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Rangitaiki Stopbanks Assessment Section 4

1 Introduction

There is a large bend in the Rangitaiki River between 4800m and 6300m from
the river mouth. On the right bank there is a low lying area of farm land
encompassed by the bend and East Bank Road. In the centre of this area the
ground level is as low as 0.1m (Moturiki Datum) (Figure 1). During the flood
of 2004 this area was flooded with sufficient depth of water to wash debris
over deer fences. No seepage through or under the local stopbank was
observed in the wet conditions before this inundation. The flooding of the land
greatly reduced the differential head across the stopbank and consequently
the risk of piping or heaving problems was diminished.

In response to the questionnaire sent out to landowners along the river in
2005, the farmer identified sponginess and seepage in the centre of the area
contained by the bend (Reference 1). The crest of the stopbank around the
bend is typically at RL4.6, thus in flood conditions there is a significant head
difference between the river and the internal ground surface. In the 1987
earthquake there was transverse cracking over 100mm wide in the stopbank
around the bend. This could have been related to the liquefaction of soils
within old flow paths under the stopbank.

It was considered that the security of the stopbank along the bend in the river
should be investigated due to the farmer’s observations and the history of this
section of stopbank. These investigations have shown that there could be
potential heave and piping problems.

This report presents the following information:

the results of insitu investigations,

laboratory grading test results,

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

= possible remedial measures.

This report is the property of our client, Environment Bay of Plenty and Ice
Geo and Civil. The comments within relate only to the length of stopbank
along the Rangitaiki River right bank from 4800m to 6300m. The conclusions
of this report are based on the interpretation of investigations carried out at
isolated points only and limited laboratory testing. Therefore some ground or
other conditions, such as buried culverts, which may have an effect on the
integrity of the stopbank may not have been identified.
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Rangitaiki Stopbanks Assessment Section 4 3
augers an undisturbed Tarawera Ash layer could be identified. Thisis a
medium to coarse grained black sand.
Organic material was found in bands in clayey silt and silty sand layers in
several augers in the higher investigations. In the low part of the basin peat
was found beneath 1.3 to 1.6m of silt and sand. The thickest layer of peat
found within the depth of investigation was 0.6m. More than one layer of peat
was found at some locations inter-bedded with sand and silt layers. This
layering and depth to peat indicates the dynamic nature of soil deposition
before the stopbank was built.
The particle size within the sand layers varied significantly and rapidly across
all the investigations. Medium to coarse sands were found at most locations
and at some locations pure pumice lapilli (up to 2mm) layers were found.
4 Laboratory Test Results
Hydrometer particle grading tests were carried out on nine samples of
subsurface soils with a range of particle gradings to enable estimation of the
soil permeability using the Hazen formula:
k=0.01 d102
The grading test results are summarised in Table 1, which includes the results
of some tests carried out by Beca (Reference 2).
Table 1: Particle Grading Results
Sample Description Do Dso permeability
, (mm) | (mm) (m/s)
HA1 1.0m grey medium to coarse sand | 0.03 0.5 9.0x10°
HA12.2m | grey brown medium to 0.08 |0.47 6.4 x107
coarse sand
HA2 0.8m brown grey sandy silt 0.005 |0.076 2.5x 107
HA2 1.8m grey fine sand 0.03 0.15 9.0x10°
HA8 1.5m grey medium to coarse sand | 0.15 0.8 2.25 x10™
HA16 1.6m | grey brown sandy silt 0.005 | 0.036 2.5x107
HA19 0.8m | brown grey sandy silt 0.003 | 0.033 9.0x10°
HA20 1.5m | brown grey silty sand 0.011 |0.48 1.2x10°
HA28 3.5m | grey medium sand 015 |05 2.25x10™
B1 0.3m brown silty fine sand 0.0065 | 0.26 4.2 x10°
B11.2m brown sandy silt 0.0027 | 0.025 7.3x10°
B2 0.3m brown sandy siit 0.0015 | 0.025 2.3x10°
B3 0.5m brown sandy silt 0.0045 | 0.07 2.0x 107
The results of the laboratory tests are included in Appendix B.
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Rangitaiki Stopbanks Assessment Section 4 7

system observed on site to be at about RLO.0. The river head was set at the
starting level of the 100 year flood flow hydrograph. The depth of the river
bed was taken from cross sections surveyed by EBOP.

Rainfall was not modelled.

5.4 Cross Section 1

Cross Section 1 is at the upstream end of the study section. The stopbank is
1.4m higher than the land on the inland side and there is an 11m wide river
berm (Figure 4).

