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Executive Summary

The impacts of two discharge options for the Warkworth treated sewage discharge
on the concentrations of effluent (%), dissolved inorganic nitrogen (mg/l) and
dissolved reactive phosphorus (mg/l) in the Mahurangi estuary are presented.
Concentrations were calculated over a tidal cycle using the combined
hydrodynamic and transport-dispersion models 3DD and POL3DD developed for
the estuary. The discharge options were 1) tidally-staged directly into the estuary
and 2) via a wetland to the estuary.

The data are presented graphically for use by managers as:

1. time series plots of surface concentrations at selected sites in the main channel
and within oyster farms

2. maps of the effluent plume concentrations throughout the estuary as the plume
ebbs and floods with the tide

Data are also summarised in tabular form, and this shows that there are minor
differences between the two proposed discharge regimes. There is no best
discharge option for the Mahurangi estuary as a whole, because the relative degree
of contamination from the two discharge options changes throughout the estuary.
The data presented within this report will help to identify areas where one regime
provides lower concentrations than the other.

The sewage discharge i1s a small contributor to estuarine dissolved inorganic
nitrogen, but is a significant source of dissolved reactive phosphorus.
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INTRODUCTION

NIWA was commissioned by the ARC to develop numerical models of the Mahurangi
catchment to enable the ARC to manage the Mahurangi Estuary and its environs in a
sustainable manner. Earlier reports give details of the development of both estuary and
catchment models (Stroud and Cooper, 1997; Oldman, 1997). These models can now
be used as management tools to investigate the effects of changes in catchment use on
the Mahurangi Estuary.

This report gives details of the first of these investigations which examines the effects
of two different sewage treatment discharge regimes on contamination of the
Mahurangi Estuary. This work, while being initiated by the ARC, will be used by
Rodney District Council to investigate options for the Warkworth sewage treatment
works. '

The two options considered are :

¢ A tidally staged discharge
e Discharge rate 160 m*/hour

¢ Commencing one hour prior to high tide

e Continuing for 7.5 hours

» Using existing outfall

¢ Total volume 2400 m’/day
¢ A discharge viaa wetland ; - conhnmons
» Discharge rate varies as follows :

Time From Discharge to

High Water  Estuary (m*/hour)

0-1 400
12 300
27 100

» Discharge commeﬁces at high water

¢ Continues for 7 hours _

s Total volume 2400 m*/day

¢ For the first three hours 2 ditution of effluent of two times is assumed {1.¢.
discharge concentration to estuary is at 50% of the conceuntration at the
input to the wetland system).
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For both scenarios a mean tide with a range of 2.5 metre is assumed and a flow of 1
m’/s for the Mahurangi River has been used. Figures 1 and 2 give the timings,
volumes and dilution of the two discharge options.

For the first model run, the contaminants of interest in the effluent were assumed to be
conservative - no decay in concentration with time was applied. This gives a worst
case condition for the estimates of contaminant concentrations from the sewage
discharge. Model output is given in terms of % effluent. This allows the model output
to be used to determine, for example, the concentrations of bacteria in the estuary
assuming no die-off due to UV (sunlight) deactivation. An additional model run was
carried out for dissolved inorganic nitrogen (DIN) with an applied decay rate. Model
output is given in nitrogen concentration (mg/1). This model run gives an indication of
the likely concentrations for DIN throughout the estuary which can be attributed to the
.+ sewage treatment effluent, and takes into account losses of DIN from processes
occurring within the estuary (e.g., denitrification). Further data is presented for
predictions of dissolved reactive phosphorus (DRP). Model output is given in
phosphorus concentration (mg/). This data indicates concentrations for DRP
throughout the estuary which can be atiributed to the sewage treatment effluent.

Figure 3 gives a location map for the estuary while Figure 4 gives the location of the
oyster farm lease sites within the estuary.

