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1   Introduction 
 
There is a history of seepage problems and breaches along the Rangitaiki 
River stopbanks, the most recent breach being in 2004.  The Bay of Plenty 
Regional Council enacted the Floodway and Drainage Bylaw to control 
activities that could affect flood protection works throughout the region. This 
bylaw requires any excavation work within 150m of the Rangitaiki River to be 
assessed for possible effects on the security of the adjacent stopbank. 
Transpower are proposing to carry out a variety of excavations up to about 
20m from the inland toe of the stopbank adjacent to their Edgecumbe 
substation on Hydro Road.  The excavations are required for the 33kV Indoor 
Conversion Project.  Ice Geo and Civil Ltd has previously carried out 
assessments of the stopbank security on both sides of the Substation and has 
been engaged by the Bay of Plenty Regional Council to assess the effects of 
the proposed Transpower work. 
 
Problems with excessive seepage were experienced at the stopbank by the 
Transpower substation in a flood in July 1998.   Rock buttressing was quickly 
placed during the flood. Opus International Consultants Ltd investigated the 
area and made recommendations for a pressure relief trench which has been 
installed around the river bend within the Transpower boundaries.  Further 
geotechnical investigations were carried out by Opus in June 2014 following 
the appearance of two small tomos within the substation in March 2013 and 
June / July 3013.  Other geotechnical investigations have been carried out 
within and around the substation for the 33kV conversion project and an 
earlier project.  There is therefore a reasonable amount of subsurface 
information within and close to the substation.  The following documents have 
been used in the preparation of this report: 
 

 Opus International Consultants Ltd (June 2000) Stopbank Assessment 
Rangitaiki River, Edgecumbe. 

 Ice Geo and Civil (24 September 2004, Letter report to BOPRC) 
Rangitaiki River Stopbank: Black’s Farm (Mc Crackens Bend). 

 Ice Geo and Civil (May 2006) Rangitaiki River Stopbanks Assessment 
Section 6, Right Bank 11850 to 12300m. 

 Ice Geo and Civil (September 2008) Rangitaiki River Stopbanks 
Assessment Section 6 Addendum, Right Bank 11850 to 12300m. 

 AECOM NZ Ltd (December 2009) Edgecumbe Substation Contingency 
Spare Transformer, Geotechnical Assessment. 

 Beca Carter Hollings and Ferner Ltd (October 2011) Edgecumbe 33kV 
Outdoor to Indoor Conversion Geotechnical Assessment. 

 Opus International Consultants Ltd (February 2014) Edgecumbe 
Substation Inspection Report. 

 State Hydro Electricity Department Drawing X1439(1959), Edgecumbe 
Substation Control block and workshop buildings site plan.  

 State Hydro Electricity Department Drawing EHN 1470/20 (1958) 
Edgecumbe Substation, Contours of departmental property. 

 Aerial photo McCrackens Bend. 
 Transpower drawing TP101003 Sheets 1 and 2 Edgecumbe Substation 

33kV Switchgear building drainage. 
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 Transpower drawing TP100995 Sheets 2 and 3 Edgecumbe Substation 
33kV Indoor conversion cable layout. 

 Transpower drawing EDG – Excavations required for the 33kV indoor 
conversion. 

 
 This report presents the following: 
 

 information on the subsurface soil profile developed from the in situ 
investigations, 

 the results of laboratory tests, 
 the results of seepage analyses for a 300 year return period flood and 
 a recommendation for a modification to the trench design. 

 
This report is the property of the Bay of Plenty Regional Council, Transpower 
NZ and Ice Geo and Civil.  The comments within it only relate to the work 
associated with the 33kV outdoor to indoor conversion. 
 
The conclusions of this report are based on the interpretation of investigations 
carried out at isolated points only and limited laboratory testing.  Therefore 
there could be ground conditions which differ from those described. 
 
 
 

 
 

Figure 1: McCrackens Bend and substation site 
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2 Site Description  
 
The Transpower site lies within a bend of the Rangitaiki River as shown in the 
upper part of Figure 1.  This shows the area before major stopbank 
construction was carried out and McCrackens Bend, just upstream of the site 
was cut off and filled in. A few trees can be seen in the area now between the 
back of the substation and the stopbank.  It is likely that there were more trees 
before this photo as taken.  
 