Coarse sand and fine lapilli were found in HA17 below 1.7m of clayey silt (RL-
0.9) about 90m from the inland toe of the stopbank. As this layer was found in

.many places it was assumed that it extends under the stopbank and a steady

state analysis was carried out to calibrate the model with normal river flow

.conditions. The model was extended to the central basin 150m from the

stopbank. No heave of the surface silt layers was predicted in the central
basin under normal river flow conditions.

An initial static seepage analysis was carried out assuming a ground water
level of RLO.0 in the central basin and a river level of RL1.1. A transient
seepage analysis was then carried out modelling the full eight days of the 100
year flood. A two hour time step was used. An allowance was made in the
soil model for seepage from the ground surface inland from the stopbank.

The transient flood analysis showed that there could be a heave problem in
the area of HA17 and beyond if the lapilli layer extends under the stopbank.
High uplift pressures under the surface silts could be what the farmer
described as sponginess in the paddocks.

If a pressure relief trench (or wells) is excavated to the lapilli layer 90m from
the stopbank, the factor of safety against heave is improved. The flow from
the trench could be in the order of 2m° per metre of trench per day during the
flood. If trenches were excavated right around the edge of the basin about
70mm of water could pond over the period of the flood (in addition to any rain
fall).

A further analysis was carried out which modelled water ponding in the central
basin to reduce the head differential between the river and the basin. It was
found that water had to be ponded to RL3.0 to prevent uplift. This option
would require the construction of a properly engineered stopbank along the
road, a controlled iniet from the river and gated culverts through the new
stopbank to allow the normal pumped drainage system to operate. Itis
considered that a system of pressure relief wells will be more cost effective
option. These wells should be about 3m deep and spaced along the edge of
the basin at about 30m intervals. Some flexibility in their location could be
allowed so that they create minimal interference with normal farm operations.
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5.8 Cross Section 5

Cross Section 5 is through the same dip as Cross Section 4 (Figure 8).
Pumice lapilli were found only 1.5m below the ground surface at the inland toe
of the stopbank (RL1.9). The overlay to RL3.2 therefore needs to extend .
across this whole dip.

As there is already a direct connection between the coarse sands on the river
side of the stopbank and those inland, the removal of further material from the
broad part of the river berm should have minimal effect on the stopbank
integrity.

5.9 Cross Section 6

It appears that a band of pumice lapilli was deposited right across the apex of
the river bend as lapilli were again found as high as RL 1.7 in HA1 at Cross
Section 6 (Figure 9). Itis possible this layer of lapilli and layers of other clean
sands found in this area are the reason the ground surface is higher here than
within the adjacent basin. The dip between the stopbank and the farm house
is a little deeper at this cross section than at the previous two cross sections
(Figures 1 and 2). The required over lay to RL3.2 will therefore be up to
600mm thick.

5.10 Cross Section7

At Cross Section 7 the ground level falls away from RL3.0 at the inland toe of
the stopbank to RL 0.4 within 100m of the stopbank (Figure 10). This cross
section is within a concave section of the river bank in the downstream portion
of the study length. The characteristics of soil particle deposition here may be
a little different to those within the upstream portion of the study length as the
surface soils here seem to be generally finer than found elsewhere. A fine to
medium sand was not found until RL-1.0 in HA14. [f it is assumed that this
sand layer is connected to the river there is potential for uplift of the surface
silts in the basin as for cross sections 1 and 2. Therefore pressure relief wells
should be continued around this north side of the basin.

5.11 Cross Section 8

The ground surface profile at Cross Section 8 is similar to that at Cross
Section 7 (Figure 11). No soil layers with high permeability were found within
the depth of investigation in HA22 or HA25, on either side of the stopbank.
Sand layers were found above and below a peat layer in the basin at HA20.
As the sequence of soil layers in HA20 is similar to that in test pits 1 to 5 and
test pit 6 it was assumed that the sand layers in HA20 are connected to those
found in the test pits and the river. As before, it was found that pressure relief
wells are needed to reduce the risk of heave of the upper silt layers.

Ice Geo & Civil April 2009
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6 Conclusions

1. There could be problems of heave of the surface soils within the low basin
inside the river bend in significant floods.

2. The installation of pressure relief wells, 3m deep and at approximately

- 30m spacings, around the edge of the basin should reduce the potential
for heave.

3. The precise location of the wells can be varied to suit farming operations.

4. Flooding of the central basin to reduce the potential for heave is
considered to be impractical due to the depth of water required (up to 3m).

5. Shallow overlays are required in three areas behind the stopbank (Figure
1) to reduce the risk of heave at higher levels.

