey SILT, damp, plastic ~— T T T T
vy |88 x>« __ .
X X | grey SILT™ !
1086 [x>xl _ __ _ _ __ _ _ __ . ]
i ¥~ X <] orange stained grey CLAY, soft
- 70 il
15 _] ¥~ X x| orange stained grey clayey SILT
oz [oZW ]
2.0 ] D x % light brown grey pumiceous SILT
. L
424 Nxex! ]
1 23 [* .- *| grey silty fine SAND 1
25 P 0.°%| fineTapilli in silt mafrix?? T TTTTTTTTTTT
; 5 IR ™ L e
t—zn&-f’zi’i—rgrey silty fine SAND/ sandy SILT with organic material pu
i EOBwashingin T T T T TTTTTTTTTTTTTTTT
3.0 ]
35
4.0 ]
45 7
i
™
(82 GEO&CiVIL |
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Project:
Client:
Location:

Number: 49A

Rangitiaki River Stopbanks
EBoP
Campbell's Bend

Elevation: 5.4
Date: 18/03/2010
Logged by: M. O'Halloran

HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10

— ()]
El =3 2
£ 3|2 Descripti 5
o = escription I
S|la| 8§ ®
0.0 0]
i “« = x| SILT, trace fine sand, dry, brown
J " x - x| 0.15 some coarse balck sand, Tararwera Ash
1 s [ s
0.5 1 =~ ¥ #[ silty fine SAND, Tight fluffy, ight brown/grey — ~—~~~~
: o
1.0 7 s
| aw For
:' T TR X [ SICY, grey wiith orange motfles, damp ~—
15] ==
laz Lxix e
i B silty fine SAND, grey
2.0 ] BN
25 ER
| R
30 1 24 [ e e
] %[ silty fine to medium SAND dense, moist, grey
3571 19 bl e
i T~ “'medium SAND, grey with orange staining
U IETS e e e
1 finé fo coarse SAND7 fine LAPILLI grey, some bands fine Tapilli fo
| 1mm, wet
4.5 ] e e
 EOB washing in, black PEAT?_
a3 GEO & CIVIL
i £ COMETRUTION 0 Sheet 1 of 1
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Rangitaiki Stopbanks Assessment, Otakiri Road to Kokohinau

Appendix F
Campbell’s Dip
Ice Geo & Civil July 2010
draft



Campbell’s Dip Hand Augers



Project: Rangitaiki River
Client: EBoP .
Location: Campbell's Dip Subsurface Cross Section 2
Number:
10 0 10 20 30 40 50 60 70 80 90
L | | | | | 1 1 | I 1
o} -19
8l —8
L 7
6
\\\\ X
/E\ \‘%\\\\
\C/ 5+ x \\\\\\\s 5 —5
8 « - | silty fine sand T~ e
S| e _____C =Y
O 4 _— *— —H4
L el . <
Sand--TToRSl o clayey silt o
3 siltysand [~ TTTe——l 3 L 4
_______ o f— ——— *—x-
E \\\\\is'.
silt = x
- - —m———— £ i - Gty T
coarse sand sityfinesand " | -7 -
Lo T 2 ] coarse sand 4,
7\
o -0
b -1
-2 | 1 | ] ] | ] | ] ] | -2
10 0 10 20 30 a0 50 60 70 80 90
lce Geo & Civil Distance (m) February 2010
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Project: Rangitaiki River Fesk L
Client: EBoP .
Location: Campbell's Dip [E)I;et\égtlon. 41';/03/2010
Number: Logged by: M. O'Halloran
— o
= o) )
- = - e
5 § = Description g-
Q. o ©
S|l m| & ®
0.0 O]
i * . *| silty fine SAND, brown, dry
les [l ]
1 387 _[Fx* <[ fine sandy SILT, brown, dry .
0.5 ] * .| silty fine SAND, grey with orange staining, damp, dense ™~~~
3. Ik ol
T~ ~Fx%[ fine sandy SILT, grey with orangeé staining,damp
1.0 T
X )
| *7.-¥| silty fine SAND, grey with orange staining, damp
1.5 ] e
los P Xl __ N
} 2 fibrous homogeneous PEAT, dark brown, moist
2.0 b o g
119 L an o4

. -
e ~
R by

4.0 |
4.5 —
N,
|CE
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HAND AUGER BORE LOGS.GPJ HAND AUGER BASIC.GDT 27/7/10

Project: Rangitaiki River

Client: EBoP

Location:  Campbell's Dip

Number:

Test: 2

Elevation: 5.1
Date: 19/03/2010
Logged by: M. O'Halloran

o Depth (m)
Elev(m)
Graphic Log

Description

Sample

X x| x x x x x x x X
hoxoxoxk o x o x o x x x x x X
xdxe xox ol x ox x o x o x o x x x

|

]

FN

leo

|
'XXX&XXXXXXXX

|
|
|
|
|
|
I'x
|

vy

11 l |
X
X

NN

1, \/, A
J\/\/

SILT, brown, dry
0.3 some Tarawera Ash

0.7 rare hard rounded gravel to 10mm

—— —————————————— — — — —— —— — — — — — — o—

—— — —— g — — ————— —— o — — —— — —— e ———— ]

—— i — . —— g —— ——————————————— — — o ]

5 T T
4.0_J- : %o X" 4 pumiceous SILT with angular pumice gravel, grey, stiff
_____ x _x e e e s e g

£ N,

[®3 GEO & CIVIL
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Project: Rangitaiki River WREE: 3
Client: EBoP .
Location: Campbell's Dip Elaet\ée_ltlon. 31'3/03/2010
Number: Logged by: M. O'Halloran
— (@)
= — o )
-~ -
s % = Description g-
o D W ©
a L 8 N
0.0 (O]
] * « * x| SILT, brown, dry
1 Exta
05 |83 [xoxl . __ ]
| I"’__:x' ’X silty fine SAND, brown, dry
1.0 ] SRR
51 [ar

