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This appendix contains the Stormwater Assessment, Plan Change 25, Kingston Village Special Zone,
structured as follows.
Body of report
Appendix A - Plans
• C100 Stormwater Catchment Areas

Rev 1

•

C101 Stormwater Scheme Plan

Rev 4

•

C102 Typical Cross Sections, Sheet 1 of 2
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•

C103 Typical Cross Sections, Sheet 2 of 2

Rev 1

Appendix B - Supporting Information
• Photos 1 and Photo 2 (refer Drawing C101 for locations)
•

HIRDS v2 rainfall data for Kingston area
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1. Introduction
1.1 Report Summary
This report details the findings of the stormwater assessment for the Kingston Village Plan Change site
(hereafter referred to as the plan change site). It is separated into two main sections: Hydrological
Assessment and Hydraulic Assessment. It also identifies the stormwater management options within
the plan change site, provides an assessment of the options and makes recommendations based on
the options assessment.
The Hydrological Assessment confirms the catchment areas associated with the plan change site and
details the methodology used to estimate the flows and flow volumes associated with various
significant rainfall events. It then discusses flood mitigation measures and leads into the Hydraulic
Assessment section, which details the associated requirements of both the existing and proposed
major stormwater components.
The Hydraulic Assessment section also discusses the stormwater management system proposed for
the future development of the site.
There are a number of supporting plans for this report, located in Appendix A. Appendix B contains
additional supporting information for reference.

1.2

Site Description

The Kingston Township is at the southern-most tip of Lake Wakatipu, and approximately 50km from
Queenstown. The current Township (approximately 208 developed lots) is immediately adjacent to
Lake Wakatipu, with the dwellings no more than 500m from the Lake.
The plan change site is approximately 88ha and is bounded by the Kingston Flyer railway tracks on
most sides and the Eyre Mountains to the west. It is currently zoned Rural General and is mainly
utilised as farm land. For the purposes of this stormwater assessment it has been assumed that the
plan change site will provide up to 800 residential lots.
This report has been an input into the iterative master planning exercise for the site. As a result of this
report, and others, the masterplan has been amended since this report was first prepared. The
changes to the masterplan do not affect the overall recommendations and conclusions provided in this
report.
Figure 1 – Location of site (NTS)
N
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Wakatipu
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Plan change
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The below plan depicts the actual extent of the plan change site (in red).
Figure 2 – Extent of proposed Plan Change Site (NTS)