6. Further soil can be taken for fill from the outside of the river berm at the
apex of the bend provided the river face of the stopbank is not de-
stabilised. -

7. The depressions caused by old tree stumps near Cross Section 10 shouid
be excavated and backfilled with silty soil.

8. If any trees within the bend fall the stumps must be removed and the holes
backfilled with silty soil.

//L.@M_n

M. O’Halloran 17 April 2009
BE, PhD, Dip BA, MIPENZ (Geotechnical), CPEng IntPE
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Project: Section 4 Langdon's Test TP4
Client: Environment Bay of Plenty Elevation: 2.3
Location. Date: 30/03/2009
umboer. Logged by: M. O'Halloran
—_ o
El S 2
c| Ele Seserio g
o 3 £ escription 3
0 u o
0.0 O
i < * | brown SILT
- S el B ]
X~ * <1 orey with orange moftles clayey SILT, moist, plastic
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- = =]
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4 >
1.0 ] % 2]
- X X ]
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1.5 _ ]
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oS e b ____ e _
35 - D Black PEAT homogeneéous, fibrous, some timber, fresh 1ow perm ]
7] Liﬂ\ l\\#\ l}’\-k
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Project: Section 4 Langdon's Test TPS
E(I;g:tt_:o . Environment Bay of Plenty Elevation: 3.0
Norobor Date: 30/03/2009
| Logged by: M. O'Halloran
— 8’) [))
g ’E\ —l ot
£ = o . £
aQ > < Description 3
Q| d| @
0.0 O
| .~ «| brown SILT with organics
06 s P x.t ]
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B x Ix- x
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1
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ba_ i o o
3.0 _ *= <1 blue grey clayey SILT, with bands fibrous organic material'and fine ]
<X <1 sandy SILT
Y02 wX<T)
B (6 )
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Project: Section 4 Langdon's Test PG
Ehggtti: _ Environment Bay of Plenty Elevation: 0.6
N?me(e)?-' Date: 30/03/2009
| Logged by: M. O'Halloran
— 8) [0}]
El =18 2
< < o . =
aQ & < Description 3
Q| m| @
0.0 o
i = * 71 grey with orange mottles clayey SILT
1 7
0.5 S
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los [ e ]
T ~ F ¥ lightbrowngreypumice SILY T T T T T T T T
- x x X %
15 Yoo 7l o]
1 T x Lbrown organic SILT S
T4~ [~ 774 medium fo coarsepumice SANDand finefapilli ~~~~~~ ~ 7]
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ﬂ SNV
es peed |
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-
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Project: Section 4 Langdon's Test HAIA
Client_: Environment Bay of Plenty Elevation: 3.0
Location. Date: 30/03/2009
umber. Logged by: M. O'Halloran
£ 2 ®
g — —-l o)
c| £ % » £
a3 < Description 3
Al o | @
0.0 o
i * . * | brown SILT with organincs, damp, firm
i x x "
R7_ kX __ P |
| % = =1 grey with orange moffles SILT some clay, damp
0.5_] ]
_21__z:zi% ___________ o S, ]
b3 |« . x| grey with orange motties fine sandy SILT, damp
:‘ T “7": ?Qﬁéy’vﬁfﬁ“o?aﬁ@é moffles silty fine SAND, damp™ ]
10 L

o At BT

HAND AUGER TEST PITS.GPJ HAND AUGER BASIC.GDT 15/4/09

0 N T B
20 T
25 ]
3.0
35 ]

]

-
4.0 |

{3 GEQ & CIVIL .

Sheet 1 of 1




Project: Section 4 Langdon's Test. HA/B
Ecl:g:tti:o o Environment Bay of Plenty Elevation: 2.6
Numbe N Date: 30/03/2009
umber. Logged by: M. O'Halloran
£ g 2
Sl g 2 a
o = [S] . =
[=% > = Description 3
S| w | @
0.0 O
* .« * «| brown SILT with organics
ko fret o e
b2 [z~ x] grey with orange motties clayey SILT, damp B
05 | ~ [FL¥.|greywithorange moflesSILCY, damp ~ 7]
S o e
T = - x| grey silty fine SAND, damp
10 _he ool o
1 s AT 0 T= 71 > 1
|
I
15 ]
oo __ o
A grey fine to medium SAND
0.7 SISO B e e
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055 ool
Y s pRroaplackfibrousPEAT T T T T T =
- " ... | grey coarse SAND and fine fapilli wet 7
0.3 L
1 EOP
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3.0 ]
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4.0 ]
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Project: Section 4 Langdon's Test. HA/C
Ellentt_: . Environment Bay of Plenty Elevation: 3.2
N°°ab'°”_- Date: 30/03/2009
umber. Logged by: M. O'Halloran
E|l | 8 a
— c - Q
e = [$) . £
° P i< Description ©
) 2 o w
o) w o
0.0 o
<~ | brown SILT with organics
S e IS
05 * = «| grey SILT, damp
10 b2 fxX<l __ ____ e
X ¥ <[ grey fine sandy SILT, damp, light
1.5 ] L
ne_ _Daxixl _ ]
| < * .1 grey with orange motties SILT, moist
20 g pixiloooo _ _ _
j =T grey siffy finesand, moist — 7]
v bo Lo
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7 _
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{oogoobdoodedeoeE 02
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PARTICLE SIZE ANALYSIIS (HYDROMETER METHOD)