N Rae
T~ T TTTEOBWashingin ~ T T T T T T T TT T T T T

N,

[@3 GEO & CIVIL
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Project: Rangitaiki River
Client: EBoP

Location: Campbell's Dip
Number:

Test: 4

Elevation: 8.0
Date: 19/03/2010
Logged by: M. O'Halloran

I

£ 2 N
|| 7 =
£ = ke) I =
aQ 9 = Description T
() — o %)
o || @
0.0 O
K *« * x| SILT, brown
A
| x| silty fine to medium SAND, brown
05 Xk
i SENEs
i x .. %
. - : .X .
- x .. %
X

I O O
x| silty fine to medium SAND, brown
1.5 ] o
i Tl
. o
i B
20 X
_ LN
i R
2.5 ] il
_ SERIRY
- Tk
i 0
3.0 XX
b . .X .
i o
35 las |-l o ]
J an x X < 'SILT, brown, damp
I——1——" N =(©] > 5
4.0 ]
45 7
TS GEO&CIVIL |

Sheet 1 of 1
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Project: Rangitaiki River st 2
Client: EBoP .
Location: Campbell's Dip g‘;g‘i‘“"”- 41'8/03/2010
Number: Logged by: M. O'Halloran
€ S ®
- = - e
- ‘E’ = Description 8‘
o > < 1Pt 3]
a w 8 n
0.0 O
] *« * x| SILT, brown, dry
057 ag [x x| __ _ o .
1 > °,°%| silty fine GRAVEL / coarse SAND, black, Tarawera Ash
| 41 _DBe’o®sl _ _ _ o __
i < * <1 fine clayey SILT, grey with orange staining, moist
10] [F=x"r
T XTTX“
g =&
15 ] * x X
2.0 ] e e
Taw el .
25 | * - x| fine sandy SILT, grey with orange staining, moist
lao peoo o _____
3.0 ] x| silty fine SAND, grey, moist
las P o _____
b oe < * <1 clayey SILCT, some organic material, brown
35 35 I~ silty fine SAND, gréy, moist
- , o, o] fibrous homogeneous PEAT, darkbrown T
: I\_I/\ IM\ I\
40 | o8 |sewed ]
E EOCB
4.5 ]

i,

[el3 GEO & CIVIL
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Project: Rangitaiki River et 6
Client: EBoP .
Location: = Campbell's Dip glaet\égtlon. 618 103/2010
Number: Logged by: M. O'Halloran
B & @
~ — - | -
s | E| < N 2
Q % < Description ©
a w © n
0.0 )
| *« X «| SILT, brown, dry
056 185 [xox
i *7.¥| silty fine SAND, Tight brown, dry
1.0 ] SR
1.5 ] N
lao [0l o ]
j X | SILT, light grey with brown staining
2.0 4 Px*x
T T =X clayey SILCT; Tight grey with brown staining, plastic, moist ~ |
1 [~
2.5 ] [
| 34 XX __ e e e e
| 383 |:%T] fine to medium SAND, Tight grey ]
i x| silty fine to medium SAND, light grey, moist —
307 Xl
losg oo o ]
) < % | SILT, some organic content, grey
26 [ x " x ]
35 | 25 [x*x|clayeySICT greengrey ——————— —— ]
1 24 %X 5] pumicéous clayey SILT; light creamy grey, moist gl
128 ; x ; x| pumiceous SILT, light creamy grey, moist — e
J - x x| clayey SILT, green grey, plastic, moist
21 [ x_ x|
%O T [ |coarse SAND, grey speckled, wet ~— |
1.9
1T 7 T~ TEOB,washingin T T T T T T TTTTTTTT T
4.5 7

HAND AUGER BORE LOGS.GPJ HAND AUGER BASIC.GDT 27/7/10

/N,

[@13 GEO & CIVIL
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Project: Rangitaiki River Tesk ¥
Client: EBoP .
Location:  Campbell's Dip Sl SO
Number: Logged by: M. O'Halloran
— (@)}
E 3 S o
= — ) L £
o o < Description ©
a L ® N
0.0 0}
| *« * x| SILT, brown, dense, dry
05 )85 Lx x| ]
1 “« * «| SILT, grey with iron staining, dense, dry
T 0
1.6 ] *".¥| silty fine SAND, grey with orange staining, damp
les o) ]
i * < % x| fine sandy SILT, brown, damp
loa fegel o _ ]
i x| silty fine SAND, grey, moist
2.0_] ¥ 5, %
2.5 ] iy
I S
] < = x| clayey SILT, some organic material, brown, moist
0 _| 1 _[xZs ____ O
-] - .| coarse SAND and fine LAPILLTto Tmm, some silt and timber, grey
i speckled, wet
1065 |- FEOB WASRIRG = —————————————————————————————
35 7 OB washing in
4.0
45

ye.

[@3 GEO & CIVIL
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Project: Rangitaiki River Test: 8

Client: EBoP -

Location: Campbell's Dip [E)Iaet\égtlon. 51_;/03/2010
Number: .