The plan change site comprises relatively planar ground gently falling about 1m vertically over a 40 to
50m length (1V:50H) from about RL340m on the southern boundary down to RL320m on the north
boundary. The site mainly consists of well sorted gravel and sand in alluvial fans, with isolated areas of
clay. The soil is generally silt loam, and is considered to drain moderately well. The vegetation is
mainly pasture in average condition. The isolated areas with underlying clay tend to be water sodden
with tussock vegetation or planted with pine trees. During the lower rainfall summer months it appears
much of the rainfall within the plan change site infiltrates into the ground.
There are several drainage courses running down the western Eyre mountainside; approximate
locations are on the catchment plan in Appendix A (C100). These drainage courses flow in existing
deeply incised drainage channels across the western part of the plan change site (refer Figure 3 on the
following page), before forming small ponds at the entrance to the golf course. At the main pond
entering the golf course the stream has been filled in and piped with a 300mm diameter pipe for a
100m section. The intake is a simple pipe weir within the pond. The stream then exits the pipe and
meanders through the golf course, through several culverts and across the western side of the existing
Kingston Township before discharging into Lake Wakatipu.
The other, smaller stream to the east side of the golf course also crosses the golf course, runs along
several drainage channels and through the existing Kingston Township along a drainage channel
adjacent to the Kingston railway line. It then joins up with the larger stream to the west (described
above) at the junction of Kent St and Somerset St, just prior to a triple 900mm diameter culvert. This
culvert was previously a single 900mm diameter culvert with a 750mm x 750mm box culvert outlet, a
new double barrelled 900mm diameter culvert has recently been constructed adjacent to this culvert.
For the rest of the plan change site, that rainfall that is not infiltrated currently sheets across the site
and into a drainage channel that runs alongside the Kingston railway line. This drainage channel then
converges with the channel described above between Shropshire and Gloucester Sts.
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Figure 3 – Existing features on site (NTS)
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2. Hydrological assessment
2.1 Catchment areas
Catchment areas associated with the plan change site are shown on the attached catchment plan
(C100, Appendix A). The hydrological parameters are discussed in this section and summarised in
Table 1.
As per the site description (Section 1.2 above), all catchment sub-areas eventually discharge into the
stream on the northwestern end of the plan change site (at the junction of Kent St and Somerset St).
This stream passes through a 900mm diameter culvert and a triple barrelled 900mm diameter culvert
(one of which narrows to a 750mm x 750mm box culvert outlet) and then under a bridge before
discharging into Lake Wakatipu. As discussed in Section 1.2, two of the 900mm diameter culverts were
recently installed.
Note it is intended that following the full development of Area D (which is mainly made up of the plan
change site), stormwater runoff of sub-areas D2 and D3 will be discharged through a new culvert
under the Kingston Railway and a new downstream drainage pipe that will connect into an existing
discharge to the Lake. This has been recommended to facilitate the management of the stormwater
flows both within the development and within the catchment as a whole. This is further discussed in
Section 3, but has been discussed here to clarify the splitting of catchment area D within the
hydrological assessment (refer Table 1, page 5).

2.2 Infiltration loss
Calculation of the run-off volume is based on the SCS Unit Hydrograph Method.
The catchment has roughly 2 distinctly different soil types and geological conditions:
•

Hillside catchments
The hillside catchments consist of undifferential volcanoclastic sandstone or siltstone (soil
type C), the catchment is very steep (average slopes approximately 30% - 40%) and the
vegetation is considered to be in reasonably poor condition. Subsequently the infiltration of
rainwater is expected to be poor; a CN (curve number) of 86 has been assumed for the
assessment of infiltration loss. Refer to the Connell Wagner Rockfall / Debris Flow Hazard
Appraisal for discussion on the stability of this catchment.

•

Flat catchments
The catchments on the flat land areas consist mainly of well sorted gravel and sand in alluvial
fans and the soil is generally silt loam (soil type B). The vegetation is pasture in average
condition. The soils are considered to drain moderately well; a CN of 69 has been assumed.

Infiltration loss also depends on the percentage of impervious area of the catchment. The following has
been assumed within the plan change site (based on the full 800 lots master planning scenario, as this
will generate the greatest proportion of impervious area):
•

Existing town area (including road)

40% (percent impervious area)

•

Road reserve

60%

•

Low density residential

30%

•

Medium density residential

35%

•

High density residential:

40%

•

Employment use:

70%
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•

School / education use:

30%

•

Golf course:

5%

The average impervious area for each catchment is shown in Table 1.

2.3 Run-off transformation
The transformation of excess run-off has been assessed using the Clark Unit Hydrograph Method,
which requires the input of the time of concentration (Tc) and storage coefficient (R).
The time of concentration is based on a combination of the New Zealand Institution of Engineers
guidelines (for flat area run-off and developed catchments) and the Bransby-Williams formula (for
stream catchments). The results of the time of concentration analysis are shown in Table 1.
The following ratio values have been assumed for the calculation of the storage coefficient (Note that a
large ratio volume results in a slower (i.e. less peaky) runoff hydrograph):
•

Steep hill catchments

Ratio = 0.45

•

Rural flat land areas

Ratio = 0.60

•

Developed high storage residential areas

Ratio = 0.35

The storage coefficient (R) is calculated by:

Storage coefficient = R =

(TC × Ratio )
(1 − Ratio )

The results of this calculation are shown in Table 1, page 5.