TEST REPORT
Project : Rangitaiki Stopbanks Section 4
Location : Rangitaiki :
Client : ' Ice Geo & Civil Ltd, Papamoa
Client/Sample Ref :
Contractor :
Sample ID: HA1 Depth: 1.00 metres
Sampled by : M. O'Halloran ‘
Date received : 26/05/06
Sampling method : Auger
Sample condition:  As received Project No: 2-68229.82
Sample description : Grey medium - coarse SAND Lab Ref No: 06/229/004 -
Solid Particle Density (/m®): 2,60 Assumed Client Ref:
Water Content (as received): 325 %
Sieve Analysis ’ ' _ Hydrometer Analysis -~
Sieve Size Passing | Sieve Size Passing | Sieve Size Passing |Particle Size| Passing jParticle Size|] Passing
(mm) (%) ~_(mm) (%) (mm) (%) ~(mm) (%) (mm) (%)
63.0 .- 4.75 100 0.300 42 0.0564 11 0.0076 4
375 - 2.36 98 0.212 26 0.0400 11 0.0054 4
19.0 - 1.18 87 0.150 T 20 0.0285 10 0.0038 2
13.2 - 0.600 66 0.075 13 0.0204 8 0.0016 2
9.5 100 0.425 55 0.063 12 0.0150 7 - -
Note: "--" denotes sieve not used and/or hydrometer analysis not tested 0.0107 6
Sieve Aperture Size (mm)
g8 25888 = 8 & o33 2 3
100 SS _ & o6 o5 o o - o < a2 2 &5 9
% | S /7 P I e e e
: Ll R : 4 : : I I
g OF ST TETOAT T T o T
g Tt U T TN ST T Tk
S 6o} e AT e I
el Vi . . . . . . . . g
g so HETE— 7’% T T T
3 40 MIN b X . : . N NI . .
s s Ak At / : : : : 0o S
c N N N N Y .
g 30t . - / v . : : N : :
£ pl | A ] ERHRERIE R
20 i | : : : : o AR
10 | a — : ; : : H— : ;
° Lot | L : : : : R
N
0.001 0.010 . 0.100 1.000 10.000 100.000
: ' ' Particle Size (mm)
' “ fine medium | coarse fine medium coarse fine medium coarse | oY
SILT SAND GRAVEL
Test Methods » o Notes .
Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 30/05/06 Sampling is not covered by IANZ Accreditation

. This report may only be reproduced in full
Date Reported: 1/06/06 i
All tests reported herein
A have been performed in
IANZ Approved Signatory / accordance with the
L . . p . . . . (o} @ laboratory's scope of
Designation : Senior Civil Engineering Technician l accreditation
Date : ‘ 1/06/06 i‘;i;"é"i’-‘;‘i‘:.‘-y ‘
csf 2100 (8/02) Page 1 of 1
£ Opus International Consultants Limited | Fox Street i Telephone +64 7 856 2870
i Hamilton Laboratory - | Private Bag 3057 i Facsimile +647 856 2873
i Quality Management Systems Cerfified to 1SO 9001 i Hamilton, New Zealand i Website www.opus.co.nz



PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Rangitaiki Stopbanks Section 4
Location : Rangitaiki :
Client : Ice Geo & Civil Ltd, Papamoa
Client/Sample Ref :
Contractor :
Sample ID: HA1 Depth: 2.20 metres
Sampled by : M. O'Halloran
Date received : 26/05/06
Sampling method : Auger
Sample condition :  As received Project No: 2-68229.82
Sample description :  Greyish brown medium - coarse SAND Lab Ref-No: 06/229/004
Solid Particle Density (m®): 260 Assumed Client Ref:
Water Content (as received): 58.7 %
‘ - Sieve Analysis _ , 'Hydrometer Analysis -~
Sieve Size Passing | Sieve Size Passing | Sieve Size Passing |Particle Size[ Passing jParticle Size| Passing
(mm) (%) -~ (mm) (%) (mm) (%) ~(mm) (%) (mm) (%)
63.0 -- 4.75 100 0.300 43 0.0575 8 0.0077 3
37.5 -- 2.36 99 0.212 24 0.0408 8 0.0054 3
19.0 - 1.18 92 0.150 14 0.0290 7 0.0038 2
13.2 -- 0.600 70 0.075 9 0.0207 6 0.0016 1
9.5 100 0.425 56 0.063 8 0.0151 5 - --
Note: “--" denotes sieve not used and/or hydrometer analysis not tested 0.0108 4
Sieve Aperture Size (mm)
28 35888 = 8 g wyg 2 g
100 cS oS oo o o - o 3 o ° — o @
O AN e A
g ¥F . A N R R RN
g 70} g B — T ;
€ wof ik L L :
z ‘ s R P4 . : .
2o AT
a7 S
g a0} = o — : ; :
2wl L e L
""" : N A . :
0 -
0.001 0.010 0.100 1.000 10.000 100.000
: ’ Particle Size (mm)
| v+ fine —I medium coarse fine | medium'l coarse fine l mediuml coarse L;:zt
CLAY .
SILT SAND GRAVEL
Test Methods . , Notes
Palticle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 30/05/06

Date Reported: 1/06/06

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

All tests reported herein

< A have been performed in
IANZ Approved Signatory ' accordance with the

. . . .. . . .. laboratory" f
Designation : Senior Civil Engineering Technician O @ aporalory s scope o

Date : 1/06/06

csf2100 (8/02)

accreditation
new realand accredited

laboratory

Page 1 of 1

| Opus International Consultants Limited | Fox Street
i Hamilton Laboratory - | Private Bag 3057
i Quality Management Systems Certified to 1O 9001 i Hamilton, New Zealand

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




PARTICLE SIZE- ANALYSIS (HYIROMETER METHOD)

TEST REPORT

Project : Rangitaiki Stopbanks Section 4
Location : Rangitaiki '
Client : lce Geo & Civil Ltd, Papamoa
Client/Sample Ref :
Contractor :
Sample ID: HA 2 Depth: 0.80 metres
Sampled by : M. O'Halloran
Date received : 26/05/06
Sampling method : Auger
Sample condition : As received Project No: 2-68229.82
Sample description : Brownish grey sandy SILT Lab Ref No: 06/229/004
Solid Particle Density (Ym°): 2.60 Assumed Client Ref:
Water Content (as received): 37.2 %
— _ Sieve Analysis T Hydrometer Analysis
Sieve Size Passing Sleve Size Passing Sleve Size Passing |Particle Size| Passing j Particle Size] Passing
(mm) (%) (mm) (%) (mm) (%) ~(mm) (%) (mm) (%)
63.0 -- 4.75 100 0.300 99 0.0500 43 0.0074 13
375 - 2.36 100 0.212 96 0.0367 36 0.0053 10
19.0 - 1.18 100 0.150 80 0.0269 28 0.0038 8
13.2 - 0.600 100 0.075 59 0.0196 22 0.0016 5
9.5 - 0.425 99 0.063 50 0.0146 18 - -
Note: ".-" denotes sieve not used and/or hydrometer analysis not tested 0.0104 15
Sieve Aperture Size (mm) |
2 85888 ¢ g8 & o33 g 3
100 e T T =+ L
0 | 2 T EE T T
L 80 f = / R R Qo :
2 70 A . . : . .
«© 1 N PN ) . . | o N
s 6ol AL L L e e e RS
el o W f . . . . . . . '
il A S RS R S
g 4t A . L
5 x| ZAR T A AR R U
5 / IR : T
- A : : M N . NN
] L i R : : : o
10 | - = 'Z : : —
- : : X . :
0
0.001 0.010- 0.100 1.000 10.000 100.000
s _ ' Particle Size (mm)
CLAY ¥ fine | mediurp | coarse fine | mediuml coarse fine medium ! coarse lcoars
SILT SAND GRAVEL
Test Methods “|Notes

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

pH of suspension : 8.0

Whatmans Full Range pH indicator paper

Date Tested:

Date Reported:

IANZ Approved Signatory 7

Designation :

Date :

csf 2100 (8/02)