Logged by: M. O'Halloran

El | 2 @
- = - Q
gl 3|2 Description 5
Q. D
a w 8 0
0.0 O
j *« * x| SILT, some Tarawera Ash grit, dry
057 52 [x x| _____ .
i x| silty fine SAND, light brown, dry

X
®" K

—
o
1 1
xR TR KT
- AP ST T

—_
()]
o
N
X

|
X X X X A

—— ——— — ——— e =y —— —— — — —— —— ———— — — — ——— —— —

N

o

w

\'
1x|><|lxxxxx|

EOG N 3

2.5 ]

loo bl o~
< * <1 clayey SILT, some organic content, grey, plastic, organic smell,

30_| 27 [=xZsxmoist
| 26_[xZx] pumiceous clayey SILT, lightcreamygrey o
i " x x| SILT, some clay, blue grey, moist

. SR - 3 | S — T —

S "~ 7| coarse SAND, grey speckled, wet

3.5

T " " TEOB,washingin T T

"

Tel3 GEO & CIVIL
oot T THRMINO (D Sheet 1 of 1

L
|
leo
I
|
i
1
{
X
|
@)
=]
<|
=}
|
ol
3
Q)
5
3,
(2]
D
2
[s
—
Sl
=)
Q|
o|
<)
=
=4
20
|
|
|
|
|
|
[
|
|
|
|
|
|
|
|
|
|
|
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Rangitaiki Stopbanks Assessment, Otakiri Road to Kokohinau

Appendix G

Kokohinau Bend

Ice Geo & Civil

July 2010
draft



So,

(Rock Repair)

Stopbank Works

Investigation Complete
To Be Investigated
Under Investigation
Works Complete
Works in Progress

153a - Kokohinau Bend, |

-1.4=02
0.2-0
0-02
0.2-0.4
0.4-06
06-08
0.8 -1
10-1.2
12-14
14-16
16-18
18-2
20-22
2.20 -2.4

B 24-26

B 26-28

28 -3

B 30-32

B c2-34

B 3.4-36
3.6-3.8
3.8-4
40-42
42-44

Legend
Height (m) Moturiki Datum

44-46
46-438
48-5
50-5.2
52-5.4
54-56
56-58
58 -6
6.0-6.2
6.2-6.4
6.4-6.6
6.6 -6.8
68-7
7.0 <7.2
72-74
74-76
B 76-78
B 78-8
B 8.0 -8.2
N 8.2 -8.4
B 5.4 -86
B 86 -88
B 88 -9

@ Rangitaiki River

a2 | Geotechnical Remedial Works

Environment
Bay of Plenty

REGIONAL COUNCIL

Kokohinau

Meters
Scale = 1:4,000

Note: The DEM dataset is generated from LIDAR data captured in 2006.
The original LIDAR dataset has a verticle accuracy of 0.15m.
The DEM shown has a 2m cell size which as a consequence of some
generalisation reduces the verticle accuracy to approximately 0.3m.
© Environment Bay of Plenty(the Bay of Plenty Regional Council) € Land Information New Zealand's Map 2
Digital Cadastral Database (DCBD), CROWN COPYRIGHTS RESERVED Digital Licence No TLENV01/01 @ P a
Sourcod from Land Information Now Zcaland Data, CROWN COPYRIGHTS RESERVED 02353.?333 itaiki
uly
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Project: Rangitaiki River
lient: E i
e oo Subsurface Cross Section 1
Number:
0 10 20 30 40 50 60 70 80 90 100 110 120 130 14 p440 150 160
ok | 1 | | | L 1 I l I | I I I n LD 1 9
8- silty fine sand / |- 8
7+ x 7
6_HA2 / _____ :::::QE:__.::::%-; —6
< TS e silty fine sangi- |
S siit._ et %] -5
T | silty fine sand
Dl e S I | | S 14
c il
2 | El-oooo% et
C 3-fef ————————-fmeto medium sand 13
@ , o peat
w e —
o= sift 71?
1+ 1
ok —10
Ak 4
-2f- —-2
3k —-3
-4 —-4
-5 | 1 ] ] 1 | | l | { | | ] | | l l -5
0 10 20 30 40 50 60 70 80 90 100 T10 120 130 140 150 760
Ice Geo & Civil Distance (m) February 2010




Project: Rangitaiki River

Client: EBoP .
Location: Kokohinau Subsurface Cross Section 2
Number:
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
I | | | | | I | l I 1 ! | | 1 1 |
or -9
8- —8
71 -7
6 - - -16
17V e
STFd st 7T T T T T T
T ] silty fine sand____ —————-—"Tlayey sit - —————"""""
= 4. T T T e T, T —4
§ | P TTo————T T st e
= [ organic cla
% ] o == ==========medam~rto-coarse-sand-—————g—————Z —————————————————— 718
u__l ly A peat
7 —— )Y 2
- silt
T -1
ol -0
A -1
21 —-2
-3f- —-3
-4 —-4
-5 I | 1 ] I | | | I | [ I l | I l 1 -5
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Ice Geo & Civil Distance (m) February 2010
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Project: Rangitaiki River
Client: EBoP .
Location: Kokohinau Subsurface Cross Section 3
Number:
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
oF | | 1 1 | T 1 T 1 | | 1 | | | | ™ 1o
BH1
sk —8
silty fine sand
7 -{7
6FHAS 16
% ____>sit__
e i -5
A S silty fine sand
P o Rttt | e e T
e I S et C T arganicclay T T T T T T o——==SZZIDooooooooMANE
| L B e o LS e 4s
°o Ly TTTTm= medium_to coarse Sahd™ ~~ T T T T mmm e T T T
ooy T e T
o ———— peat T 4
1+ pumiceous gravelly sitt T TTTm—————e - —1
ok —0
Xo
X
b —-1
xox
2 . -2
i
=
4 -4
-5 | | | | I | | | | l 1 I ] | | I | -
0] 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Ice Geo & Civil Distance (m) February 2010
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Project: Rangitaiki River
lient: EBoP .
e Keorinau Subsurface Cross Section 4
Number:
0 20 40 60 80 100 120 140 160 180
ol I I 1 1 I | I I [ | I [ 1 1 I L | [ I 9
8k —18
Un 7
HA7
S sit e T
EJLFT T silty fine sand 4
I5 S e e e e
® g clayey silt 45
R [ e St T T T T T T oo ———————o
i B et mediumId CaarsE S - - - - ------------
e __ _peat T 42
pumiceous gravelly silt
1 1
Un -0
A ~-1
-2 -2
-3~ -3
-4 —-4
-5 I 1 | | 1 ] | | | | 1 | | | | ] | ] | ] -5
0 20 40 60 80 100 120 140 160 180
Ice Geo & Civil Distance (m) February 2010




