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2.3.6 Specific Gravity 

Two specific gravity tests were performed to allow an estimate of soil porosity for the 
two major soil types of sandy silt and sandy gravel. 

2.3.7 Tests 

All tests were to the relevant New Zealand Standard where appropriate or R.P.M's in 
house method. 

2.4 SEEPAGE ANALYSIS 

2.4.1 Purpose 

The purpose of the seepage analysis was to determine the probable range of water 
pressures in the stopbanks during the "design flood". 

2.4.2 Sections Analysed 

Surveyed cross sections and contoured aerial photographs were analysised to identify 
those sections with the least width and highest flood levels. Eight sections of bank were 
chosen for full computer modelling of the transient effects of the "design flood". Five 
of these sections were in high priority stopbanks and were chosen to represent the most 
critical sections of the various stopbanks. The other three were in medium priority banks 
and were chosen to represent the most at risk section and also a typical stopbank. 

By rationalising the geomeby it was possible to represent all these sections with three 
finite element mesh models as shown on Fig 2.4.1. No berms were included in the 
models as most of the critical sections had minimal or no berm or the berm was not 
considered important influence. 

The sections analysied are summarised as follows. 

Stopbank 

Rangiuru Outlet 

Otaki Northbank 

Chrystalls 

Otaki Southbank 

-"* 

Section 

OT050 

OT120 
OT200-OT2 10 
OT5 10 

typical 

OT190 
typical (silt layer) 
typical (no silt layer) 

Model 

Mesh 1 

Mesh 2 
Mesh 2 
Mesh 2 

Mesh 1 

Mesh 3 
Mesh 1 
Mesh 1 
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FIG 2.4.1 2.4.3 Design Flood 

The "design flood" was the one percent annual probability flood event. Flood levels at 
each section modelled were provided by The Wellington Regional Council and were 
based on the calibrated RIVERS steady state model, smoothed and provided with 
superelevation where appropriate. These are shown in appendix A. 

2.4.4 Hydrographs 

Design hydrographs were provided by The Wellington Regional Council.For all sections 
other than the Rangiuru Outlet trapezoidal profiles were specified as defined in the 
following table. 

mesh 1 

(a) 

The Rangium Outlet section is tidal. The hydrograph approximates tide cycles and 
includes the design storm surge. One and three tide cycles were to be modelled. A sine 

RATE OF 
FALL 

1.25mIhr 

1.25mIhr 

wave form was chosen. 

2.4.5 Computer Modelling 

CASE 

I 

I1 

mesh 2 

(b) 

RATE OF 
RISE 

2.5mlhr 

2.5mlhr 

DESCRIPTION 

1 % flood 

0.7m < case I 

The computer modelling was camed out by Dr.David Scott of the Institute of Geological 
& Nuclear Sciences Ltd in Christchurch using the computer program SUTRA. 

TIME AT 
PEAK 

8hrs 

36hrs 

SUTRA is a computer program which simulates fluid movement and the transport of 
either energy or dissolved substances in a subsurface enviroment. It describes saturated 
and unsaturated transport in two dimensional flow systems using a 2-D hybrid finite 
element and integrated finite difference method. 

Seepage faces were modelled as high permeability surface drainage layers as SUTRA 
cannot model a seepage face as a model boundary. 

The input for the program is the soil permeability, porosity, a function which descibes 
the "soil conductivity" in the unsaturated flow regions, and a design hydrograph. 

2.4.6 Permeability 

Where possible the coefficients of permeability were derived by statisitcal analysis of the 
permeability tests conducted on the recovered samples. For the typical sandy gravels 

b found in 6 of the 8 modelled sections there were sufficient (13) permeability tests to 
-3 *e, 

allow this and Rosenbleuth's (ref. 1) point estimate method was used to choose a high and 
low permeability value. Using Rosenbleuth's method these values are one standard 
deviation each side of the mean. 

20rn 

mesh 3 



2.4.7 Porosity 

Porosity was calculated from the measured s~ecific eravitv of the soil particles and the 
field dry density. 

. 

2.4.8 Unsaturated Flow 

Flow in unsaturated regions is influenced by surface tension effects in the voids and does 
not vary linearly with pressure. In a saturated porous material, as fluid pressure drops 
below zero air will not enter the voids until a critical pressure is reached. Once this 
capillary pressure is reached saturation decreases rapidly and exponentially to a residual 
saturation where the fluid is essentially immobile. 

SUTRA allows user programmed functions to describe this flow. Saturation can be 
described as a function of negative pressure, and permeability as a function of saturation. 
A general fuction by Van Genuchten (ref.3) for conductivity in unsaturated soils was 
used as the basis to describe this flow. Flow in the unsaturated regions of the model is 
very sensitive to the exact shape of the exponential part of this function. It was necessary 
to find a function that providies a compromise between the requirement for model 
stability (ie for saturation to change relatively slowly with pressure) and the requirement 
for a realistic revresentation of unsaturated flow rates (ie unsaturated flow rates are 
expected to be negligible compared to saturated flow).   he functions chosen are shown 
in figure 2.4.2. 

2.4.9 Results 

Outputs from this program are fluid pressure and velocity plots at any time step. In the 
pressure plots shown in this report the top pressure line is the water table or phreatic 
surface and the lines below this are lines of equal pressure at 0.5m intervals. Plot files 
from the program where converted to AUTOCAD DXF files anotated and plotted as the 
report figures. These results are held on disk as AUTOCAD DWG files and all other 
output is held as AUTOCAD DXF files. 