The model uses a layered Lagrangian method to track particles throughout the estuary
(Bell et al. 1997, Oldman 1997). For this report we have used the so-called “fixed
surface layer” for presentation of results. This layer represents the top 0-0.2 meters of
the water column away from the source, but excludes the *“variable” thin surface layer
comprising mainly effluent.

o ecseaee NIWA
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RESULTS

PERCENTAGE EFFLUENT : STAGED DISCHARGE

Figure 5a gives the time series plots of percentage effluent concentrations for selected
sites within the main channel of the estuary. These show the relative concentrations
(in % of initial effluent concentration) as predicted by the model for the “fixed” top
layer. It can be seen that by the time the effluent plume has reached Dawsons Creek
the percentage of effluent present in the top layer is at a maximum 0.98% of the
discharge effluent concentration. This peak occurs at low water. The effluent
concentration is never zero at Dawsons Creek i.e, some effluent is present at all states
of the tide. As the plume progresses further downstream, further mixing reduces peak
effluent concentration. Opposite Cowans Bay (Figure 5b), peak effluent
concentrations are 0.40% {again at low water). For 4% of the tidal cycle there is no
effluent present in the top layer of the water column. Opposite Dyers Creek (Figure
5¢), peak effluent concentrations are 0.23 % (again at low water). For 12% of the
tidal cycle there is no effluent present in the top layer of the water column. Opposite
Grants Island (Figure 5d), peak effluent concentrations are 0.14% (again at low
water). For 8% of the tidal cycle there is no effluent present in the top layer of the
water column. By the time the plume has reached Scotts Landing (Figure 5e), peak
effluent concentrations are no more than 0.02 % and show little parity with tidal

‘conditions. For 31% of the tidal cycle there is no effluent present in the top layer of

the water column. The above information is summarised in Table 1.

Figure 6 gives the time series plots of percentage effluent predicted within the oyster
farms shown in Figure 4. No effluent from the sewage treatment works reaches either
the Huawai Bay or Te Kapa Inlet oyster farm (Figures 6a,d). For the Puka Puka Inlet
oyster farm (Figure 6b), the model predicts that a small amount of effluent (0.03%)
reaches the farm just prior to high water. For the Browns Bay oyster farm (Figure 6c¢),
concentrations of 0.11% effluent occur and show no strong tidal signal. Some effluent
is present at the site for 57% of the tidal cycle. Effluent at the Cowans Bay oyster farm
(Figure 6g), reaches a peak value of 0.87% during the mid-flood tide. Some effluent is
present at the site for 81% of the tidal cycle. For the Dyers Creek oyster farms (Figure
6e, f), peak values are 0.65% for the north site and 0.24% for the south site, and are
again found on the flooding tide. Some effluent is present at the north site for 76% of
the tidal cycle and at the south site for 57% of the tidal cycle. The above information
is summarised in Table 1.

Cal
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The predicted movement and characteristics of the plume are depicted in Figures 7a-z
at hourly intervals after high water. These show the relative concentrations (in % of
initial effluent concentration) as predicted by the model for the “fixed” top layer.
(Note that dilution is simply the inverse of relative concentration as a decimal
proportion, e.g. a 50% (or 0.50) relative concentration equates to a dilution of 2:1),

At high water (Figure 7a), the plume extends 2.3 kilometres downstream of the
discharge point and, within the core of the plume, has a mean concentration of 1.6%.
Maximum concentrations occur on the intertidal banks to the south of Duck Creek.

At high water plus one hour (Figure 7b), the plume still extends 2.3 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.0%. Maximum concentrations still occur on the intertidal banks to
the south of Duck Creek. A small plume of effluent is evident in Dawsons Creek.
This plume occurs because the previous flood tide pushes effluent up into the
Dawsons Creek arm. Because the model does not incorporate the freshwater inflows
from Dawsons Creek, the plume appears to remain intact and appears not to be
flushed out of Dawsons Creek. While the model shows that effluent from the
Warkworth sewage treatment works can end up in Dawsons Creek, concentrations
presented here should not be relied upon as being realistic. In reality, freshwater
inflows flush and dilute effluent in the creek.

At high water plus two hours (Figure 7¢), the plume extends 2.5 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.2%. Maximum concentrations occur on the northern intertidal
banks to the south of Duck Creek.

At high water plus three hours (Figure 7d), the‘plume extends 2.8 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.1%. Maximum concentrations now occur in the main channel as
the intertidal banks drain, especially nearer the discharge.