Project: Rangitaiki River
Client: EBoP .
Location: Kokohinau Subsurface Cross Section 5
Number:
0 20 40 60 80 100 120 140 160 180
ol | | | I l | | I 1 1 | | 1 1 | | { I 1 o
;| . -8
Un -7
HAS8
6 . 16
7 . A
5, sit T T :x': T
ST clayeysit —  --ooordmesaadlo o i o = 1,
6 | P --CCTCTTTTTTTT siiyfinesand [sandysilt o ———— o
§ 31— organicclay e e H 45
L e e silt .
T I I ‘medium focoarsesand -2 T T TSI TCCIIITIISfIIIIIIIIIIIII
2|~ 2
h‘ peat
1 —11
o -10
1T -1
2 -2
3 —-3
-4}~ -1-4
-5 ] ] | | ] I | | | | | | 1 | | | | | | -5
0 20 40 60 80 100 120 140 160 180
Ice Geo & Civil Distance (m) February 2010




Project: Rangitaiki River
Client: EBoP

Location: Kokohinau
Number:

Subsurface Cross Section ©

0 10 20 30 40 50 60 70 80 90 100 110 120 130 14I10
{

o HA10 ' | P

—

silty fine sand

Elevation (m)
w
T
T
1
o
pn )
«©
Q)
=2
(@}
Q
Q
~

) | | ] i I ] l ] ] ] ] ] ] ] L__1-5
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

Ice Geo & Civil Distance (m) February 2010
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Bore Hole Log Borehole: BH1

.- Location:  Kokohinau
Project: Co-ordinates: East 126 North 0
Client: EBoP Elevation: 8.4 Datum:
El - c N
=1 = | E o | 2 E 3
é CC> = i} © . . = ® =
s|s|8|e|= description 5150353
o2g [ x] [finesandySILT brown,topsoil
T silty fine SAND, some hard rounded gravel to 3mm and lapilli to
050 x 3mm, brown / grey, firm to stiff, fill
T 0.4m 100mm piece pumice ok
1.0Q x g
o
et oy 1.8m 50mm piece charcoal
2.0q -1 | 2.5m 200mm black staining, oil
0% 225
2.50 I
30 o
ssfad L] Lo
nd.85 v=1 | fine sandy SILT, black I
4.70 VLV s e e e e e e e e e
L] = \rhyolte rock /
sodasd X fine sandy SILT, light grey and brown marbled, mdeium to |
\firm, liquefiable _ _ _ ___________________________ !
4500399 ¢ & L _____ ]
[37d [ x ] fine sandy SILT, light grey and brown marbled, mdeium to
P~y [\firm, liquefiable ____________________________ 4
e . % clayey SILT, some rotten timber and organic material, grey,
sy RXy fSoft i
G [=] [\fineto medium pumice SAND, some silt, orange stained ~ i
308 =3 p clayey SILT, some rotten timber and organic material, grey, :
5.50% =3 H soft f
L
.90 i pumiceous silty fine SAND / sandy SILT, light greenish grey,
firm
60 rotter imber vith insect droppings, biack |
pumiceous SILT, creamy light grey, stiff, sensitive _
torganic CLAY, brown __________ I |
6.50 fine to medium pumice SAND, grey ?? """~
Observations:
Date started:
Vane no. Rig: Date finished:
Core Dia. Contractor: Logged by: M. O'Halloran




£ B

Bore Hole Log Boreho

le: BH1

ICER -~ Location: Kokohinau
Project: Co-ordinates: East 126 North O
Client: EBoP Elevation: 8.4 Datum:
E = s . =
E g g 5’ % L. % ® %’
el Elels description s3] 8
AR R sl gl 2]
Sl | 3|88 s| s5|la]| &| 2
6.50 = | o] © s| 3| &S| s
e E ¥ Vo - _____
=3 fibrous PEAT, (like rotten particle board), some roots, black,
e L medium strength
7.0 L
098 EY |
7-50R0.99 i pumiceous gravelly SILT, hard angular pumice to 15mm, grey,
\fimtostift J
8.0Q)
8.50) 2
-030 N_ 4 @ e——
"0y pumiceous gravelly SILT, hard angular pumice to 15mm, grey,
9.:00 %9 firm to stiff
2 J 8.8m 150mm piece rotten timber
9.50 > %q
><°: 9.8m some silt bands, some brown stained bands, very senstive
10.00 “Ox
X xa
“ox] | 10.3m pumice rich layer
10.50]-210 ] -——
11.0Q]
-2.85 e e ]
il X R — i
11592185 g=4 p silty fine SAND, some fine roots, greengrey 7
3] EZ1 | fine sandy clayey SILT some roots, greengrey __________ i
<49 =1 pfine to medium pumiceous SAND, some silt, greengrey r
1200360 3 \clayey SILT greengrey, firm J
\fine sandy SILT, some clay, green grey, firm '
EOB
12.50
1.3.00)
Observations:
Date started:
Vane no. Rig: Date finished:
Core Dia. Contractor: Logged by: M. O'Halloran
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HAND AU

