




13.4.3 Grill Design Criteria 

Bar Spacing 

For safety purposes, 200 mm shall be the normal clear 
space between bars to prevent accidental passage of a 
child into a line. Spacing needs to be reduced to 100 
mm if it is necessary to exclude a small determined 
child. Bars should also be stiff enough to prevent 
bending sideways. 

For debris separation, spacing should be no more than 
40 % of pipe diameter, with a maximum of 200 mm. 

Grills protecting pumps should have an opening 
related to the size of particle that the pump can pass. 
This may be as little as 30 mm. 

Grill Area 

Grill area should be large enough to hold all trapped 
debris, without blocking, until staff can clear it during 
a storm. The amount of debris will be influenced by 
the nature of the catchment (e.g. areas with bush can 
generate quantities of floating branches and twigs 
during a storm). Debris arriving at a grill will be 
substantially reduced if a debris rack (refer back to 
Table 13-2 for the definition of a debris rack) can be 
installed further upstream. 

Suitable grill areas range from two to ten times the 
cross-sectional area of the conduit being protected, 
depending on the likely debris quantities and the 
consequences of blockage. 

Economic sizing of a grill involves weighing the cost 
of a large grill against the cost of damage that would 
result from its blockage. 

Clearing 

Grills should be shaped and located to make clearing 
as easy as practicable during storms. A suitable 
platform for maintenance personnel and safe access 
should also be included. 

Sloping grills with bars in a vertical plane tend to 
be easy to rake. Meshes should be avoided. If large 
debris is expected, consider some form of slipway to 
ease hauling debris from the channel. 

If a grill is hinged to allow for access and clearing, it 
should be heavy enough to require a 50 kg (500 N) 
opening pull as a safeguard against its being opened 
by small children. 

All grills should be fixed in a manner that allows 
ready removal with simple tools and readily available 
machinery. For example, Figure 13-15 shows a grill 
resting on hooks along the top edge and the low 
edge sitting on a submerged concrete sill set into the 
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streambed. Table 13-3 suggests some lifting limit s at 
varying distances from a point accessible to the side 
of a hoist equipped truck. Note that the necessary lift 
is substantially increased if the grill is loaded by debris 
and trapped water. 

Secondary Flow Path 

A safe secondary flow path in the event of grill 
blockage must be identified as part of the design. 

Structural 

A grill should be strong enough to withstand any 
hydrostatic pressure that could be generated if it 
becomes blocked, as well as any forces arising from 
routine maintenance and clearing. 

Partial blockage of a grill can cause a build up of 
water, and measures should be taken to avoid scour 
from the resulting 'water fall' or water jetting. 

Table 13-3: Truck hoist li ft ing limits at varying distances 
from a point accessible to a host equipped truck. 
I 

Distance (metres) Load (tonnes) 

0.8 1.9 

1.7 1.3 

2.5 1.1 

Figure 13- 15: The fi rm stream base and shall ow water 
allows cleaning of this grill from below while standing in the 
stream. The top edge of the grill rests on hooks all owing 
Simple removal of the grill . Steamwharf Stream grill over 
the culvert at Ferry Road. 
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13.5 Floodgates and Flap Valves 
Gate structures, including floodgates and flap valves, 
are often required at the outlet of drains to prevent 
or minimise backflows in situations where property 
damage is likely if backflow occurs. This commonly 
occurs with low-lying land in Christchurch where 
discharge is to a tidal waterway. 

Despite the best efforts to date, it should be noted that 
it is not possible to always achieve a full seal and that 
some flooding inconvenience and property damage 
may still occur. To minimise this problem: 

The number of outfalls requiring gates should be 
minimised where possible. 

Back up secondary gates/valves may be required. 

The ability of a gate to seal around debris should 
be taken into account. 

Storage upstream of the gate may be required to 
provide for minor leakage. 

Aim for a minimum 150 mm clearance beneath 
the gate lower edge and the bed below. 

Provide generous edge clearance between the gate 
and side wingwalls, as long debris (e.g. sticks, logs, 
etc) can catch easily. 

Smaller flap valve systems should be positioned 
within manholes or inspection chambers, that are 
clear of the outfall water margin where either 
wave action, current, or debris could reduce the 
effectiveness. 

Allowance must be made for future sedimentation. 
Where sedimentation is likely to accumulate to 
prevent the free operation of the gate or valve, a 
secondary gate must be installed, or consideration 
given to pumping. 

Valves and vertical gates must be double hinged 
with a slope of at least six degrees from the upper 
hinge point to the gate centre of mass to maintain 
a positive closing force, even with no flow. 