At high water plus four hours (Figure 7e), the plume extends 3.5 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 1,.7%. Maximum concentrations occur in the main channel.

At high water plus five hours (Figure 7f), the plume extends 4.3 kilometres
downstream of the discharge point and, within the core of the plume, has a mean

concentration of 1.9%. Maximum concentrations again occur in the main channel.

At high water plus six hours (Figure 7g), the plume extends 6.0 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
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concentration of 1.8%. Maximum concentrations now occur on the fringes of the
intertidal banks.

At low water plus half an hour (Figure 7h), the plume extends 6.5 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.7%. Maximum concentrations now occur in the top part of the
estuary near the discharge point. At this stage of the tide, the discharge has been
discontinued. However, the discharge within the previous hour has been to very
shallow water with low velocities. Hence, initial dilution is at the minimum and results
in the highest predicted plume concentrations near the discharge point.

At low water plus one and a half hours (Figure 7i), the plume extends 6.3 kilometres
downstream of the discharge point and, within the core of the plume, has 2 mean
concentration of 2.8%. Maximum concentrations now occur ¢n the fringes of the
intertidal banks.

At low water plus two and a half hours (Figure 7j), the plume extends 5.8 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.6%. Maximum concentrations are found in the channel north of
Hepbumn Creek.

At low water plus three and a half hours (Figure 7k), the plume extends 4.1 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.9%. Maximum concentrations occur evenly throughout the main
channe! north of Hepburn Creek.

At low water plus four and a half hours (Figure 71), the plume extends 3.8 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.5%. Maximum concentrations occur on the south intertidal banks
to the south of Duck Creek.

At low water plus five and a half hours (Figure 7m), the plume extends 2.4 kilometres
downstream of the discharge point and, within the core of the plume, has a2 mean
concentration of 2.1%. Maximum concentrations still occur on the south intertidal
banks to the south of Duck Creek.

Table 2 gives a summary of the above data as well as presenting average, minimum
and maximum effluent concentrations for the plume and estuary.

Plots of the plume throughout the following tidal cycle (Figure 7n-6z) are also
presented as they are offset relative to high water by half an hour instead of 1 hour as
in Figures 7a-7m. Analysis of the concentrations within the plume show no
significant picture to that above and so the data are not discussed further.

V"’
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PERCENTAGE EFFLUENT : WETLAND

Figure 8 shows the time series plots of percentage effluent concentrations for selected
sites within the main channel of the estuary. It can be seen that by the time the effluent
plume has reached Dawsons Creek (Figure 8a), the percentage of effluent present in
the top layer of the model (0-0.2m) is at a maximum concentration of 1.1% of the
discharge effluent concentration. This peak occurs at low water. The effluent
concentration is never zero, i.e., some effluent is present at all stages of the tide. As
the plume progresses further downstream, further mixing reduces peak effluent
concentration. Opposite Cowans Bay (Figure 7b), peak effluent concentrations are
0.33% (again at low water), and some effluent is present at all stages of the tide.
Opposite Dyers Creek (Figure 7¢), peak effluent concentrations are 0.41 at low water,
and effluent is always present throughout the tide. Opposite Grants Island (Figure
7d), peak effluent concentrations are 0.12% at low water. For 15% of the tidal cycle,
there is no effluent present in the top layer of the water column. By the time the
plume has reached Scotts Landing (Figure 7e), peak effluent concentrations never
exceed 0.05 % and show little parity with tidal conditions. For 23% of the tidal cycle
there is no effluent present in the top layer of the water column.

Figure 9 gives the time series plots of percentage effluent within the oyster farms
shown in Figure 4. No effluent from the sewage treatment works reaches the Huawai
Bay, Te Kapa Inlet or Puka Puka Inlet oyster farms (Figure 8a,b,d). For the Browns
Bay oyster farm (Figure 8c), concentrations of 0.15% effluent occur, and show no
strong tidal signal. Some effluent is present at the site for 65% of the tidal cycle. For
the Dyers Creek oyster farms (Figure 8e,f), peak values are 0.65% for the north site
and 0.22% for the south site and occur on the flooding tide. Some effluent is present
at the north site for 80% of the tidal cycle and at the south site for 65% of the tidal
cycle. Effluent at the Cowans Bay oyster farm (Figure 8g), reaches a peak value of
1.13% during the mid-flood tide. Some effluent is present at this site for 73% of the
tidal cycle. '