Drawing EHN 1470 / 20 shows the ground contours early on in the 
development of the substation.  This shows a low ridge running through the 
substation area and a shallow dip between the substation and the point of the 
bend.   This geography is considered to be due to the formation of sand bars 
and channels as the Rangitaiki River formed the plains.  Figure 2 is a LIDAR 
plot of the ground levels in the substation area.  Some of the original contours 
can be picked up in this plot but it appears that some fill has been placed 
where the substation yard is closest to the river.  In this area there is a row of 
old concrete poles on the ground surrounding two soak holes used to dispose 
of stormwater from the substation.  It is possible that these poles and other fill 
material were placed to counteract uplift and heave problems during floods in 
the river as discussed in the 2000 Opus report. 
 
The contours shown in the LIDAR plot are those in 2006, prior to soil overlays 
being placed across McCrackens Bend, upstream of the Transpower 
boundary and the properties immediately downstream of the Transpower 
boundary.  1.5m of soil has been placed against the stopbank toe, tapering to 
ground level 50m from the stopbank at McCrackens Bend.  Downstream 1m 
of soil was placed to 35m of the stopbank toe, tapering to meet the ground 
level at RL4.6.  These overlays were required to reduce the risk of upper soil 
layers heaving and piping developing beneath the stopbank in large floods.  
The pressure relief trench at the toe of the stopbank behind the substation 
had been installed before this overlay work was carried out. 
 
 
3 Geology 
 
The Rangitaiki Plains are the most northern extent of the Taupo Volcanic 
Zone on land1. They lie in the Whakatane Graben (depressed block of land) 
with hills to the west, east and south. Geological studies indicate that the 
graben has been widening at an average rate of 7mm per year, with 
associated small subsidence.  The alluvial plains within 10km of the coast 
have formed only in the last 8,000 years.  They have been built up by over-
bank deposits from meandering rivers in flood, wind blown sand, airfall ash 
deposits and peat formation in depressions.  The active volcanism of the 
upper Rangitaiki catchment and the high erodibility of the volcanic tephra 
result in a large source of sediment for deposition on the plains.  The outcome 
of the plain formation processes is a wide and unpredictable variety of soil 
types and grain sizes within small horizontal and vertical distances. 
 

                                            
1 Soons, J.M. and Selby, M.J. (1982) Landforms of New Zealand, Longman Paul 
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A critical soil property for stopbank security is the permeability of the 
underlying soils.  Most of the soils in the plains are silts, sands and gravels 
with moderate to high permeability.  The rapid variation in soil types and 
layering makes it very difficult to ensure stopbank security.  
 
 
4 Subsurface Investigations 
 
The locations of the subsurface investigations carried out around the 
substation for this report and prior studies are shown marked up on Figure 2. 
The logs of the investigations are included in Appendix A. 
 
Opus International Consultants carried out some subsurface investigations 
around the substation after the 1998 floods.  These investigations consisted of 
two boreholes to about 7m depth at the toe of the stopbank (OBH6 and 
OBH7) and ground penetrating radar surveys.  The soils were found to be silt 
overlying silty fine sand, medium to coarse grained sand, loose pumiceous 
gravely sand and sandy silt.   
 
A 15m deep borehole was drilled through the stopbank just downstream of the 
substation by the Regional Council (BH1).  Surface silt layers were found 
overlying, silty fine sand, medium to course sand and a complex layering of 
pumice gravel and silt. Clayey soils with some organics were found below RL-
4.8 and organic silt at RL-7.1. 
 
AECOM drilled one borehole to 20m depth (ABH1) and carried out five cone 
penetrometer tests (CPT) around the substation (AC1 to 5).  The borehole 
was between the substation and Hydro Road. A 4.5m thick layer of coarse 
gravelly sand was found at 2.9m depth.  This was underlain by layers of sand, 
silt and clayey silt. An organic clayey silt was found at 18m depth.  
 
Beca also drilled one borehole to 24.5m depth (BBH1) and carried out five 
CPT tests at the site of the proposed conversion building (BC1 to 5). Among 
the layers of sand and silt a 200mm thick layer of organic silt was found at 4m 
depth, a 5m thick layer of clayey soil was found at 9m depth and the same 
organic clayey silt layer as in the AECOM hole was found at 17.9m depth.  It 
can be seen from these two boreholes that although the deep organic layer is 
consistent the layers above it vary significantly in depth and thickness. 
 
The three boreholes around the switchroom and workshop shown on Drawing 
X1439 show a peat layer between 400 and 800mm thick at 5.1 to 5.4m depth 
(E1 to 3).  The remainder of the soils are described as pumice and sand, with 
no particle sizes given.  The identification of this upper peat layer is useful as 
it can be used as a marker bed to show the dip on some of the soil layers. 
 