2.4 Rainfall
Rainfall data has been derived from HIRDS v2 published by NIWA. The HIRDS information for this site
is attached in Appendix B.
An allowance for climate change impact on the rainfall intensities has been included in the final rainfall
assessment. This is in accordance with Ministry for the Environment guidelines. Assuming an average
temperature rise of 2° by the end of this century, the expected rainfall intensity increase varies from
approximately 10% - 15% (depending on rainfall probability and storm duration). The allowance within
this assessment is 15%.
Hydrological simulation runs have been carried out for 24 hour design storms (nested storm) with an
Annual Exceedence Probability (AEP) of 1%, 2% & 10% (ARI100y, 50y & 10yr storm events
respectively).

2.5 Model sensitivity
We note that the hydrological analysis is a model, and as such has the same limitations associated
with any model of a complex system. The accuracy associated with this system is in the order of plus
or minus 20 to 40 percent.
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Table 1 Catchment areas and hydrological results
Catchment

Area

Curve
Number
(CN)

(ha)

Time of
Concentration
(Tc)

Ratio

(hr)

Storage
Coefficient
(R)

Impervious
Area

(hr)

Peak Flow

Run-off Volume

AEP 10%

AEP 1%

AEP 10%

AEP 1%

(ARI 10yr )

(ARI 100yr )

(ARI 10yr )

(ARI 100yr )

(%)

(m3/s)

(m3/s)

(1000 m3)

(1000 m3)

Existing Scenario
A

66.4

86

0.67

0.45

0.55

0%

2.2

5.5

32

68

B

35.4

86

0.50

0.45

0.41

0%

1.3

3.4

17

36

C

46.5

86

0.50

0.45

0.41

0%

1.7

4.5

23

48

D1

50.0

69

0.33

0.60

0.50

10 %

1.2

3.4

18

40

D2

38.0

69

0.33

0.60

0.50

0%

0.8

2.4

11

28

D3

18.0

69

0.33

0.60

0.50

0%

0.4

1.2

5

13

Junction*

254.3

7.4

19.8

107

232

Developed Scenario
A

66.4

86

0.67

0.45

0.55

0%

2.2

5.5

32

68

B

35.4

86

0.50

0.45

0.41

0%

1.3

3.4

17

36

C

46.5

86

0.50

0.45

0.41

0%

1.7

4.5

23

48

D1

50.0

69

0.25

0.35

0.13

32 %

2.4

6.5

23

47

Junction*

198.3

6.7

17.0

95

199

D2

38.0

69

0.25

0.35

0.13

37 %

1.9

5.1

19

37

D3

18.0

69

0.25

0.35

0.13

36 %

0.9

2.4

9

17

Total*

56.0

9.1

23.6

123

253

*Note: The maximum peak flow is not equal to the summation of the peak flows of individual sub-catchments, due to differences in timing of the run-off peak.
In the existing scenario the flows at the junction is the combined flows of all sub-catchments, while in the developed scenario flow of area D2 & D3 are diverted through the new proposed
pipe directly into the Lake.
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2.6 Flood mitigation measures
The hydrological assessment shows that the catchment for the plan change site is large and that an
increase of total peak flow and run-off volume is expected as a result of the development associated
with the plan change. It is noted that:
•

•
•

Over half of the flow and run-off associated with the catchment is discharged from the hillside
sub-catchments outside the plan change site. The hillside sub-catchments peak flows and
runoff volumes are not affected by the plan change as they are outside of the plan change
site.
The increase in flows from sub catchment D due to the development associated with the plan
change is approximately a doubling of the peak flow and a 25% to 50% increase in run-off
volume.
Over the entire catchment, the increase in total run-off volume for a 24 hour design storm is
expected to be approximately 20,000 m3.

The following sections discuss the various sub-catchments and the proposed flood mitigation methods
associated with the plan change. Following this, Section 3 Hydraulic Assessment discusses the
various stormwater management measures proposed within the plan change site.