Project: Rangitaiki River
Client: EBoP
Location: Kokohinau

Test: HA1

Elevation: 8.8
Date: 26/04/2010

Number. Logged by: M. O'Halloran
3 g 2
= | gl 2 =
=121 Description S
Q
S| ad| & »
0.0 O
| x| silty fine SAND, some fine lapilli and gravel, dense, brown, dry
0.5 ] SRR
1.0 "
T x: :x' x| 1.5m some coarse sand
1.5 X%
2.0 ] e
T
25 b
lea ol o ]
_ * x * x STLT, d_amp, brown
3.0 | 58_[*__[silty fine SAND, damp,grey T TTTTTTmmTTT
i x| silty fine SAND, black (fopsoil) with charcoal, Toose ~—
3.5 ] SRS
IR i
) %", *| silty fine SAND, pumiceous, Tight, grey with orange staining, damp ~ |
40 Las x| ]
| EOCB
4
4.5

="

[el3 GEO & CIVIL

§ e
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Project: Rangitaiki River
Client: EBoP
Location: Kokohinau

Test: HA10

Elevation: 8.5
Date: 26/04/2010

Number: Logged by: M. O'Halloran
£ g 2
= = - oY
£l 5| 2 Description =
o @
a w 8 n
0.0 O
1 x| silty fine SAND, some fine pumice lapilli to 1.5mm, rare hard gravel
i x . .| to 20mm, dry, dense
0.5 ] o
1.0 SR
15 SEER
2.0 __ x : :>f : x
2.5 ] x x %
459 Lo o e it e e e o]
1 <X x| fine'sandy SILT, dark brown, damp
57 | x|
1 7 7| "silty fine SAND, some fine charcoal, brown and grey, damp
3.0 %%
1 s

{8l GEO & CIVIL
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- .

Prpject: Rangitaiki River Test: HAT1
Client: — EBoP Elevation: 5.6
Location:  Kokohinau Date: 22/03/2010
NUmGar Logged by: M. O'Halloran
= 8 ®
Naw ’é‘ -l -
2| 5| 2 Description =
Q.
S|u| 8 3
0.0 Q)
] *« * «| SILT, brown, dense, dry
-1 X * x x
057 sa_[x x| _____ e L
1 5 [ x* x| organic SILT, dark brown, damp 1
| * .| silty fine SAND, grey with orange staining, Tight, fluffy, dry ~~
0]
1445 PocXl |
- < X <] clayey SILT, grey with Festaining, damp
_ )(7 X x_‘
e B T o e e e e e e e
1.5 ] x x| silty fine SAND, rare pumice [apilli'to 7mm, grey with Fe staining,
x| light, fluffy, dry
: %" x| 1.8m moist
20 | e
4385 [ x| e e
I —— | CLAY with some fine timber/roots, grey, plastic, soft, moist
o5 i ,:f::; 2.25 clay becoming brown with fibrous peat material
1 =
=1 I .
i < x| SILT, pumiceous, Tight creamy grey, moist
¥0 | 26 ['xx| _ _ _ _ _ _ __ _ _ ]
) j__z._g;_itgi:;:&,:_:_:_f[ne to medium SAND, some silt, grey, wet o
J s Ph | medium o coarse SAND, grey, wet T T T T T
1 [T PEAT fibrous, darkbrown —~ T T TTTTTTTTTTTTTTT
3.5 ] G |
lae PO
T EOB Tiber .
4.0 ]
4.5

o123 GEO & CIVIL

ye.
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Project: Rangitaiki River Test HAZ
Client: EBoP .
S . Elevation: 5.3
rocation: - Kokohinau Date: 22/03/2010
: Logged by: M. O'Halloran
— (@)
El | S 2
& = [$) L. e
aQ 5 < Description G
a L © n
0.0 O]
] * < * x| SILT, brown, dry
150 : x - x| 0.05 some Tarawera Ash grit
4 3—:7 silty fine SAND, some clay, grey with orange staining, damp =~~~ |
0.5 ] D

HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10

v | 3_ 53553“._,_ ]
-] L PEAT, fibrous, dark brown, dense
2.5 ] URNVARY)
7] f_u_\#
1T R TSILT, pumiceous, some timber, rare pumice to 70mm, grey, firm
41205 [ x|
+<2-f=—=>rgilty fine SAND, grey, dense _ =
4.0 7
45
ice [T

Sheet 1 of 1
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Project: Rangitaiki River lask i
Client: EBoP o
Location:  Kokohinau [E)I:t\ft'on' 62'2/03/2010
Number: Logged by: M. O'Halloran
E S ©
N P —I =
5 § = Description g
o IS ]
S|lw| & &
0.0 O
l * « X x| SILT, brown, dry
- O
1 58 | ___|coarse SAND, grey, dry o
0.5_] x| silty fine SAND; slight fluffy, Tight brown, dry™~—~~~~~~~~~~~ "~
107 [x
2 U
) <~ * 1 clayey SILT, brown, plastic, moist
16 1 a7 [=2x _ __ I
| *7-. | silty fine SAND; light, fluffy, light brown
20 g bl
T < X < 'SILT, grey, moist
251 37 [x_x| e
1 —— —| CLAY with organic fibres, brown and grey, very soft, moist
3.0 ] ——
159 5
‘[:2@:%2:_,( [ SILT, grey, moist —— """ m T
8.5 | 27 L *L [ SILT, pumiceous, Tight creamy brown grey, moist o
i "<~ x| clayey SILT and fimber, brown and grey, moist —~~ "~
25_ L[ x_ x5
B N R L LI 1Y
4.0 ]
.
45 7
i
. =
[@l3 GEO & CIVIL
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HAND AUGER HAND AUGERS.GPJ HAND AUGER BASIC.GDT 27/7/10