Opus carried out two hand augers to 4m depth in the tomos (AS1 and AS2). 
The surface silty soils were found to directly overlie the upper peat layer at 
only 2.5 to 2.6m depth.  Medium to coarse sands only appeared below the 
peat layer.  
 
Nine further hand augers were carried out to about 3.5m depth for this report 
in the areas of the proposed trenches and foundations.  These typically 
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showed surface silt, over silty fine sand, medium to coarse sand, fine pumice 
gravel and gravelly sand.  The only peat found was a very thin layer at 3m 
depth at the HA7 location.  This is considered to be the same layer as in AS1 
and AS2.  The three tests are possibly in the old depression shown on 
Drawing EHN 1470/20, whereas HA6, just to the south may be at the edge of 
the ridge. 
 
Constant head permeability tests were carried out in the upper silty fine sands 
in hand augers 3 and 8.  The calculated permeabilities were 3.3 x 10-6 and 2.1 
x 10-6 m/s.  It was assumed that the horizontal permeability was equal to the 
vertical as there was no obvious layering in the hand augers.  An earlier falling 
head test in the same sand just downstream gave a permeability of 3.6x10-

6m/s.  There is therefore reasonable consistency in the results. 
 
 
5 Laboratory Test Results 
 
Hydrometer particle grading tests were carried out on six samples from the 
hand augers to provide information on the permeability of the soil layers 
(Appendix B).  The grading test results are summarised in Table 1.  The 
permeabilities given are estimates based on the Hazen formula: 
 

k=c*D10
2 (m/s) 

 
where the value of c is dependent on the coefficient of uniformity2 D60/D10. 

 
 

Table 1:  Particle Grading Results 
 
Sample Description D10 

(mm) 
D60 

(mm) 
permeability

HA2 2.0m medium to coarse sand 0.18 0.60 2.9 x 10-4 m/s

HA3 0.9m silt    
HA3 2.5m medium to coarse sand 0.19 0.70 3.3 x 10-4 m/s

HA9 0.9m medium to coarse sand 0.22 0.90 4.4 x 10-4 m/s

HA9 2.5m well graded sand 0.05 0.22 2.3 x 10-5 m/s

HA10 2.3m gravelly medium to coarse 
sand 

0.2 1.1 3.2x10-4 m/s 

 
 
These test results have been used in conjunction with the results from other 
laboratory and in situ tests from along the river to estimate the permeability 
characteristics of each soil type. 
 
 
 
 
 
 
                                            
2 CIRIA C731, The International Levee Handbook,Table 7.112 
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6 Analyses 
 
6.1 Tomo formation and internal erosion 
 
Possible mechanisms for the formation of tomos near the stopbank include 
the following: 
 

 The initiation or complete formation of a pipe under the stopbank due to 
high hydraulic gradients when the river level is high. 

 The collapse of surface soils into voids formed by the ejection of soil 
from sand boils following the 1987 Edgecumbe Earthquake. 

 The collapse of surface soils into voids formed by the rotting out of old 
stumps. 

 The activities of rabbits. 
 The movement of fine soil particles into voids within a coarser grained 

soil. 
 
The silty fine sands just below the surface silts at the site are particularly light 
and fluffy and have been observed to be favoured by rabbits.  In some areas 
clayey overlays have been placed over the silty sands to dissuade the rabbits. 
There are some tomos beyond the substation fence which are considered to 
be due to rabbit activity.  It is thought that the tomos within the substation are 
unlikely to be caused by rabbits due to the gravel surface. 
 
As there is peat above the normal ground water level at the tomo locations 
and an absence of peat towards the river, it is considered unlikely that the 
tomos are due to the development of sand boils.  Sand boils are more likely to 
have occurred where flow to the surface was unimpeded by a layer with some 
cohesion. 
 
As Opus noted in their tomo report (2014) the river level did not rise above the 
toe of the stopbank during the period before the observation of the tomos.  
There was however a reasonable amount of rain.  From October 2012 to 
March 2013 about 300mm or rain was recorded at Te Teko, much of it in 
concentrated periods. Nearly another 300mm fell in May and June 2013 and 
another 150mm in July.  As the tomo locations are down slope of the 
surrounding ground there may therefore have been a reasonable depth of 
water ponded on the ground surface at times. 
 