30/05/06

Sampling is not covered by IANZ Accreditation

This report may only be reproduced in full

1/06/06

Senior Civil Engineering Technician l°

1/06/06

All tests reported herein
A have been performed in

new zealind accredited

laboratory

accordance with the
laboratory's scope of
accreditation

Page 1 of 1

] i Opus International Consultants Limited

i Hamilton Laboratory

Ouallly Management Systems Certified to SO 9001

Fox Strest
{ Private Bag 3057
i Hamilton, New Zealand

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



PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

TEST REPORT
Project : Rangitaiki Stopbanks Section 4
Location : Rangitaiki :
Client : lce Geo & Civil Ltd, Papamoa
Client/Sample Ref :
Contractor :
Sample ID: HA2 Depth: 1.80 metres
Sampled by : M. O'Halloran
Date received : 26/05/06
Sampling method :  Auger
Sample condition : As received Project No: 2-68229.82
Sample description : Grey fine SAND _ Lab Ref No: 06/229/004
Solid Particle Density (tm®): 260 Assumed Client Ref:
Water Content (as received): 40.3 %
- Sieve Analysis ) » Hydrometer Analysis - \
Sieve Size Passing 1} Sieve Size Passing | Sieve Size Passing |Particle Size| Passing I Particle Size| Passing
(mm) (%) (mm) (%) (mm) (%) ~(mm) (%) (mm) (%)
63.0 - 4.75 100 0.300 92 0.0562 16 0.0077 4
375 -- 2.36 100 0.212 75 0.0406 12 0.0054 4
19.0 -- 1.18 100 0.150 59 0.0290 9 0.0038 3
| 132 - 0.600 99 0.075 23 0.0207 8 0.0016 2
9.5 -- 0.425 98 0.063 18 0.0152 7 - -
Note: “--" denotes sieve not used and/or hydrometer analysis not tested 0.0108 5
Sieve Aperture Size (mm)
25 83888 = 8 ®8 w3g 2 3
100 == ‘?Td°d — "."'f_‘?“’rH
% —f: — ¢ R e B
o i/ s R EE
@ 70 e A - s
E ol L / : A
> v . . . [
o A B
g2 s o / E I .
& 40 N . : e
£ g ik : : R :
< " . N . ' . '
g 30 f i T y . : T
e L AL : : '
vk : . : : i H®
10 ~ Tl : : : :
. a sl Rk : . . : o 4l
0 b
0.001 0.010 . 0.100 1.000 10.000 100.000
: ' Particle Size (mm)
T i fine medium | coarse fine m diumv‘ oarse fine medium coarse | o
CLAY = l i € | c | LO I
SILT SAND GRAVEL
Test Methods . |Notes
Patticle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 30/05/06

Sampling is not covered by IANZ Accreditation

This report may only be reproduced in full

Date Reported: 1/06/06

IANZ Approved Signatory

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

. . . .. . . ) laboratory' e of
Designation : Senior Civil Engineering Technician l° @ :cc(::,;;n:nscop °
Date : 1/06/06 r;bw:r-:::;y

csf 2100 (8/02)

Page 1 of 1

Opus International Consultants Limited
i Hamilton Laboratory
i Quality Management Systems Certified fo SO 9001

! Fox Street
i Private Bag 3057
i Hamilton, New Zealand

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




PARTICLE SIZE ANALYSIS (K "DROMETER METHOD)

TEST REPO
Project : Rangitaiki Stopbanks Section 4
Location : Rangitaiki
Client : Ice Geo & Civil Ltd, Papamoa
Client/Sample Ref :
Contractor :
Sample ID: HA8 Depth: 1.50 metres
Sampled by : M. O'Halloran
Date received : 26/05/06
Sampling method ; Auger
Sample condition :  As received Project No: 2-68229.82
Sample description : Grey medium - coarse SAND Lab Ref No: 06/229/004
Solid Particle Density (tm°): 260 Assumed ClientRef: =
Water Content (as received): 315 %
— SieveAnalysis | Hydrometer Analysis__
Sieve Size Passing Sieve Size Passing § Sieve Size Passing |Particle Size| Passing i Particle Sizej Passing
(mm) (%) ~ (mm) (%) (mm) (%) ~ (mm) (%) (mm) (%)
63.0 - 4.75 99 0.300 19 0.0573 7 0.0076 3
37.5 -- 2.36 92 0.212 11 0.0407 6 0.0054 2
18.0 - 1.18 75 0.150 ] 0.0289 6 0.0038 2
13.2 - 0.600 49 0.075 7 0.0206 5 0.0016 1
9.5 100 0.425 33 0.063 7 0.0151 4 -- -
Note: “--" denotes sieve not used and/or hydrometer analysis not tested 0.0107 4
Sieve Aperture Size (mm)
2E 83898 = 8 8 .33 22
100 e e
ol ' . ' . v L . .
90 f r . _— ' Y ot : .
o G 2 g eI A ]
I ¢ I CoL : . : : :
a 70 F .
« s N NN . . .
S eof ST :
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o i SRR ERWEN
c I . . :
8 30F 4 —h . .
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* 2 A R i B B e e e
10 . ' -—":r ' v ~ E :
’ — Il : . .
0 I ettt
0.001 0.010. 0.100 1.000 10.000 100.000
. . ' Particle Size (mm)
i T ' " . - N " very
cLayl fine 1 medluﬂ coarse fine | medluml coarse fine medium l coarse | .o
. SILT SAND GRAVEL
Test Methods o Notes
Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 30/05/06 Sampling is not covered by IANZ Accreditation
: This report may only be reproduced in full
Date Reported: 1/06/06
All tests reported herein
* A have been performed in
IANZ Approved Signatory 77 accordance with the
] i . (o] @ laboratory's scope of
Designation : Senior Civil Engineering Technician accreditation
Date : 1/06/06 o b
v aboratory
csf 2100 (8/02) Page 1 of 1
i Opus International Consultants Limited ! Fox Street i Telephone +64 7 856 2870
i Hamilton Laboratory .| Private Bag 3057 i Facsimile +64 7 856 2873
i Quality Management Systems Certified to ISO 9001 i Hamilton, New Zealand i Website www.opus.co.nz