2.6.1

Southern hillside catchments

Following development of the plan change site the flow from the hillside catchments will account for
approximately half of the total runoff within the catchment (currently the hillside catchments account for
over 65% of the runoff). The hillside catchments are very steep with reasonably poor vegetation;
infiltration on the hillsides is poor. As described in Section 1.2 Site Description, the north western
corner of the plan change site is a golf course; there is an existing water course that meanders through
this area (western side of the golf course). South of this the hillside catchments currently drain via
multiple drainage channels to this location.
However, in the analysis of the stability of the hillside area (refer to the Connell Wagner Geotechnical
and Contamination Hazard Appraisal), it was recognised that the hillside was of limited stability. There
was concern regarding the construction of structures near the potentially unstable hillside. To enable
full utilisation of the plan change site for development in the future it was recommended that a bund be
installed along the western boundary of the site, to provide protection should a debris flow type event
occur on the steep hillside.
With the addition of a channel to the immediate west of the debris flow protection bund the bund could
also be utilised as part of a stormwater conveyance system. Refer C101 for the location of this bund.
The construction of this channel and bund (which would be designed to managing a 100 year return
period flow, AEP 1%) would greatly assist in managing the impact of extreme events within the plan
change site through the isolation of the hillside catchments from the areas of development within the
plan change site. The stormwater flow would then be directed into the existing stream that meanders
through the golf course. The development of a channel and bund system along this length would also
decrease the height of the bund necessary for providing debris flow protection, as the substantial
channel and bund would work together to provide the necessary protection. The channel would also
provide a good immediate source of fill for the bund.
The preferred option in this area is to utilise the channel and bund system described above to isolate
the southern hillside catchments from the plan change site. Refer to C102 in Appendix A for a typical
cross section of this channel / bund.
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2.6.2

Plan change site

The plan change site is approximately 88ha (Area “D” also includes the golf course and a section of
the existing Township). As described in Section 1.2 Site Description the site currently drains towards
the north, with the western side of the site directed into two streams and the eastern side either
eventually infiltrating into the ground (there are several waterlogged areas of underlying clay) or
running off and being collected in a drainage channel which runs alongside the railway and drains to
the northwest, connecting with the main western stream which runs through the golf course. The main
stream passes through multiple existing culverts. Section 3 Hydraulic Assessment details the capacity
of the multiple downstream culverts, they are under capacity for the current pre-development Q10
design flow. With the whole 255ha catchment draining to this area and the proximity to the existing
houses it will be difficult to mitigate flooding in this area.
It is therefore proposed that the catchment be split and a new stormwater discharge facility be
constructed for the site. It is proposed that the run-off from sub-areas D2 and D3 be diverted in a
culvert under the existing Kingston Railway and via a new stormwater pipe along Oxford St. This flow
will connect into an existing discharge on the eastern side of the Kingston Township, immediately prior
to Lake Wakatipu. This existing discharge currently appears undersized and in need of upgrade – this
could be completed as part of the upgrade to take the additional flow from sub-areas D2 and D3). Plan
C101 depicts this proposed new system, it is further discussed in Section 3. Note that the short stream
upgrade would be designed to ensure the extra discharge does not have an adverse effect on the
flooding risk of the stream (i.e. the discharge location would be close to the existing outlet and the
outlet would be upgraded).
The splitting of sub-catchment D would result in a decrease in total peak flow within the stream to the
west of the plan change site.