The particle grading information from the tests discussed above and other 
grading tests from the previous stopbank investigations have been used to 
assess whether soil particles from one layer can wash into a coarser layer. 
Standard filter grading criteria have been used3.  It appears from the analyses 
that the upper silt and silty fine sand should not wash into the medium to 
coarse sand found beneath it.  Although no grading curve is available for the 
coarse pumice sand / fine lapilli layer, observations of the soil on site suggest 
that movement of fines through this layer is possible. 
 

                                            
3 CIRIA C731, The International Levee Handbook, Tables 8.22 and 8.23 
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It is proposed to fill the upper part of the cable trenches for the 33 kV 
conversion project with GAP40 aggregate.  The majority of the trenches will 
be within the upper silty fine sand layer. Comparison of the standard GAP40 
grading with that of the silty fine sand showed that if the GAP40 grading is on 
the coarse side of the allowable envelope some fines could be lost from the 
silty fine sand into it.  An earth strap was observed in the tomo at the AS2 
location.  If the earth strap trench was backfilled with coarse aggregate there 
could have been some movement of fine soil into it, although the tomo 
extends below the earth strap. 
 
A comparison was made between the silty fine sand grading and the average 
GAP20 grading.  It was found that the GAP20 should act as a filter allowing 
water movement but not that of soil particles.  It is therefore recommended 
that the trenches be backfilled with GAP20, rather than GAP40. 
 
It is not clear from the analyses discussed in the following sections which of 
the formation mechanisms could be the cause the tomos within the 
substation.  It is considered that the tomos should be excavated out and 
investigated during the 33kV conversion work. 
 
 
6.2 Seepage Analyses 
 
The possibility of seepage from the river causing the tomos and problems 
associated with the proposed 33kV conversion work has been assessed using 
the Geo-Slope Seep/W (2012 Version) computer programme. This is a two 
dimensional programme therefore three dimensional effects, such as lateral 
changes in the soil profile, the presence of an impermeable surface of given 
width or flow across a river bend, can not be accurately modelled.  The 
seepage analyses carried out must therefore be considered indicative only.   
 
The two problems being investigated are heave and piping.  Heave is 
indicated when the water pressure beneath a low permeability soil layer or a 
structure is higher than the weight of that layer or structure.  Uplift and a rapid 
loss of soil can be caused leading to a pipe forming under the stopbank and 
potential complete stopbank collapse. Piping occurs when the hydraulic 
gradient at the ground surface is sufficient to wash soil particles out, leading to 
the formation of a pipe.  It is considered that hydraulic gradients should be 
kept below 0.4 in the light pumice soils in this area to reduce the risk of piping 
initiating.  Once it has initiated gradients as low as 0.1 could maintain pipe 
formation. 
 
Seepage of only small volumes of water from the ground surface can 
significantly reduce the uplift pressures on a surface layer with a lower 
permeability than those underlying it.  Seepage from the ground surface inside 
the stopbank has therefore been allowed, except under structures. The 
increase in uplift pressures below impermeable surfaces is significant 
compared to the adjacent permeable ground surface.  The build up in water 
pressure below a structure can lead to high hydraulic gradients around the 
edge of the structure.   
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Four cross sections through the stopbank and various trenches and structures 
relating to the 33kV conversion project, as marked up on Transpower drawing 
EDG – Excavations required for the 33kV indoor conversion, have been 
analysed.  The locations of the cross sections are marked up on Figure 2.  
The sub surface investigations close to the cross sections have been used to 
develop the soil profile at each cross section and these are included in 
Appendix C.  
 
 
6.2.1 Flood Hydrograph 
 
As the substation is a critical structure the design standard for the stopbank 
adjacent to it has been taken as a 300 year return period flood. Due to the 
nature of the soils in the Rangitaiki Plains steady state bank full analyses of 
the stopbanks lead to unacceptable piping and uplift pressures in many 
places; therefore transient analyses are necessary. The Regional Council has 
provided an estimate of a 300 year return period flood flow hydrograph for the 
Rangitaiki River at their benchmark number 31.  This is a 13 day hydrograph 
which rises to a peak well above the top of the stopbank.  It has been 
assumed in the analyses that the river will over-top the stopbank away from 
the substation and will be lapping at the top of the stopbank for two days.  The 
truncated hydrograph used in the analyses is shown in Figure 3. A four hour 
time step was used in the analyses.   
 