TES .;REPORT

PARTICLE SIZE ANALYSIS (HYDROMETER: METHOD) o j

Project : Rangitaiki Stopbanks Section 4
Location : Rangitaiki
Client : Ice Geo & Civil Ltd, Papamoa
Client/Sample Ref :
Contractor :
Sample ID: HA 16 Depth: 1.60 metres
Sampled by : M. O'Halloran
Date received : 26/05/06
Sampling method : Auger
Sample condition :  As received Project No: 2-68229.82
Sample description : Greyish brown sandy SILT Lab Ref No: 06/229/004
Solid Particle Density (Ym®): 260 Assumed Client Ref:
Water Content (as received): 543 %
~_ Sieve Analysis N e 'Hydrometer Analysis ™
Sieve Size Passing Sieve Size Passing Sieve Size Passing |Particle Size| Passing jParticle Sizej Passing
{(mm) (%) (mm) (%) (mm) (%) ~ (mm) (%) (mm) (%)
63.0 - 4.75 100 0.300 99 0.0486 67 0.0075 14
375 - 2.36 100 0.212 99 0.0355 59 0.0053 11
19.0 -- 1.18 100 0.150 98 0.0265 45 0.0038 7
13.2 - 0.600 100 0.075 84 0.0196 32 0.0015 4
9.5 100 0.425 99 0.063 74 0.0147 23 - -
Note: “--* denotes sieve not used and/or hydrometer analysis not tested 0.0106 17
Sieve Aperture Size (mum)
88 B5888 =2 &8 £ w33 2 9
100 AR - S~ S = SN ~SN. B SRS L o AL B
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- _ Particle Size (mm)
: Y . N . . n ve
CLAY 7 fine medium | coarse fine | medauﬂ coarse fine Tmeduum I coarse _Jr :
SILT SAND GRAVEL
Test Methods ' Notes
Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 31/05/06 Sampling is not covered by IANZ Accreditation
This report may only be reproduced in full

Date Reported: 2/06/06 )
) . All tests reported herein
. / A have been performed in

IANZ Approved Signatory accordance with the
H ; . - o : : ) lo] @ laboratory's scope of
Designation : ~ Senior Civil Engineering Technician accreditation
Date . 2/06/06 ll\ewxnlwm'naud
) aboratory
csf 2100 (8/02) Page 1 of 1
{ Opus International Consultants Limited i Fox Street { Telephone +647 856 2870

i Hamilton Laboratory - | Private Bag 3057 i Facsimile +64 7 856 2873
{ Qualty Management Systems Certiied to ISO 9001 i Hamilton, New Zealand i Website www.opus.co.nz



PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)

- TEST REPORT
Project : Rangitaiki Stopbanks Section 4
Location : Rangitaiki -
Client : Ice Geo & Civil Ltd, Papamoa
Client/Sample Ref :
Contractor :
Sample ID: HA19 Depth: 0.80 metres
Sampled by : M. O'Halloran
Date received : 26/05/06
Sampling method :  Auger
Sample condition:  As received Project No:- 2-68229.82
Sample description : Brownish grey sandy SILT Lab Ref No: 06/229/004
Solid Particle Density (/m®): 2.60 Assumed Client Ref:
Water Content (as received): 56.6 % '
' . Sieve Analysis 1 Hydrometer Analysis
Sieve Size Passing i Sieve Size Passing | Sieve Size Passing |Particle Size| Passing | Particle Size; Passing
(mm) (%) -~ {mm) (%) (mm) (%) ~(mm) (%) (mm) (%)
63.0 - 4.75 100 0.300 99 0.0468 71 0.0074 19
375 - 2.36 100 0.212 98 0.0345 62 0.0052 16
19.0 - 1.18 100 0.150 97 0.0257 50 0.0037 11
13.2 - 0.600 99 0.075. 86 0.0188 41 0.0015 6
9.5 100 0.425 99 0.063 79 0.0142 32 - -
Note: “--" denotes sieve not used and/or hydrometer analysis not tested 0.0103 25
Sieve Aperture Size (mm)
2E 85888 = g & L3292 29
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CLAY r
SILT SAND GRAVEL
Test Methods ' - INotes
Pafticle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
pH of suspension : 8.0 Whatmans Full Range pH indicator paper