All valves and gates must be constructed from 
saline resistant permanent materials. 

Siting and orientation of outfalls, relative to wind 
and tide, is important in order to avoid debris 
building up around the outlet. 

Notwithstanding the best efforts to prevent backflow, 
the designer shall assess the consequences of any 
malfunctioning. 

13.5.1 Low Flows 
Design must allow unimpeded low flows. This may 
necessitate the provision of twin gates (one large, one 
small); the smaller gate being for low flows, the larger 

gate for flood flows. The provision of twin gates 
will reduce the chance of debris fouling the seals 
of the larger gate, which would otherwise result in 
significant leakage. 

13.5.2 Storm Flows 
Gate structures and flap valves must be reliable during 
storm flows and allow unimpeded discharge. Where 
debris build-up is possible, both in front and behind 
any gate, debris traps upstream and downstream 
should be installed. 

The outfall structure must be designed for scour 
protection, particularly where head can build up 
behind a gate prior to opening. 

13.5.3 Small Outfalls 
Smaller pipes (450 mm diameter or less) should be 
fitted with cast iron or cast bronze flaps. A slope of 
at least six degrees is required from the upper hinge 
point to the gate centre of mass to ensure positive 
closure. As small initial leakage can prevent the 
development of sufficient hydrostatic head to seal the 
flap, soft rubber seals should always be fitted. 

Alternative designs, utilizing sinLple heavy rubber 
flaps, which operate within manholes or inspection 
chambers, may be considered. 

The need to provide passage for fish is usually not 
an issue with small outfalls, although it would be 
advisable to approach the Parks and Waterways Unit 
for confirmation of this. 

Where appearance is an issue, it is usually preferable 
to site the flap valve within a manhole. 

13.5.4 Large Outfalls 
Larger floodgates can be made with treated timber, 
steel, or aluminium, however care must be taken to 
control warping. They may also be fitted with soft, 
synthetic sealing strips. Debris is a common cause 
of malfunction, and the use of protective grills, or the 
use of two gates in series should be considered. 

Large floodgates can be either top hung or side 
hung. While the side hung gate is usually harder to 
construct, it can pass floating debris more readily, as 
long as there is adequate still depth. 

Lifting attachments must be provided on any gate 
heavier than 50 kg or 600 mm in width. The lifting 
strap should be anchored above flood level and in an 
accessible location. 

Whilst visual appearance is considered important, it 
should not be at the expense of effective operation. 
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Close or inappropriate planting near any flood gate 
or flap valve structure is not encouraged if they could 
interfere with its effective operation. 

13.5.5 Fish Passage 

If good fish habitat exists above floodgates and control 
structures, then provision should be made for the 
upstream and downstream migration of fish around 
these structures (Figure 13-16). In such cases it would 
be advisable to contact the Parks and Waterways Unit, 
as well as the Department of Conservation. 

13.5.6 Maintenance 

All floodgate designs should provide for: 

low frequency maintenance 

clearance from silt build up 

good access, especially during flood events 

easy to clear debris barriers 

corrosion or decay resistance 

vandal and 'small child' resistance. 

Refer to Chapter 19: Operatiolls alJd MaintellaIJce for a 
maintenance checklist. 

13.6 Pumping Stations 

The Old Philosophy 

There are more than 20 existing pumping stations 
located on Christchurch's waterways, wetlands, and 
drainage networks . The pumping stations range in 
size and function : 

Small units located in concrete pipe pumpwells, 
which control groundwater levels or provide 
stream base flow (e.g. Shirley Stream). 

Major installations with either twin or triple 
Archimedean screw impellers, which convey large 
volumes of storm runoff. For example, Pumping 
Station 205 on Horseshoe Lake, which has a 
pumping capacity of 13 m3 / s. 

Historically stormwater pumping stations have been 
used in two situations: 

To convey storm or base flow in an artificial 
drain across a rising ground slope. For example, 
pumping station 219 on Dudley Creek Division. 

To discharge storm runoff across a tidal stop bank 
during high tide. For example, pumping station 
203 in Wairoa Street. 

The New Philosophy 

In terms of the new management philosophy the 
former situation described above should be avoided 
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except in special circumstances. Alternative options 
to building pump stations, involving longer flow 
paths following natural contours with in-line storage, 
should be pursued wh erever feasible. These options 
will attenuate flood discharge s , provide more 
opportunity for water quality control (especially 
sediment deposition), are ecologically beneficial , and 
are more suitable in terms of energy consumption . 

