
From samples recovered by borehole, the bedrock is an argdlite which is 
competent and exhibits much the same characteristics as that in the left bank 
upstream of the bluff. The presence of competent basement material even though 
friable, is sufficient to present an effective boundary of bed degradation within the 
lifetime of the structure. 

It can thus be expected that the natural regime will maintain current levels at the 
bluff except in an extreme flood event. Gravels could be replaced easily after a 
major flood to reinstate operating levels for the intake. 

On the evidence of the above, it is considered that the bluff presents most 
favourable circumstances for an intake possessing both stability of river levels and 
scour holes providing suitable submergence of up to 4 metres or more. Such 
submergence will give a reasonable contingency of approximately 2 metres against 
(unexpected) bed degradation 

The intake will best be located in a zone of deep scour that is not normally subject 
to encroaching bed material. From the factors described previously the intake is L. 

best located in the immediate vicinitv (either uostream or iust downstream) of the n < .  A " 
projecting part of the bluff (Figure 7 & 12), where the scour holes are deep and 
naturally stable. 

3.6 MINIMISING'SEDIMENTS IN ABSTRACTED WATER 

The river gravels observed in the bed of the Hutt River are unusual in that 
generally they are of predominantly large size with few small gravels and sand 
sizes. This has given rise to the hypothesis that provided the large gravels are 
excluded from the intake, there may be no need to construct downstream settling 
facilities following abstraction. As this would lead to significant saving to the 
project cost, the sediment transport characteristics of the river require careful 
consideration. 

The following discussion examines the size of material which it is desirable to 
exclude from the downstream facilities, the nature of sediments and sediment 
transport in general, and means available of excluding sediments from intakes. 
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3.6.1 MAXIMUM SIZE SEDIMENT TO BE ABSTRACTED 

For the purposes of intake conceptual design, it is considered acceptable if all 
solid particles 0.5 mm and larger are removed from the water prior to the pumps 
delivering to the lakes (or treatment plant). This is a somewhat arbitrary size 
based on experience of the Waikanae and Levin intakes amongst others. 0.5 mm 
sand particles should not result in frequent replacement of pumps' wearing parts 
and 0.5 mm is the smallest readily settleable size without the need for very large 
settling tanks. From experience this size provides a reasonable balance of cost of 
pump replacement against shuctural cost of settling facilities. 

3.6.2 HUTT RIVER SEDIMENT - CARRYING CHARACTERISTICS 

A river will carry sediment in three different forms. 

Very fine material once mobilised clouds the water giving it a murky appearance. 
The murkiness tends to remain in suspension even after a considerable settling 
period in quiescent conditions. The murkiness is measured in terms of turbidity 
in units which measure its ability .to pass light. It is a measure of the degree of 
opaqueness of the water (not to be confused with colour, which is more permanent 
and usually due to chemical effects from plant matter). Generally, the Wellington 
Regional Council will seek to avoid abstracting water of significant turbidity since 
it is inherently of poorer quality which preferably should be kept from the lakes. 

There is larger sediment which becomes suspended in the water by the general 
turbulence and which will settle in quiescent conditions. In a turbulent state this 
sediment will contribute to turbidity but will upon settling have no effect on 
turbidity. 

There is larger sediment again which is not mobilised into suspension but moves 
along the bed because of drag forces created by the horizontal velocity of the 
water. As velocity increases, the size of bed material mobilised increases and the 
bed load will contain a range of sizes moving as a layer over the bed. Eventually 
as the river reaches higher floods, the smaller material transfers into general 
suspension because of turbulence. 

Under the Wellington Regional Council's proposed operational regime water will 
be abstracted only at times when river water contains no turbidity from either of 
the first two sources. However, the mobilisation of bed material to move as bed 
load is unrelated to threshold river flows that result in general suspension of solids 
producing turbidity. The slope of the river bed, availability and size of bed 

material, and river velocity determine the river's characteristics in bed load 
movement. If bed material was well graded (a full range of silt, sand and gravel 
sizes) then bed load movement would be present under all river flows with larger 
material becoming mobilised into the bed load matrix as flow increases. The 
evidence from the gravels visible in the river channel is that gravels are 
differentiated to generally large sizes and that there is an unusual absence of silts, 
sands, and fine gravels. This is explained by the observations made previously 
that the river's capacity for carrying sediments is under-utilised due to a deficit in 
replenishment of material from upsmam erosion sites. 

As a result the smaller sizes tend to be transported more rapidly downstream. The 
situation is however highly dependent on the number and size of the erosion sites. 
An exceptionally large flood or other event opening a large erosion site could 
change the current regime. It  is judged likely that "slugs" of bed load will move 
downstream from time to time during normal flows and it is possible smaller 
amounts may be continuously moving. 

The Wellington Regional Council has considerable experience of operating the 
Kaitoke intake, and although the system incorporates grit traps at the weir and at 
the screening chamber, (the latter constantly discharging), there is a general 
perception that bed load material is minor during times of low river water 
turbidity, evidenced by the largely trouble free abstraction from Kaitoke over 
many years. 

Gravels up to 50 mm size did penetrate to the (first) tunnel, however, when an 
attempt was made to operate the intake at higher stage height than normal but 
there is no recorded data on the flow conditions or sediment abstracted. 