The initial ground water levels were taken as RL2.7 in the river and RL3.0 
inland.  The water level measured at the time of the hand augers was about 
RL1.3. This was after a relatively dry period; the ground water level during a 
300 year return period flood is likely to be considerably higher. 
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Figure 2: Truncated 300 year return period hydrograph 
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6.2.2 Soil Model 
 
The soil layers found in the hand augers and boreholes have been simplified 
for the seepage analyses.  In particular the complex soil layering below the 
upper peat layer has been modelled as one layer with different horizontal and 
vertical permeabilities.  The basement soil has been considered to be the 
clayey silt found at depth as layers beneath this will have little influence on the 
substation area. Boreholes through the stopbank show the layering resulting 
from compaction processes, therefore different vertical and horizontal 
permeabilities have been assumed in fills. 
 
Soil permeabilities have been estimated from previous particle grading and 
permeability tests. Table 2 summarises the saturated permeabilities assumed.  
These are similar to the permeabilities used by Opus in the analyses carried 
out in 2000. 
 
 

Table 2: Assumed Soil Permeabilities 
 

soil kh (m/s) kv (m/s) 
stopbank fill 4 x 10-6 2 x 10-6 
surface silt 5 x 10-7 5 x 10-7 
silty fine sand 4 x 10-6 4 x 10-6 
medium to coarse sand 3 x 10-4 5 x 10-5 
well graded sand 3 x 10-5 3 x 10-5 
coarse sand / fine lapilli 5 x 10-4 1 x 10-4 
layered sand and silt 5 x 10-5 5 x 10-7 
clayey silt / peat 5 x 10-8 5 x 10-8 
drainage metal 1 x 10-2 1 x 10-2 
GAP20 2 x 10-3 2 x 10-3 

 
 
6.2.3 Cross Section 1 
 
This cross section passes across the overlay downstream of the substation 
and two sections of the proposed trenches.  The subsurface profile suggests 
an old buried coarse sand levee in the area of BBH1. The upper peat layer 
has been assumed to end at HA7.  
 
The initial 300 year return period flood flow analysis showed that no problems 
are expected along this cross section.  Trench A should be within the silty fine 
sand layer whereas Trench B may intersect a medium to coarse sand layer.  
During the 300 year flood water could come up into Trench B and may flow 
out at a rate of about 1 litre per metre of trench per hour.  No problems are 
expected.  
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6.2.4  Cross Section 2 
 
This cross section passes through several section of trench, the main 33kV 
conversion structure and the soak pit.  It was also used to assess excavation 
H and a representative manhole. The cross section passes close to the AS1 
tomo but it has been assumed that the subsurface profile is governed by BH1 
and HA6, which do not show the peat found in AS1.  It can be seen from the 
LIDAR plot that the cross section is through ground that was slightly lower 
than at the AS1 location prior to the placement of the overlay. 
 
An initial transient analysis of the 300 year flood indicated that there should be 
no problems along this cross section.   
 
An analysis carried out with Foundation E excavated showed that water could 
rise into the base of the excavation when the river level approaches the toe of 
the stopbank (RL5.0).  At this level the factor of safety against heave of the 
base of the foundation is about 1.2; therefore care should be taken if the river 
rises in the excavation phase. Excavation should not be carried out if there is 
heavy rain in the long range forecast.  In the worst case if the excavation is 
open and the river rises before concrete is poured the hole may need to be 
temporarily backfilled.  Once the concrete foundation is in place the uplift 
pressures beneath it and the flow gradients up the side of the foundation 
should not be high enough to cause problems.  It has been assumed that 
there will be no problems with the adjacent shallower foundation H.  Similarly 
no problems are expected with the manholes. 
 
The water level will rise to the ground surface at the locations of trenches C 
and D at the height of the 300 year flood. The hydraulic gradient into the 
trenches could be as high as 0.6; therefore it is recommended that the 
trenches be filled with GAP20 as discussed above to prevent the loss of fine 
soil particles. 
 
There was some concern that water would flow from the proposed soak hole 
(structure G) at the height of a flood; however an analysis showed that it is far 
enough from the river to prevent large inflows.  The soak hole was modelled 
down to the high permeability pumice gravel layer in case this layer is 
encountered during installation. 
 
 
6.2.5 Cross Section 3 
 
This cross section passes close to the tomo at the AS1 location and across 
two trenches at locations J and K.  It is through the section of stopbank 
containing the toe drain but without the overlay.  According to the Opus (2000) 
report the drain is 2m deep.  The BH1 soil profile has been assumed at the 
stopbank, not the Opus BH7 profile. The upper peat layer was assumed to 
end at AS1.  This cross section shows a thicker layer of silt at the ground 
surface, possibly the result of the original depression in this location. 
 