2.4.10 Foundation Piping 
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FIG 2.4.2 
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The above pressure plots give a direct measure of the potential for downstream surface 1 

heave and possible piping of the foundation soils. 10 ' 

STABILITY ANALYSIS 
10 

2.5 
Z 10 ' 
C - 

2.5.1 Purpose Z I@ 

0 
OJ 

The purpose of the stability analysis was to check the stability of the stopbanks under the E L 1 0 "  

influence of seepage pressures. w 
Q. 10 * 
w 

Where the seepage analysis predicted positive seepage pressures at or near a downstream 10 ' 
%*\ 0 

face the stability of the slope was checked. - 
w 10 
E 

The stability of some upstream faces was also checked for seepage pressures when the 10 

flood level was falling. 10 '* 
I 

1 .o 0.5 0.1 

Saturation 



An overall base siding type failure was checked for some hanks 

2.5.2 Slope Stability Program 

'The SLOPE slope stability analysis program developed by Geosolve was used for 
aoalysis of the upstream and downstream Faces of the banks. This program has several 
methods of analysis available and Janbu's method of slices with inclined interslice forces 
was chosen. This work was performed by Eliot Sinclair & Ptns Ltd. 

Input for this program consists of the slope geometry, piezometric pressures, the soil 
strenyh and density properties. 

2.5.3 Slope Geometries 

The most critical slope geometries were selected for the sections of bank identified in 
section 2.4 

For the gravels the critical slope used was the angle of repose of the stophank material. 
In these materials most critical sections had either been placed without batter 
modification or had since been eroded at their base to form a slope at its natural angle 
of repose. 

Where the seepage analysis indicated a seepage face would form the geometry of the toe 
was modified to reflect local slumping or "flow" of the saturated gravels subject to 
downslope flow. This local instability normally shows up as a small toe slip and the 
program has to be forced to ignore this and find the next significant slip. 

It was felt to be more appropriate to estimate the modified toe shape before running the 
program.The formula for seepage down a cohesionless slope was used as a first 
approximation of a stable slope angle for this situation. This formula is as follows. 

R is the stable slope. 
Y' is the submerged unit weight. 
y is the unit weight. 

All seepage faces were modified to this slope before running the analysis. 

Piezometric Pressures 

'The piezometric pressures were defined by specifying the shape of the water tab1 
phreatic surface. The program assumes a hydrostatic pressure distribution below 
phreatic surface. Studies of the pressure plo~s in the region of the slip surfaces ~ h o  
to be a reasonable assumption. Significant variation from a hydrostatic pre 
distribution only occurred at and beyond the toe of the slope. 
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Soil Strength 

. I , he soil strength properties were chosen from analysis of the field ohservations and 

laboratory tests described in sections 2.2 & 2.3. As with the permeability properties 
statistical analysis was performed where possible using Kosenhleuth's ( 1 )  point estimate 
method of predicting probability 01' failure. 

Angle of internal friction (4)  : With the Gravels there was found to be good agreement 
hetween the field measured angle of repose of the spoil heaps and the angle of internal 
friction (b) measured in the laboratory triaxial tests. In these cases both the field and 
laboratory results were included in the statistical analysis. In the fine grained cohesive 
soils 4 was taken from the triaxial tests only. 

Cohesion (c) : All soils found in the study area had some cohesion above the water 
table. Even the gravels stood as vertical faces generally 2m or higher. No "running" 
gravels with no apparent cohesion were found in any of the pits ahove the water table. 

Apparent cohession is not normally included in calculations of stability of "cohessionless" 
materials as it is a transient property which can not be relied upon in a safe design 
situation. However in this case we are attempting to predict as close as possible actual 
failure senarios where apparent cohesion will he present. 

Because of the transient nature of this property some sensitivity analysises were done at 
lower values of cohession. 

Field measured cohesion for the Gravels was back calculated from the height of the pit 
wall when it collapsed with the following slope stability formula. 

Where H is the height of the vertical face at collapse, c cohesion, y the bulk density and 
4 the angle of internal friction. 

These tield derived values were always significantly less than the laboratory values which 
were measured on the 20mm down fraction of the sample. The field values were 
typically around Skpa and the laboratory values IOkpa or more. It was felt that this was 
mainly due to the influence of the coarse fraction which was approximately 50% of the 
sample. For this reason only the field measured cohesion was used in the analysis as it 
was felt this best represented the real soil. 

In all cases the Gravels were assumed to have no cohesion below the water table as the 
&&parent" cohesion measured ahove is caused by water surface tension between particles 

which does not exist in a saturated deposit. 'This was consistent with the observed 
hehaviour of the gravel in the pits. The side walls would not stand below the water table. 



2.5.6 Bulk Densities 

I Average field measured densities were used in all cases 

1 2.5.7 Results 

i The program automatically searches for the most critical failure surface. 

For the first case malyisied different failure surface shapes were tried including wedge 
and the circular surface was found to give the lowest result. 

For the first six cases full printout of the failure surface shape was provided and this i 
shown in appendix B. 

In all subsequent cases just the factor of safety and the slipped mass was recorded onc 
the critical significant slip surface was found. 
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