The Hutt River at Te Mama takes its flow from the Hutt River above the Kaitoke 
abstraction, the Pakuratahi tributary and a number of minor tributaries. The 
catchment of the Pakuratahi is significantly different from the Hutt River above 
Kaitoke. Whilst the Hutt River has a controlled, unpopulated, bush clad and 
relatively unaltered catchment, the Pakuratahi catchment is partly deforested, 
farmed, and grazed by farm animals. Thus, it has potential for more sustained 
erosion and could contribute more sediment than observed at Kaitoke. Although 
this is partly offset by the generally lower rainfall and altitude of the Pakuratahi 
catchment, such sediment, if present, potentially has significance for an intake at 
Te Marua. The absence of data makes such considerations important, even if 
speculative. Discussion of bed load in relation to intake performance follows in 
Section 3.6.3. 



3.6.3 SEDIMENT EXCLUSION FROM THE INTAKE 

The Wellington Regional Council will operate the intake only at times of low 
turbidity in the river water The intake will not be required to cope with 
significant material in general suspension, however at times when the intake is not 
in service, it provides quiescent conditions and sediment will settle in areas subject 
to stray currents from the action of water flowing past the inlet. hovision for 
removal of settled material from such areas has therefore to be considered in 
intake design. 

Bed load if present at times of abstraction, will still have to be accommodated. 
The important elements in identifying risk of abstracting bed load sediment are 
location of the intake and the relationship between intake entry velocity and river 
flow velocity. 

Location of Intake 

River water forced into curvature by a bend in a river or a groyne or bluff object 
against the river bank, induces secondary currents which move in a spiral fashion 
across the direction of main current flow, the current being towards the centre of 
curvature at the river bed and away from it at the surface. 

At a bend in the river, an intake placed on the outside of the bend will tend to 
have bed load sediment moved away from it, provided that the river flow 
curvature is sufficiently developed to induce the strong secondary currents fully. 
In the case of the bluff at Te Mama, an intake located towards the end of the 
projecting part of the bluff on its upstream side will make maximum use of this 
effect. At normal river flow, river flow velocities are low and the secondary 
currents are therefore weak. At higher flows and flood flows, the secondary 
currents will be much more effective. 

Downstream of the bluff, the bay in the shelter of the bluff is subject to back 
eddies caused by flow past the bluff, and strong transverse currents which disrupt 
the secondary current regime and reverse the movement of bed load material. The 
variability of bed profile and beach formation in this area is evidence of the 
instability of the bottom currents. This effect consequently lends weight against 
the choice of location of an intake in this area. (Figure 13) 
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Relationship Between Intake Entry Velocity and River Flow Velocity 

Where the river flow velocity is high the induced secondary bed current due to 
flow curvature is strong. Provided the opposing current represented by the 
transverse flow due to the intake abstraction is less than the secondary current due 
to the flow curvature, the bottom bed load sediments will continue to move away 
from the intake. If this is not the case and river flow velocities are low compared 
to intake velocities, then the bed load current may be reversed and sediment drawn 
into the intake in spite of favourable flow curvature. As soon as conditions of 
river flow increase, the intake effect will be overcome by the secondary current 
due to curvature, and bottom sediments will be excluded from the intake. 

Because of the low flow velocities at the bluff at normal and low flows, it is 
considered that there is a danger of bed load being drawn into the intake because 
of the weak secondary current. The flow at which this effect will be reversed 
cannot be calculated and can only be determined with accuracy by a model study 
but is probably in the range 5 m3/sec < Q,,, < 20 m3/sec. 

The above considerations are important in assessing the likely effects of an intake 
qhcn bed load sediment in the river at Te Marua. With no data on the sediments 

likely to be mobilised in bed load, and with the possibility of new sediments being 



introduced after a major flood event, there is considered to be a risk that such 
sediments may be abstracted with the water within the flow range of the river 
during which it is expected most abstraction will take place, i.e. between 5 m3/sec 
and 20 m3/sec. Whilst it is possible to build a clearance of intake invert above the 
river bed, there is a tendency of bed load to move in slugs which could reach well 
above bed level. 

If this risk is not acceptable it will be necessary to provide other means of 
preventing undesirable. sediment entry before the delivery of water to the pumps. 

3.7 PRESERVING FISH LIFE 

The principal effects of an abstraction on resident populations of fish are the loss 
of fish from the river or stream either through physical abstraction or impingemen 
(resulting in death) or the loss or reduction in the downstream habitat as a resul 
of the reduced flows caused by the abstraction. 

Impingement and Abstraction 

Fish become trapped against intake screens or drawn into the abstracted wa 
because they are unable to initiate avoidance reactions and swim away from 
intake area. This would be caused by the intake velocity exceeding the esca 
velocity (swimming speed) of the fish andlor the fish being captured in a body 
water when the abstraction is suddenly initiated. 

Assessment of the swimming abilities of a range of native fish, including white 
(juvenile galaxiids), juvenile eels and bullies indicates that these fish are ab 
swim upstream into current velocities of not greater than 0.3 m/sec. It is gener 
accepted therefore that if intake velocities are less than 0.3 m/sec, small fish 
the species that migrate up the Hutt River, will be able to escape from the int 
area and not be abstracted. Such an intake velocity will also prevent the rem 
of small trout. 

In general, intake structures are screened primarily to prevent debris from ent 
and damaging the pumps but also to exclude fish. The spacing that is used 
number of hydro schemes to prevent fish from entering the turbines is 30 m 
less. In the Hutt River this spacing will prevent the larger resident brown 
and eels from using the intake as a refuge. Such larger fish will not be 
by an intake velocity of less than 0.3 m/sec. 
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