2.6.3

Stormwater attenuation

To assist with the management of the peak stormwater flows, stormwater attenuation will be included
within the plan change site. The total increase in run-off volume for a 24 hour design storm is expected
to be approximately 20,000 m3. Current good practice is to design on-site attenuation to ensure predevelopment flows do not exceed post-development flows. However, this site is very close to Lake
Wakatipu, which, at 30,000ha, effectively acts as a large stormwater buffer zone. That is, in an
extreme event the total runoff from the plan change catchment will make a negligible difference in Lake
level. In terms of water quality, water polishing swales and streams are proposed within the plan
change site, which decreases the need to use attenuation to aid in water quality.
As in Section 2.6.2 above, it is proposed to split the flows within the development site, resulting in a
decrease in total peak flow within the stream to the west of the plan change site, which passes by
multiple existing dwellings. The splitting of this flow means the increase in runoff associated with the
plan change is already mitigated, further decreasing the need for on-site stormwater attenuation such
that pre-development flows do not exceed post-development flows.
Given the above, an attenuation volume of 10,000 m3 is suggested in this situation, as depicted on
C101. This attenuation is depicted solely within the existing golf course area, in the vicinity of the
western stream. This will further reduce the peak flows associated with the catchment and minimise
the upgrade works required to the existing western stream. As above, with the splitting of the flow the
peak flows associated with this western stream will actually decrease with the development of the plan
change site.
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3. Hydraulic assessment
3.1 General
This section includes a summary of the proposed stormwater management within the plan change site,
depicted on drawings C101, C102 and C103. It should be noted that the cross sections in Appendix C
depict the engineering requirements only, for the actual cross sections proposed within the site
(incorporating environmental and aesthetic inputs) refer to the Woods Bagot plans.
It also specifically discusses areas where the flow will be restricted, that is, the various culverts and
connections within the stormwater areas. The following components of the existing downstream
stormwater network (to the west of the plan change site and through the existing Kingston Township)
have been assessed on their current flow capacity. This capacity has then been compared with the
existing and developed design flows.
•

Existing stream (refer Section 3.2)

•

Existing series of culverts, including a triple 900mm diameter culvert (refer Section 3.3)

The design flows and necessary capacity for the proposed new stormwater pipe under the railway
embankment and along Oxford St have also been assessed (refer Section 3.4).

3.2 Stormwater management within the plan change site
As previously discussed it is proposed that the stormwater within the plan change site is split into two
separate areas, catchment A-B-C-D1 and catchment D2-D3. Within this, catchments A, B and C are
separated from the Kingston Village development through a new stormwater channel and bund and a
new stream which then connects into the existing stream which takes the flow from the whole
catchment (A, B, C and D1) out to Lake Wakatipu. Refer to Section 2.6 Flood Mitigation Measures for
further detail regarding this channel / bund. Note that as discussed in Section 2.1 this existing stream
is currently the outlet for the entire catchment (sub-catchments A, B, C and D).
Sustainable urban drainage systems (SUDS) are proposed within the plan change site to provide both
source control of stormwater quality and quantity (flow rates). The features included are infiltration
trenches and stormwater polishing swales, very limited or no use of kerb and channel and a system of
open watercourses throughout the development. The stormwater will be managed with a network of
minor swale drains connecting to stormwater pipes, which then discharge into a series of major
streams and swales around the site. C101 depicts the major system of swales and streams (the minor
networks will be detailed once the development master plan has been confirmed). Drawing C101 is
linked to drawings C102 and C103, which illustrate typical cross sections of both the proposed swales,
streams and stormwater bunds noted on C101. Note that the typical cross sections shown on C102
and C103 also detail the proposed freeboard levels associated with the system of swales and streams.
Due to the sloping nature of the site and setback from Lake Wakatipu a specific minimum building level
is not applicable.
It is noted that the significant event within the Lake Wakatipu catchment in 1999 (recorded as a 1 in
150 year event) resulted in flooding to the level of 312.78m RL; the plan change site is at least 320m
RL. As part of the development of the plan change site the waterlogged areas within the site will be
drained (and in some cases relocated) through earthworks and the above-described swale network.