If the upper peat layer ends near the AS1 / AS2 location any water draining 
down from the surface will flow inland along the peat layer or towards the river 
and down off the end of the peat layer.  There is a shallow depression at the 
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AS1 location which would pond water and concentrate downwards flow.  It is 
not known if the depression was there before the tomo developed or is the 
result of a bigger area of lost soil beneath the ground surface.  The reason for 
the absence of the coarse sand and gravel layers in this area is unclear but 
may simply be due to natural river deposition and erosion processes.  If there 
is a gravel layer close to the tomos the ponding of water at the ground surface 
may provide sufficient water pressure to wash fines into the gravel.   
 
An initial transient analysis with the 300 year return period flood indicated that 
even with the toe drain in the stopbank there could be problems with heave of 
the upper silt layer and high hydraulic gradients at the ground surface 
between the stopbank and the substation fence.  Once beyond the fence the 
uplift pressures and gradients diminish.  It is likely that Opus designed the 
drainage system for a 100 year return period flood, not a 300 year return 
period flood as this has been a more recent requirement.  The model was 
checked with a pumice gravel layer above the upper peat at the AS2 location 
to allow for the three dimensional effects of water possibly flowing through 
gravel layers from upstream and downstream.  The expected flow from the toe 
drain at the peak of the flood could be in the order of 100 litres per hour per 
metre of trench.  It appears that this water will flow into the substation. 
 
The analysis of the 300 year return period flood showed that water will flow 
into and out of Trench J.  This trench therefore should be filled with GAP20 to 
prevent the loss of fines. 
 
A preliminary analysis was carried out adding an overlay to the ground 
surface between the stopbank and the substation fence.  An overlay starting 
at RL5.8 at the stopbank may provide some margin against uplift but the 
hydraulic gradients still appear a bit high near the substation.  This analysis 
relied on the outlet of the toe drain being at its present level. One advantage 
of the overlay is that it should dissuade rabbits from burrowing, however it will 
promote more run off into the substation and a concrete channel along the 
fence line leading to a pumped drainage sump may be required.  This may be 
advisable even without the overlay to capture the flow from the toe drain 
before it enters the substation yard. 
 
Another analysis was carried out with a row of pressure relief wells between 
the stopbank and substation fence.  This showed that uplift pressures and 
hydraulic gradients could be reduced to reasonable levels.  These wells may 
be hard to locate due to the overhead and underground cables in the area and 
they do not help the rabbit problem. 
 
It is recommended that as-built information on the toe drains be sought and 
possibly more subsurface investigations carried out to confirm whether further 
remedial measures are required between the stopbank and the substation and 
which is the most practical option. 
 
 
6.2.6 Cross Section 4 
 
Cross Section 4 was developed to investigate foundations L and M. A 
combination of Opus boreholes 6 and 7 was used to define the deep soil 
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profile near the stopbank, the AECOM borehole was used on the far side of 
the substation and AC3 in the middle of the profile.  The ground level at the 
time the Opus boreholes were drilled is unknown so this profile may not be 
very accurate.  The contour of the coarse sand / gravel layer suggests a 
typical erosion pattern across a bend.  The only upper peat layer indicated 
was at the AC3 location, where it is about 500mm thick. 
 
An initial 300 year return period flood flow analysis suggests problems with 
high uplift pressures and hydraulic gradients between the stopbank and the 
substation fence as with Cross Section 3. 
 
No problems with high uplift pressures or hydraulic gradients are expected at 
the two foundations. 
 
 
7 Recommendations 
 

1. Excavation of the structures extending below 2m depth should not be 
carried out if there is a bad long term weather forecast.  If flood 
conditions develop in the river when deep excavations are open, they 
should be temporarily backfilled. 
 

2. The tomos within the substation should be excavated out and 
investigated during the 33kV conversion work then backfilled in 
conjunction with the adjacent trenches. 

 
3. The upper part of the cable trenches should be backfilled with GAP20 

aggregate rather than GAP40 to prevent the loss of fine soil particles 
into the trench backfill. 

 
4. As-built information on the stopbank toe drains should be sought and 

further subsurface investigations carried out to determine if remedial 
work is required between the stopbank and the substation. 

 
5. A concrete stormwater channel along the substation fence line would 

reduce stormwater flows into the substation in normal and flood 
conditions.  A pumped sump may be required to dispose of the water. 

 
 
 
 
 

 
 
 

 
 
M. O’Halloran      24 August 2014  
BE, PhD, Dip BA, MIPENZ (Geotechnical), CPEng, IntPE 
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Particle Grading Results 
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Soil Models 
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