Under a rising sea level scenario, the area of existing 
development protected by stopbanking along the 
lower reaches of Christchurch 's rivers that will 
require stormwater pumping facilities to maintain the 
existing level-of-service, is expected to increase. No 
new development that relies on stormwater pumping 
to maintain level-of-service should be permitted. 
The planner must re-evaluate the need for existing 
pumping facilities at the time of proposed land use 
changes. It may be more sustainable to allow a rise in 
groundwater levels and allow for a wetland, than to 
continue to pump. 

A variation to the City Plan is in preparation to set 
coastal area development levels at a sufficient height 
to minimise the risk of tidal flooding during the 
next 100 - 200 years, without requiring engineering 
measures such as stopbanking and pumping. For 

Figure 13- /6 : The tidegate for Steamwharf Stream (top) is 
oft en propped open slightly during the upstream migration 
of inanga (above) to facili tate their passage. 
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additional information refer to Christchurch City 
Council (2000a). 

New pumping stations to protect existing low-lying 
areas should be installed as a last resort, only after all 
other options such as stormwater detention and house 
raising have been exhausted. 

13.6.1 Design Considerations 

When considering a stormwater pumping station, it is 
important that any possible adverse effects to nearby 
springs and waterways due to lowering groundwater 
levels be investigated and mitigated. 

Christchurch stormwater stations are usually shallow 
and operate against low heads but can have relatively 
high flows. For this reason pumps tend to be quite 
large but with relatively low power consumption. 

Superstructures are usually necessary to house motors 
and switchgear above ground and flood levels. These 
must not appear as plain utility features, but should 
merge with the landscape. 

It will usually be found that an in sitll substructure is 
appropriate. However, submersible pumps in precast 
spun concrete pipe pumpwells may be suitable for 
small stations. 

Usually pumps discharge to an outlet chamber, which 
discharges into gravity lines, and sometimes there will 
be a station bypass, fitted with a floodgate. It is useful 
to be able to seal off the separate pump chambers 
with stop logs for maintenance. 

Stormwater pumping stations are deemed to be a 
lifeline facility that must have a high probability of 
remaining operational through and after an extreme 
event such as earthquake or storm. Refer to Sectioll 
13.6.2: Lifeli/les Considerations. 

Design Flow 

Normally, pump stations should be designed for the 
drawoff from the contributory system required to 
achieve the appropriate level of service. Refer to 
Chapter 20: IllIlIIdatioll Des(\Z1I Pe!'forl/la/lce Sta/ldards. 

Although it is not usual to provide duplication, it is 
advisable to have two or three pump units. This will 
allow the station to retain a reasonable capacity, even 
if one unit is out of action. Often, with multiple 
pumps, one pump can be sized to best suit the base 
flow conditions. 

It should be noted that stormwater pumping stations 
are very seldom required to work at peak capacity, 
and half capacity would rarely be exceeded more than 
once per year. 

Flotation 

Structure buoyancy must be carefully checked so that 
a safe condition exists at all stages of construction and 
operation, including high flood levels. 

The possibility of artesian conditions that give rise 
to water pressure higher than ground level should be 
investigated. 

In buoyancy calculations, safety factors should be 
at least 1.1, excluding skin friction. At critical early 
condition and for the permanent condition they 
should be at least 1.4, including skin fi'iction, and 1.2 
excluding skin friction. 

13.6.2 Lifelines Considerations 

The designer must consider how the pumping station 
structure and all system components will perform 
under each of the Engineering Lifelines (Centre for 
Advanced Engineering 1997) hazard scenarios and 
other related factors as outlined below. 

Earthquake 

The designer must consider and mitigate against the 
following earthquake factors: 

deep soil bearing capacity 

liquefaction of fine-grained soils 

slope stability, especially where adjacent to a 
riverbank 

horizontal earth pressures 

slosh effects on the structure and attachments 

flexible jointing of pipe connections, sufficient 
to cope with the predicted lateral and vertical 
displacements 

secure fixture of cranes, switchgear, batteries, etc. 

Flooding 

The designer must consider and mitigate against the 
following flooding issues: 

internal flooding due to power failure or inability 
to cope with inflows 

external flood water level from a storm event or 
extreme sea level 

water proofing the superstructure 

water proofing the electrical system 

setting all of the sensitive electrical and electronic 
equipment above the 100 year flood level. 

Security of Power Supply 

The designer must consider the following issues: 

consequences of failure of power supply 

• installation of a permanent emergency generator 
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inclusion of a 3 phase socket for connection of an 
external generator. 

Vandalism 

Vandalism is likely at sites which are isolated or 
obscured. Thus exteriors, valve gear, etc, should be 
constructed to minimise potential damage. 