3.3 Existing stream
The existing stream to the west of the site has been assessed on site where it crosses through the
existing Kingston Township. In general the existing stream bed is approximately two metres wide, with
side slopes of approximately 1H : 1V (1 horizontal : 1 vertical). The height of the stream bank varies
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and is assumed to be approximately 0.9 m. The longitudinal gradient of the stream is averaged at
approximately 3% (1 in 33).
The stream capacity (prior to overflow of the bank, without allowing for a freeboard) is approximately 8
m3/s (assuming a Manning’s n value of 0.04, as could be expected in this type of stream). This
capacity was derived utilising the Manning’s formula. If 300 mm freeboard is considered, the capacity
reduces to 4 m3/s.
The design peak flow for the existing and future scenarios are presented in Table 2.
Table 2 – Existing stream (SW 1) hydraulic assessment
Scenario
Capacity
Peak Flow (m3/s)
Existing
Developed

Flood Depth (m)

AEP 10%

AEP 1%

AEP 10%

AEP 1%

8.0 m3/s

7.4 m3/s

19.8 m3/s

0.9 m

1.5 m

m3/s

m3/s

m3/s

0.9 m

1.4 m

8.0

6.7

17.0

Note: For flood depths exceeding stream bank level (i.e. 0.9m) it is assumed that the stream bank continues at
3H : 1V

We note that in a 100 year return period event (AEP 1%) the stream would not be contained within the
banks. There are multiple houses close to the existing stream (as close as 20m offset from the
stream). The assumption for calculating the flood depth once the stream banks are overtopped (refer
note above) is conservative as it is expected that the cross-sectional area will be higher due to flatter
slopes above the top of stream bank.
Under the current conditions it is expected that the stream is just able to cope with the Q10 design flow
(if no allowance is included for freeboard).
The performance of the existing stream (which is not made worse by the development of the plan
change site) will no doubt be further assessed as part of the Stormwater Management Plan that is to
be completed by Queenstown Lakes District Council (QLDC) for the wider Kingston area.

3.4 Existing culverts
The existing stream passes through several culverts just prior to discharging into Lake Wakatipu,
including a recently upgraded triple 900mm diameter culvert under the Kingston Flyer railway line (one
of which has a 750mm x 750mm box culvert outlet). Assuming that the culverts are discharging peak
flow under inlet controlled conditions the design capacity of the culverts (i.e. head water not exceeding
soffit* of the culvert inlet) is approximately 3 m3/s. Considering surcharge (based on the survey in the
area) this increases to approximately 5.5 m3/s.
Considering the current Q10 design flow of approximately 7 m3/s, these culverts are below current
design standards and will require upgrade. The upgrade options will be reviewed as part of detailed
design and incorporate the effect of the proposed attenuation within the plan change site. Upgrade
options could include an increase in headwall height, breaking out of the current 750mm x 750mm box
culvert outlet and so on.
* the soffit of the culvert is the top of the pipe (internal)

3.5 New proposed discharge pipe
A new stormwater pipe is proposed as shown on C101, to manage the run-off from areas D2 and D3.
This new stormwater pipe will cross under the existing railway in a culvert and continue along Oxford
St to an existing discharge to Lake Wakatipu. The design flows for this stormwater pipe (from areas D2
and D3) are:
FILE M:\209F\40\STORMWATER\RS0001RVL REV5.DOC  22 OCTOBER 2008  REVISION 5  PAGE 10

Stormwater Assessment
Plan Change 25, Kingston Village Special Zone

•

Q10 = 2.8 m3/s

•

Q100 = 7.5 m3/s

It is expected that this would require a 1500mm diameter drainage pipe.
It is likely that the existing open channel discharge into Lake Wakatipu, which this pipe will connect
into, is undersized. The catchment area for this discharge extends into the adjacent eastern hills and is
quite large. The current performance of the existing open channel will likely be further assessed as part
of the Kingston area Stormwater Management Plan. If the existing open channel is undersized it may
need to be upgraded to ensure the stormwater in this area can be managed in peak flow conditions
and also to prevent outlet control conditions limiting the capacity of the new pipe.