The predicted movement and characteristics of the plume are depicted in Figures
10a-z at hourly intervals after high water. These show the relative concentrations (in
% of initial effluent concentration) as predicted by the model for the “fixed” top layer

At high water (Figure 10a), the plume extends 2.4 kilometres downstream of the
discharge point and, within the core of the plume, has a mean concentration of 2.0% .
Maximum concentrations occur on the intertidal banks to the south of Duck Creek.

At high water plus one hour (Figure 10b), the plume extends 2.6 kilometres
downstream of the discharge point and, within the core of the plume, has a mean

/“‘“%WVIH?! ‘g
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concentration of 1.9%. Maximum concentrations occur on the northern intertidal
banks to the south of Duck Creek.

At high water plus two hours (Figure 10c), the plume extends 2.7 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.0%. Concentrations are relatively uniform over the plume.

At high water plus three hours (Figure 10d), the plume extends 2.8 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 1.6%. Maximum concentrations occur mainly in the main channel as
the intertidal banks drain.

At high water plus four hours (Figure 10e), the plume extends 3.5 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 1.8%. Maximum concentrations now occur on the fringes of the
intertidal banks.

At high water plus five hours (Figure 10f), the plume extends 4.2 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.4%. Maximum concentrations are found in the main channel.

At high water plus six hours (Figure 10g), the plume extends 6.5 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.6%. Maximum concentrations occur in the upper part of the plume
in the main channel.

At low water plus half an hour (Figure 10h), the plume extends 6.8 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.4%. Maximum concentrations are found on the fringes of the
intertidal banks in the upper part of the plume in the main channel.

At low water plus one and a half hours (Figure 10i), the plume extends 6.5 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 3.1%, Maximum concentrations still occur on the fringes of the
intertidal banks in the upper part of the plume in the main channel.

At low water plus two and a half hours (Figure 10;), the plume extends 5.7 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 2.4%. Maximum concentrations occur on the fringes of the intertidal
banks.

At low water plus three and a half hours (Figure 10k), the plume extends 4.6
kilometres downstream of the discharge point and, within the core of the plume, has a

— NI WA =
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mean concentration of 2.6%. At this and the next two hours, maximum concentrations
occur on the intertida! banks to the south of Duck Creek.

At low water plus four and a half hours (Figure 101), the plume extends 3.8 kilometres
downstream of the discharge point and, within the core of the plume, has a mean
concentration of 1.8%.

At low water plus five and a half hours (Figure 10m), the plume extends 2.4
kilometres downstream of the discharge point and, within the core of the plume, has a
mean concentration of 1.9%.

Table 2 gives a summary of the above data as well as presenting average, minimum
and maximum effluent concentrations for the plume and estuary.

Plots of the plume throughout the following tidal cycle (Figure 10n-10z) are also
presented, because they are offset relative to high water by half an hour instead of 1
hour as in figures (10a-10m). Analysis of the concentrations within the plume show
no significant picture to that above and so the data are not discussed further,

MI HA -
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NUTRIENT CONTRIBUTIONS FROM SEWAGE

NITROGEN

In addition to investigating the effect of the two discharge regimes on effluent
concentrations within the estuary the model was used to determine the concentrations
of nutrients within the estuary.

‘The ARC monitors the estuary on a regular basis for nutrient concentrations at various

sites around the estuary (ARC 1992). The mean dissolved inorganic nitrogen (DIN)
concentration for the sewage treatment works discharge is 10.6 mg/l and for dissolved
inorganic phosphorus (DRP) it is 6.0 mg/l. The mean discharge volume per day is
660 m’, so that, on average, the sewage treatment works contributes 2400 kg N/annum
and 1450 kg P/annum to the Mahurangi Estuary. By comparison, the input to the
Mahurangi Estuary from the Mahurangi River can be calculated from the monitoring
data from the College site. Specific yields calculated from this data (Stroud and
Cooper 1997 - Table 5) were applied to the total Mahurangi River catchment area of
54 km’, which yields 24192 kg N/annum for DIN and 1409 kg P/annum for DRP.
Stroud and Cooper (1997) also estimate the total point source loadings to waterways
within the total Mahurangi Estuary catchment (their Table 2). These are 7788 kg
N/annum for DIN and 1880 kg P/annum for the DRP. Therefore the sewage treatment
works is a major component of point source discharges within the catchment, and a
major contributer of DRP to the upper estuary. However, it is a minor contributer to
the annual land-based input of DIN to the upper estuary.