Remote Monitoring 

The need to incorporate a telemetry-based remote 
monitoring system will be assessed by the Parks and 
Waterways Unit. Such systems are essential on larger 
stations and other locations where the consequences 
of failure are significant. 

If required the monitoring system must integrate with 
the current SCADA system. 

13.6.3 Structural Design 

Structural aspects of any pumping station design 
commences with the use of low stress levels for 
concrete and steel. This is customary practice for 
water retaining structures and should apply to the 
whole substructure. Higher resulting mass is useful 
for combating buoyancy. Design the superstructure 
in accordance with normal structural practice: 

An additional sealing slab with a water stop, above 
the plug to prevent leaks. The sealing slab over the 
plug must resist full hydrostatic pressure by either 
adequate bonding to the plug, or by adequate 
bending strength. 

Positive ties between the ground level slab and 
caisson walls to prevent slabs being forced off 
hydraulically. 

Protecting concrete from external corrosive attack 
if aggressive groundwater is present. 

Attention to metalwork anti-corrosion measures. 

Grills 

The inlet should be provided with adequate grills 
sufficient to prevent pump blockage or damage, but 
with a maximum bar spacing of 150 mm for safety 
reasons, and of sufficient strength to resist hydraulic 
pressure at full blockage. 

Construction Aspects 

While the caisson and plug technique has proved 
satisfactory, leaks can occur on curing the plug within 
the previously cured caisson, or within the plug itself. 
These can be minimised by: 

dewatering and pouring the plug in the dry 

pouring the plug underwater with 'tremie' pipes or 
concrete pumps. 
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The tremie pipes must be socked and charged. The 
pipes must be positioned to cover the pour by vertical 
mOVelTlent only. One pipe would be adequate for a 
small submersible unit station, and three to five would 
be adequate for a drywell station. Controlled vertical 
movement and an adequate supply of concrete to the 
pipe are essential. 

Special mix designs usually incorporating additives 
should be used for underwater pours. 

A critical time in the sinking process occurs when the 
caisson is near the final level. Since sinking is carried 
out by over excavation, there is a risk of sinking the 
caisson too far. Movement can usually be arrested 
by internal ballasting (with water), but allowance in 
design should be made for some oversinking. 

If the groundwater level needs to be lowered during 
the critical phase in construction of pumping out the 
caisson after curing the plug, then this must be clearly 
indicated in the associated specification, together with 
requirements for control. 

13.6.4 Pumps and Drives 

Stormwater pumps can be characterised as operating 
with high flows against low heads. Traditionally 
they have been of the vertical axial flow type. A 
more recent development is the Archimedean screw 
pump, consisting of a large diameter steel screw 
rotating slowly in a sloping concrete channel, giving a 
positive displacement action. These give good power 
efficiency for larger flows and lower heads. 

When choosing between higher power efficiency and 
higher capital cost, it must be remembered that most 
stations operate at full capacity for only a few hours 
per year. If there is a small low capacity pump, it will 
operate much more often than a high capacity pump, 
and its power consumption will be relatively more 
important. One must also note the effect of peak 
power charges. 

The power requirement for pumps is given by: 

Q'Ih 
Power (kW) = 

where Q = flow (m3/s) 

'I = specific weight 

= pg ~ 10 kN/m3 for water 

h = head in metres 

Eqn (13-1) 

11 = pump efficiency (50 to 75 %) 
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Generally a low efficiency pump is preferable because 
higher internal clearances give greater durability and 
robustness, while the increase in electricity cost is 
generally minimal at the low pump duty typical of 
most stormwater stations. 

Axial Flow Vertical Flood Pumps 

Pumps of a given diameter can be operated at varying 
speeds, and with different impellers, and this varies 
the capacity and efficiency for a given head. The lift 
for Christchurch stormwater stations rarely exceeds 
two metres, which is usually lower than the head 
corresponding to maximum pump efficiency. 

When choosing pumps it should be noted that a 
heavily loaded pump with low efficiency may require 
a larger motor, and may give a higher overall cost than 
a larger pump with a smaller motor. 

Archimedean Screw Pumps 

Typical operating data are as shown in Table 13-4. 

Note that efficiency is typically 75 % with similar 
operating characteristics to that of a variable speed 
centrifugal pump. 

The slope (a) of the screw is usually between 22° and 
40° and the screw length (L) is approximately: 

h 
L = --+ 0.7 x diameter (m111) 

sin(a) 

where h lift height (mm) 

a slope of screw axis 

Eqn (13-2) 

Table 13-4: Discharge versus power for an archimedian 
screw pump. 