3.6 Summary
For the proposed development the following flood management and stormwater drainage facilities are
recommended.
• The addition of a channel / bund along the western boundary of the plan change site, that
extends just north of the residential area located in the south west corner of the golf course, to
separate existing flows from the Eyre mountains from the development.
•

Upgrade of the existing stream (and associated culverts) through the Kingston Township area
that are currently under capacity (this stream is currently being assessed as part of the
Stormwater Management Plan being completed by QLDC for the Kingston area).

•

Attenuation of approximately 10,000m3 of stormwater runoff on site (within the golf course) to
assist with the management of peak stormwater flows that discharge into an existing stream.

•

Sustainable urban drainage systems (SUDS) are proposed to provide both source control of
stormwater quality and quantity (flow rates). The stormwater will be managed with a network
of minor swale drains connecting to stormwater pipes, which then discharge into a series of
major streams and swales around the site.

•

Drainage of the major swales described above into the existing stream through the golf
course or to a new 1500mm diameter drainage pipe along Oxford St that is proposed as part
of the development. This pipeline would discharge at the existing Kingston Stream outlet into
Lake Wakatipu, with the stream outlet being upgraded as part of the works.

•

Drainage (and in some areas relocation) of wet areas through earthworks and the swale
network as above.

Management of stormwater within the plan change site is proposed such that the development will
effectively be stormwater neutral to downstream watercourses. This is achieved through the swale
system as described above to assist in the management of peak flows, incorporating stormwater
attenuation in certain areas and splitting the stormwater flows within the plan change site. With the
management measures proposed and the proximity of Lake Wakatipu the development of the plan
change site will have minimal downstream impact on the existing Kingston Township stormwater
infrastructure and on the water quality of Lake Wakatipu.
Otago Regional Council has been consulted on the proposed stormwater solutions for the
development of the plan change site, and has agreed in principle to the concepts presented in this
report.
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Appendix H
This Appendix provides additional information on the treatment processes described in Section 7.6 of
the report.
1. Sequencing Batch Reactor
An SBR is a variation of the conventional activated sludge process where the wastewater is treated by
micro-organisms suspended in the wastewater. Wastewater is treated in “batches” rather than by
means of a continuous inflow and outflow. The treatment cycle (with anoxic phases if required) is
completed in a single tank which eliminates the need for a separate clarifier. The treatment cycle
usually consists of aerobic, anoxic, settling and decant stages.
For an SBR the following has been allowed for:
•
•
•
•
•
•
•
•

Grit Removal
Screening
Alum Dosing for Phosphorus Removal
SBR Tanks
Filtration System
UV Disinfection
Waste Activated Sludge (WAS) Tanks
Ancillary Items: pumps/pipework/valves/blowers etc.

SBR systems are suitable for small communities; however they require a high level of control and
operator expertise to run successfully. As with all high rate processes they will produce a quantity of
waste sludge that must be treated and disposed of separately from the treated effluent.
Waste sludge would be stored and thickened in a sludge holding tank and removed for further
processing and disposal at an approved landfill site.
The Process Flow Diagram of the SBR system is shown in below.

Figure 11-1: SBR Treatment Plant
An SBR treatment system is seen as a flexible unit than can be altered to produce various effluent
quality requirements simply by programmed changes to the PLC.
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2. Membrane Bio-Reactor (MBR)
Membrane Bio-Reactor (MBR) plants are a combination of standard activated sludge wastewater
treatment plants and membrane filtration. The membrane filter replaces the clarifier and disinfection
stages of a conventional treatment plant. The membrane provides an absolute barrier and restricts all
particles greater than 0.2mm. As the membrane removes almost all suspended solids they also
remove pathogens and significant biological loads.
For MBR the following has been allowed for:
•
•
•
•
•
•
•
•
•

Grit Removal
Fine Screening
Alum Dosing for Phosphorus Removal
Reactor Tanks
Permeate Tank
Membranes
Hypochlorite Cleaning System
WAS Tanks
Ancillary Items: pumps/pipework/valves/blowers etc.