Project: Rangitaiki River Test: HAd
Client: EBoP :
S . Elevation: 5.0
rocation: - Kokohinau Date: 22/03/2010
: Logged by: M. O'Halloran
E & ®
2| 5| 2 Description 5
Q.
gl w| 8 3
0.0 O)
i * <« * x| SILT, brown, dry
I O
0.5 | 45 [ X5] clayey SILT, grey with orange staining, damp al
4 % ¥| silty fine SAND, light, fluffy, grey, dry
1.0 ] SRR
lez pooxl ]
X< % <1 clayey SILT, brown and grey
1.5 = 5
7 I
3 x . * <[ SILT, pumiceous, Tight creamy grey brown
82 | x x|
T~ ~E==7 organic CLAY, some fine organic fibres, brown and grey, plastic,
2.0_] 3 _[=z— moist, soft -
1.29_ |- .| mediumio coarse SAND, pumiceous, grey o
i s ] PEAT fibrous and clayey, dark brown ~ "~
2.5_] ORY
Y led bwosd o ______
0 ] =— 1 CLAY, greenish grey, soft
1.9 [——1
T~ “Fx*%[SILT, pumiceous and finel1apilli to Tmm, bands fine sand, grey, |
1 17_['xZx] dense _
i EOB™ "~~~ 7 Tttt
3.5
4.0 7
45
e, »
QeEcEo&civiL |
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HAND AUGER HAND A

Project: Rangitaiki River
Client: EBoP
Location: Kokohinau

Test: HA5

Elevation: 5.5
Date: 29/03/2010

Number: Logged by: M. O'Halloran
€ S ®
S| g 2 =
21 = | 2 Description S
oy D
a L 8 n
0.0 O
1 = | SILT, brown, dry
1se [l o ]
i < «| SILT grey, dry
05 | 5 ['x*x| _ __ S S
| %7, | silty fine SAND, grey, Tight, flufty, dry
1.0 ] M
Laa b o ]
15 ] *« * «| SILT, grey, moist
39 [ x«x
1~ T E=== organic CLAY, some organic fibres, brown, plastic, soff, moist — |
EXIow
20185 =4
i “« * «| SILT, pumiceous, creamy brown, moist
188 [xXx| ____ |
-3.25 =X ~=1-¢clayey SILT with organic fibres, grey and brown, moist =

2.5 J—Q-QS— ‘-;‘:{,-:3"-},;;— ——— T From e = — — — — ——— — — ———— — — — — — — ]
Y fibrous PEAT, timber, dark brown, moist

&0 — /, 1, 1}

dag el
3.5 205 F—-=-1SILT with pumice pieces fo T0mm, grey

| EOB T
4.0 |
4.5

Y —— . —————— —— —— ———————

——— . — —————— — ———— {—

N,
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Project: Rangitaiki River Test: e
Client: EBoP —
Location: ~ Kokohinau [E)I:t\égtlon. 62; /03/2010
NUmber: Logged by: M. O'Halloran
e & ®
= | E| 2 2
£ = L " €
o S < Description T
S || g @
.0 S l
| <« * x| SILT, some grit, brown, dry
0.5 ] S x
153 e o ]
1 5.2~ [x- X[ silty fine SAND, orange stained grey , dry _
1.0_] * x x| SILT with angular pumice to 20mm, brown, moist ~
1 49 ['x7x
3 | sty fine SAND, orange stained grey , moist l
1.5 '
2.0 | !
137 I
25 SILT, brown, moist
35
1 “organic CLAY, some fibrous material, brown, plasfic, moist, soft | .
i
35_] 26 e e e e :
| 25 | SILT, pumiceous, creamy brown, moist 1
124  clayey SICT brown, moist —— """~ """ "~ )
J medium 1o coarse SAND, pumiceous, grey, wet I
2.2
40 1 PEAT, fibrous, dark brown ~ T T T
2
1 ecg—————— T l
45 ] ¥
Elceoscvi i

- s s
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l

Prpject: Rangitaiki River Test: HA7
Egc?gtti-on' IEoBlgaiinau Elevation: 5.2
Number: Date: 29/03/2010
' Logged by: M. O'Halloran
E S o
= 4 g Description %
Q.
2183 ;
0.0 (O)
| * « * «| SILT, brown, dry
lag [x2xl ]
) % «| SILT, orange stained grey, dry
0.5 ] “x % x
Las [x.x _____ .
1.0 _] *7-.*| silty fine SAND, light grey, dry
1.5 x
T O
1385 [x*x[SILT, grey moist """~

1 CLAY and fibrous organic material, brown and grey, plastic, soff,
moist

d]
l

|

|

I
A

N
o
|
|

|

e

—— e ———— — — —— — —— — — — — —— — — — — — — —— e e — ]

x x x

x x x|
|
(2]
(!
=
©
| o
3
(@)
(0]
(@]
C
o

BEEEIEEEE S
x x x|

|
S
|
t

—_— =

X

_____ T Y PEAT, fibrous, dark brown, moist— T T
VY

NUZNYZN

—— — — ———— —— ——————————— —— — — — . o, o s, s s

N,
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Project: Rangitaiki River Test: HA8
Client: EBoP .
. . Elevation: 5.9
Location: - Kokohinau Date: 29/03/2010
: Logged by: M. O'Halloran
— o
o)
£ € — %
< - &) o e
a. > < Description 3
a w ©
0.0 O
_ <% <[ SILT, brown, damp
05 154 [xZx| . __ ]
1 *7.. | silty fine SAND, brown, damp
1.0 ] SR
15 ] o
1 42 b