Date Tested: 30/05/06 Sampling is not covered by IANZ Accreditation
This report may only be reproduced in full

Date Reported: 1/06/06
. All tests reported herein
% A have been performed in
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'PARTICLE SIZE ANALYSIS (HYDROMETER METHOD) |
Project : Rangitaiki Stopbanks Section 4
Location : Rangitaiki
Client : Ice Geo & Civil Ltd, Papamoa
Client/Sample Ref :
Contractor :
Sample ID: HA20 Depth: 1.50 metres
Sampled by : M. O'Halloran
Date received : 26/05/06
Sampling method : Auger

Sample condition:  As received Project No: 2-68229.82
Sample description : Brownis grey silty SAND Lab Ref No: 06/229/004
Solid Particle Density (t/m°): 2.60 Assumed ClientRef:
Water Content (as received): 435 %
. SieveAnalysis | - Hydrometer-Analysis
Sieve Size Passing | Sieve Size Passing | Sieve Size Passing |Particle Size] Passing }Particle Size| Passing
(mm) (%) (mm) (%) (mm) (%) ~ (mm) (%) (mm) (%)
63.0 - 4.75 100 0.300 36 0.0564 17 0.0075 8
375 - 2.36 100 0.212 24 0.0402 15 0.0054 6
19.0 - 1.18 98 0.150 20 0.0285 14 0.0038 5
13.2 - 0.600 75 0.075 18 0.0203 13 0.0015 © 3
9.5 100 0.425 50 0.063 17 0.0150 11 - --
Note: "--" denotes sieve not used and/or hydrometer analysis nct tested 0.0106 10
Sieve Aperture Size (mm)
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CLAY oar
SILT SAND GRAVEL
Test Methods B . Notes
Particle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
jpH of suspension : 8.0 Whatmans Full Range pH indicator paper
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31/05/06
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l PARTICLE SIZE ANALYSIS (HYDROMETER METHOD)
TEST REPORT
l Project : Rangitaiki Stopbanks Section 4
Location : Rangitaiki :
. Client : ice Geo & Civil Ltd, Papamoa
Client/Sample Ref :
Contractor :
Sample ID: HA28 Depth: 3.50 metres
Sampled by : M. O'Halloran
Date received : 26/05/06
Sampling method : Auger
' Sample condition : As received Project No: 2-68229.82
Sample description : Grey medium SAND _ Lab-Ref No: 06/229/004
Solid Particle Density (/m?): 2.60 Assumed Client Ref:
I Water Content (as received): 329 %
' Sieve Analysis - ' | Hydrometer Analysis -~
Sieve Size Passing i Sieve Size Passing | Sieve Size Passing |Particle Size| Passing }Particle Size| Passing
l (mm) (%) -~ (mm) (%) (mm) (%) ~ (mm) (%) (mm) (%)
63.0 - 4.75 100 0.300 31 0.0587 6 0.0077 3
37.5 - 2.36 99 0.212 16 0.0417 5 0.0054 2
l 19.0 - 1.18 = 97 0.150 10 . 0.0296 5 0.0038 1
13.2 - 0.600 73 0.075 6 0.0210 4 0.0016 1
9.5 100 0.425 50 0.063 6 0.0154 4 - -
l Note: "--" denotes sieve not used and/or hydrometer analysis not tested 0.0109 3
Sieve Aperture Size (mm)
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l SILT SAND GRAVEL
Test Methods o ~ INotes
l Patticle Size Analysis: NZS 4402:1986: Test 2.8.4 (Hydrometer Method)
JpH of suspension : 8.0 Whatmans Full Range pH indicator paper
I Date Tested: 30/05/06 Sampling is not covered by IANZ Accreditation
. This report may only be reproduced in full
Date Reported: 1/06/06
. All tests reported herein
| 47 A have been performed in
IANZ Approved Signatory ’ accordance with the
Designation : ~ Senior Civil Engineering Technician i @ faboratery's scope of
l Date : | 1/06/06 iaboratory
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