After entering through the inlet works the sewage flows into the treatment tank containing the
submerged membranes and air diffusers. The effluent is aerated to provide the necessary oxygen for
the aerobic breakdown of the sewage by micro-organisms and also for continuous cleaning of the
membrane modules. The effluent then filters through the membranes by gravity flow or vacuum and
the treated effluent is stored in the permeate tank prior to discharge.
Sludge is removed directly from the MBR tanks and stored in Waste Activated Sludge (WAS) storage
tanks for settling and periodic removal. The blowers, with built-in noise attenuation, would be housed in
a small building along with the control panel.
The membrane filtration combines the solids separation (removing the treated liquid effluent from the
sludge) and disinfection (removal of pathogens) in one process. Chemical cleaning of the membranes
(hypochlorite backwash) is required once every six months. Waste sludge is stored and thickened in a
sludge holding tank and then removed for further processing, as discussed above.
MBR plants can achieve effective nitrogen removal and can be upgraded to enhance phosphorus
removal. Modular expansion of MBR plants is easily achieved by the addition of membrane units or
additional membrane sheets within a membrane unit. Membrane sheets have a typical life expectancy
of 10 years or more. It should be noted that the chemical dosing system for Phosphorus removal has
not been presented in MBR Process Flow Diagram in Figure 11-2 below.
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Figure 11-2: MBR Treatment Plant
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3. Submerged Aerated Filter (SAF)
SAF plants are a fixed film process that utilise a solid media (typically made of plastic with a large
specific surface area) in the process tanks which provides a surface upon which the biomass grows.
The biomass treats the wastewater and removes the BOD and solids (as well as reducing ammonia if
sized appropriately). The media is submerged in the tanks and air is mixed into the wastewater at the
base of the tank using a diffuser/blower arrangement. The media used and the fact that it is
submerged allows for substantially higher applied organic loading than more conventional fixed film
processes such as trickling filters.
For the SAF process the following has been allowed for:
•
•
•
•
•
•
•
•
•

Grit Removal
Screening
SAF Tanks
Fixed Media and Accessories
Clarifier
Filtration System
UV Disinfection
WAS Tanks
Ancillary Items: pumps/pipework/valves/blowers etc.

The biomass on the media continually sloughs off in the wastewater and is removed by a solids/liquid
separation device, typically a clarifier, as waste sludge.
Waste sludge would be stored and thickened in a sludge holding tank and then removed for further
processing, as discussed above. The Process Flow Diagram of the SAF system is shown in Figure 113 below.

Figure 11-3: SAF Treatment Plant

There are several suppliers of package SAF systems on the market, alternatively it is also possible to
undertake site specific designs. Either system can be designed with the flexibility for modular
expansion as necessary.
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4. Packed Bed Reactor (PBR)
Settleable solids and oil and grease etc are removed within the primary tank. The effluent passes to a
recirculation chamber and is either sprayed into the PBR (which is a simple chamber containing a
textile type media) or discharged to the disposal area. Flow is passed to the PBR in preference to the
disposal field at a ratio of approximately 3:1 – 5:1. Recycled flows pass back into the recirculation
chamber/primary tank.
For a PBR the following has been allowed for:
•
•
•
•
•
•
•
•
•

Grit Removal
Screening
Primary Tank
Recirculation Tank
PBR Reactor Tank
Filtration System
UV Disinfection
WAS Tanks
Ancillary Items: pumps/pipework/valves/blowers etc.

PBR media is now (in New Zealand) mainly either plastic foam cubes or a hung textile fabric. This is
more in keeping with high rate trickling filter design/operation. The Process Flow Diagram of the PBR
system is shown in Figure 11-4 below.

Figure 11-4: PBR Treatment Plant

There are several suppliers of package PBR systems on the market, alternatively it is also possible to
undertake site specific designs. Either system can be designed with the flexibility for modular
expansion as necessary.
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