— — ——— — o —— ————— ————————————— — — o — — —— — . s, e . e

1
X X X X X|
x x x x|

xk x x x x X

— . ——p ———— —— —— ————————————y — ——— ———— — — o, e e e e . e e

w
(&)
AN
N
I Xk
Ix | x

P ——— ———— ——————— o ——— — —— —— —— —— ——— p———

NO!
W
T
||
|
1
o
=
Q
[Y)
3l
a
2
(V2]
o
3
®
5|
o
C
(]
]
=
Q
V)
=
(9]
3
o
O
.
Q)
V)
>
Q)
=
o
o
]
»
ol
=
]
s
5
Q
>
Ql

|
|
|
|
|
)
]

X
X
X
X
X
X
g

some grey, moist J 1

_ | medium SAND, grey, wat |
| PEAT fibrous, dark brown

—— e ————— e ———————— —— ————— e e e e, e e e

|
&
SR

S
iz

fa

I:|
I
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
I
|
|
|
|
|
|
I
§

© I
|
=

4.5
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Project: Rangitaiki River
Client: EBoP
Location: Kokohinau

Test: HA9

Elevation: 5.1
Date: 29/03/2010

NUmber: Logged by: M. O'Halloran
— o
o [}
E|l | S 2
]l 5| & Description =
3 )
a i 3 n
0.0 O
| * « * «| SILT, brown, damp
0.5 e
laz Lx.x| e _ i
1.0 ] < > <1 clayey SILT, grey with Fe staining, damp to moist
1oz [xle o .
1.5 | x| silty fine SAND, grey with FE staining, damp, Tight, fluffy
18a Lo ]
1 383_[ x % x| fine sandy SILT, grey, moist 1
i — — —| organic CLAY, some fibrous organic material and roots, brown and
2.0 | % —"1 some grey, moist
1 =
25 V26 [——H4 __  ________________ i
1 25_[*x X x[ SILT, pumiceous, creamy grey brown, moist 1
i ..-./| mediumto coarse SAND, grey,wet ~— T T 777
18 St e
3.0 ] L PEAT, fibrous, dark brown
T O
3.5 | EOB washingin
4.0 |
4.5 ]

v

{®13 GEO & CIVIL
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PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Stopbanks
Location : Unknown
Client : Ice Construction Ltd
Client/Sample Ref : Campbell
Contractor : N/A
Borehole No: 1 Depth: 2.90 Metres
Sampled by : Marrianne O'Halloran (Ice Construction Ltd)
Date received : 13 November 2009
Sampling method : Unknown
Sample condition : Natural State Project No: 255549.00/0TL
Sample description : Slightly Gravelly SAND, minor Silt, trace of Clay Lab Ref No: 09/637A
Solid Particle Density (tm®): 240 (assumed) Client Ref: ==
Water Content (as received): 436 %
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 = a4 100 || 0.300 31 0.0319 9 0.0041 3
375 - 2.36 98 | 0212 27 0.0227 8 0.0015 2
19.0 - | 118 | 82 | 0150 | 22 0.0167 6 - -
13.2 - || 0600 52 | 0075 1 0.0118 5 - -
9.5 - | 0425 37 | 0063 10 0.0083 4 - -
Note: “--" denotes sieve not used and/or hydrometer analysis not tested 0.0056 4
Sieve Aperture Size (mm)
85 258 ¢8 = 8 ¢ .33 2 g
100 oS S o S o 8 o - o < G - v © °
‘ ‘ I R TR R . O 11 [ R O
% T b el //’r el g Ly lp
_ T e TS B
) | ERE PRl :m/: {: $ L o R
g 10 T T T P I O y T T ‘ J
] I 9 [ ke FIE I B 1 H B R | I
% e ; I ' IR R B N I
& 50 [t} ! ! |8 s ! o v 11l je ) ;:' ' | 'j 1
£ . ’ HE R ;;:/z§ FEE S o8 [
& 40 : . - — T R e
g TTTT [ HH I ‘./ 1 [ [ [ o 4 TdTFE
8 ‘ ‘ T s A
| | o A0 bl | | o | [ ]
ot Rl BT DLLEOIE E R
et L] LBt b d BT |
oot =T [ [ TR 28§ B ERINERE]
0.001 0.010 0.100 1.000 10.000 100.000
Particle Size (mm)
fine I medium I coarse fine medium coarse fine medium coarse ¥ -
CLAY Lq
SILT SAND GRAVEL
Test Methods Notes

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

pH of suspension : 8.5 (Whatmans Full Range pH Indicator paper)

Date Tested: 27 November 2009
A

Date Reported: 2 December 2009 @

/ 0

/.
IANZ Approved Signatory /3 l ..
Designation : Senior Givil Engineering Technician Taborstery
Date : 2 December 2009

csf2100 (09/09)

All tests reported

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

Page 2 of 4

’ Opus International Consuitants Limited 278 Chadwick Road, Greerton

1
i Tauranga Laboratory | PO Box 9057, Tauranga 3142,
] Quality Management Systems Certified to ISO 9001 ; New Zealand

Telephone +64 7 578 5425

Facsimile +64 7 578 3382
Website www.opus.co.nz




PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Stopbanks
Location : Unknown
Client : Ice Construction Ltd
Client/Sample Ref : Blacks
Contractor : N/A
Borehole No: 3 Depth: 1.50 Metres
Sampled by : Marriane O'Halloran (Ice Construction Ltd)