300 12 0.15 

600 72 1 

1000 230 3 

2000 1200 16 

3000 3000 40 

4000 5800 76 

13.7 Stopbanks 
Stopbanks have been used to reduce the frequency 
of flooding in low-lying areas. Stopbanks are not an 
acceptable form of flood damage reduction for new 
urban development, which should always comply 
with the land and floor levels set by the Council, 
whether or not a stop bank exists. 

A decision to use stop banks will be preceded by a 
very careful investigation including consultation with 
affected parties. A resource consent will be required 
from Environment Canterbury to divert natural 
water, as well as from the Christchurch City Council 
if the stopbank falls inside the distances stated in the 
waterway setback rules of the Proposed City Plan 
(Christchurch City Council 1999). The Department 
of Conservation's consent will be required in the 
Coastline Marine Area if works extend below mean 
high water spring (MHWS). 

The designer should be aware of the disadvantages of 
stopbanks. These include: 

loss of floodplain storage 

loss of riparian environment 

loss of views of a waterway and its margins 

potential failure from damage and vandalism and 
geotechnical related causes such as piping, erosion, 
and foundation failure due to liquefaction under 
earthquake shaking. 

In estuarine areas stop banks eventually finish up 
being a "hard edge" to an estuary, lagoon, or river, 
as natural processes of erosion and accretion are 
inhibited, causing ultimate loss of important wetlands. 
This effect is compounded under a rising sea level 
scenario. However, there may also be circumstances 
where stop banks can be used to protect and prolong 
the life of a wetland. 

Sensitive design of the stop bank itself is essential. 
Design must harmonise with the landscape, natural 
processes, and local material. This is best achieved 
with an ecologist, engineer, and landscape architect 
working together. On-site "mock-ups" will assist in 
assessing visual effects and obtaining the feedback 
from local property owners. 

13.8 Waterway Structural Lining 
Waterway structural lining is not discussed in this 
chapter. Refer to Chapter 12: Hfaterlllay Erosion 
Protection. 
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I 3.9 Waterway Fences 
Fence location and design impact significantly on 
landscape, social, and ecological values of waterways 
and wetlands. They may also intelfere with drainage. 

In residential areas a watenvay or wetland can become 
a landscape feature and visual asset to private property, 
to be enjoyed by the property occupants. This can be 
achieved by the following: 

Having no fence between the waterway and the 
house, but instead integrating garden planting with 
that associated with the waterway (Figure 13-17). 

Using suitable plants appropriately located to 
provide a soft attractive buffer between neighbours 
in order to provide privacy between neighbours. 
This applies either with or without a fence. 

Avoiding high solid fences as they provide a haven 
for anti-social activities and a lost opportunity to 
add to the value of a residential property, both in 
financial and landscape terms. 

Whenever a fence is required, using a transparent 
fence (Figure 13-18) . This type of fence would 
allow the waterway to be seen from possibly the 
house and garden but yet provide the physical 
barrier that is required. It would also enable 
adjacent residents to observe other people moving 
up and down th e waterway through informal 
surveillance. The fence could have a gate in it that 
would still allow access to the waterway. Examples 
of appropriate fences include the low, open fences 
along the H ea th co te River/ Opawaho, at th e 
Esplanade Reserve off Warren Crescent. 

Using a predator-proof barri er in appropriate 
situations to restrict movement of domestic cats 
and dogs into wildlife areas such as Travis wetland. 
Note however, that it is difficult to create a fully 
predator-proof barrier. 

In commercial areas, waterways should become a 
feature of the commercial area and integrated into the 
public space associated with development, rather than 
be fenced off. Fences ac ross waterways are strongly 
discouraged. Specific approval for such structures is 
required from the Parks and Waterways Unit. 

Designers should incorporate the advice from th e 
Thinking Fencing package available at the Council 
(Christchurch City Council 2000b) prior to finalising 
fence design for any locality adjacent to waterways or 
wetlands. Council staff can provide further advice for 
an integra ted overall fence design. As well as meeting 
its obligations under the Fencing Act, the Council 
may also meet a share of the cost of "open" style 
fencing adjacent to waterways and wetlands. 
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Figure 13-17: As an alternative to fencing, integrated 
garden planting with waterway planting can create a 
soft , attractive buffer between a private property and the 
waterway. This can increase the value of the waterway and 
the property. Corsers Stream at Brooker Avenue Park. 

Figure 13-18: Using transparent fencing between private 
properties and the waterway can prOVide security, without 
barring the view of the waterway, or adversely impacting 
on landscape features. Such open fencing was a condition 
of the subdivision consent requirement for this particular 
area. Cashmere Stream at the foot of the Port Hills. 
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