Date received : 13 November 2009
Sampling method : Unknown
Sample condition : Natural State Project No: 255549.00/0TL
Sample description : SAND with some Gravel, minor SILT, trace of Clay Lab Ref No: 09/637B
Solid Particle Density (Vm”®): 265 (assumed) Client Ref: ==
Water Content (as received): 10 %
Sieve Analysis Hydrometer Analysis
Sieve Size Passing It Sieve Size Passing Sieve Size Passing Particle Size Passing Particle Size Passing
(mm) (%) | (mm) (%) (mm) (%) (mm) (%) (mm) (%)
63.0 -- | 4.75 95 0.300 21 0.0543 10 0.0074 5
375 - 5 2.36 86 0.212 16 0.0389 9 0.0052 4
19.0 - | 118 70 0.150 13 0.0277 8 0.0037 4
13.2 100 i 0.600 46 0.075 10 0.0198 8 0.0014 3
9.5 99 Il 0.425 31 0.063 10 0.0146 7 - -
Note: --" denotes sieve not used and/or hydrometer analysis not tested 0.0105 6
|
] Sieve Aperture Size (mm)
28 2RE8EE = 8 & o33 2 g
| 100 o © o © o © o - o~ A : D - - ™ iz
| TN iDLz EIEIE
‘ ‘: R ¥ AR i
L _ 80 h o / 4 I e
? E - . R IR . CHAEE M .
| g‘ : b : RIS A I
‘ 60 — : S
3 & 7 P ERENI R
‘ g s 7 i T T
< | i ! balpe o Al P dl
g T i T A A : . I
c 1 | . ) . . . . .
8 a0 : R e o e
@ | . I . . -‘ . . . .
o V | | 1o | ' £ 9 s e
20 T T
| | | « ' » Wl N N ‘- ‘
| G | : ) R s
10 ! i : : Lt RO
4 1 R : : AN IR L
0.001 0.010 0.100 1.000 10.000 100.000
Particle Size (mm)
fine l medium l coarse fine medium [ coarse fine I medium coarse L;mye
CLAY
SILT SAND GRAVEL
Test Methods Notes

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

pH of suspension : 9.0 (Whatmans Full Range pH Indicator paper)

Date Tested: 27 November 2009

Date Reported: 2 December 2009

I A
IANZ Approved Signatory // /»//‘I 0 @
Designation : Senior G/i(/il Engineering Technician l
Date : 2 December 2009 laboratory

csf 2100 (09/09)

All tests reported

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

Page 3 of 4

} Opus International Consultants Limited |
Tauranga Laboralory

Quality Management Systems Certified to ISO 9001 New Zealand

278 Chadwick Road, Greerton
PO Box 9057, Tauranga 3142,

Telephone +64 7 578 5425

Facsimile +64 7 578 3382
Website www.opus.co.nz




PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Stopbanks
Location : Unknown
Client : Ice Construction Ltd
Client/Sample Ref : Blacks
Contractor : N/A
Borehole No: 8 Depth: 1.30 Metres
Sampled by : Unknown
Date received : 13 November 2009
Sampling method : N/A
Sample condition : Natural State Project No:  255549.00/0TL
Sample description : Silty SAND, trace of Clay Lab Ref No: 09/637C
Solid Particle Density (/m”): 2.65 (assumed) Client Ref: ==
Water Content (as received): 61.1 %
Sieve Analysis Hydrometer Analysis
Sieve Size Passing \' Sieve Size Passing ][ Sieve Size Passing Particle Size Passing : Particle Size Passing
(mm) (%) | (mm) %) | (mm) (%) (mm) (%) L (mm) (%)
680 | - It 475 | 100 71 ~0.300 96 0.0504 29 0.0076 6
31.5 - | 236 100 | o212 | 92 00377 | 22 | 00054 6
| 190 - f 1.18 99 | 0.150 79 0.0276 17 | 0.0038 5
13.2 - | 0600 99 | 0075 40 0.0200 13 | 0.0031 4
9.5 - | 0425 98 | 0.063 33 0.0145 10 | 00016 4
Note: "--" denotes sieve not used and/or hydrometer analysis not tested 0.0107 8 11
Sieve Aperture Size (mm)
AT [ [ "
4 ’ . ' . 1 0 . | . . ’ . .
B  ER R R
—~ ] O [l T I " 0 0 v 0
g IR EERER R ik
g B NEEII SR T
£ | . . | s o HER
2 H . . A R
H R i T o
@ i 4 ' L d o o i ‘ 1]
g I : ) T H HaE i
< ’ . . . ' . . 1]
8 : : B3 9 B - ol fiil]
§ ! TR i : o S
o 1} ' PR . {o |
i {| HERIEEREEE
0.001 0.010 0.100 1.000 10.000 100.000
Particle Size (mm)
LAY fine [ medium I coarse fine medium coarse fine I medium I coarse L;:Ze
SILT SAND GRAVEL
Test Methods |Notes
Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Washed Grading & Hydrometer Method) pH of suspension : 9.0 (Whatmans Full Range pH Indicator paper)
Date Tested: 1 December 2009
Date Reported: 2 December 2009
IANZ Approved Signato 74
K pp 9 £y . fc/,' X X . All tests reported
Designation : Senior Cj¥il Engineering Technician A herein have been
performed in accordance
Date : 2 December 2009 0 with the laboratory's
l scope of accreditation
o psdad xorebret
laboratory
s 2100 (09/09) Page 4 of 4
i Opus International C: Itants Limited [ 278 Chadwick Road, Greerton ! Telephone +64 7 578 5425
] Tauranga Laboratory PO Box 9057, Tauranga 3142, | Facsimile +64 7 578 3382
i Quality Management Systems Certified to ISO 9001 New Zealand Website www.opus.co.nz