Predictions of estuary DIN and DRP concentrations, which are solely derived from the
sewage treatment works, were made with the model. Other sources of DIN and DRP
(e.g., from catchment runoff, sea water) were not included in these computations, For
DIN, we assumed an effluent concentration of 10 mg/l and non-conservative
behaviour, where DIN is lost by plant uptake and denitrification, by incorporating a
decay rate of 25 days. This decay rate is the slower of the two values reported in
Black et al. (1995) for the Manukau Harbour, For DRP, we assumed conservative
behaviour with an effluent concentration of 6 mg/1.

Figure 11 and 12 shows the time series plots of DIN concentrations for the staged
discharge at selected sites within the main channel and oyster farms of the estuary.
Fig 13 (a-z) maps the concentration of DIN in the plume and estuary over a tidal
cycle. These predictions are made assuming that the sewage discharge is the sole
source of DIN. Figures 14-16 show the equivalent situation for the wetland discharge.

The relative importance of the sewage discharge to DIN nutrient status of the estuary
can be assessed by comparing predicted and measured concentrations. Some of the

MNI"M v
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selected sites in Figures 11 and 14 are close to ARC monitoring sites {Auckland
Regional Council 1993). This data is summarised in Appendix 1, and is used for the
comparison. These comparisons are:

e Cement Wharf (Figure 11a And 14a) with ARC site 12

o 100m south of Duck Creek (Fig 11b And 14 b) with ARC site 15

¢ Dawsons Creek (Figure 11¢ And 14¢) with ARC site 23

e Dvyers Creek (Figure 11e and 14e ) with ARC site 29

o Grants Island (Figure 11f And 14f) with ARC site 31

The range of predicted concentrations are always less than observed concentrations,
These comparisons demonstrate that the sewage discharge makes a relatively small
contribution to the DIN concentrations in the estuary.

The difference between the stage and wetland discharges on DIN concentrations are
summarised in Table 3 and 4, which summarise information from Figures 11-16.
Overall, there is not a great deal of difference in the two discharges.

A complete set of plots of the plume concentrations (Figures 13 and 16) are provided

so that the concentrations of DIN contributed from the sewage can be estimated for
any site in the harbour.
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PHOSPHORUS

Figure 17 and 18 shows the time series plots of DRP concentrations for the staged
discharge at selected sites within the main channel and oyster farms of the estuary.
Fig 19 (a-z) maps the concentration of DRP in the plume and estuary over a tidal
cycle. These predictions are made assuming that the sewage discharge is the sole
source of DRP. Figures 20-22 show the equivalent situation for the wetland
discharge.

The relative importance of the sewage discharge to phosphorus nutrient status of the
estuary can be assessed by comparing predicted and measured concentrations. The
Auckland Regional Council (1993} only report data for the lower estuary. This data is
summarised in Appendix 1, and is used for the comparison. These comparisons that
can be made are:

» Dyers Creek (Figure 11¢ and 14¢ ) with ARC site 29

¢ Grants Island (Figure 11 And 14f) with ARC site 31

The range of predicted concentrations are similar to observed concentrations which
suggests that the sewage discharge makes a significant contribution to the DRP
concentrations in the estuary. However, this conclusion would be more robust if
comparisons could be made in the upper estuary, as was done for DIN. Measured
concentrations of DRP in the upper estuary do not seem to be available (Auckland
Regional Council 1993).

The difference between the stage and wetland discharges are summarised in Table 3
and 4, which summarise information from Figures 17-22. Overall, as expected from
earlier discussion, there is not a great deal of difference in the two discharges.

A complete set of plots of the plume concentrations (Figure 19 and 22) are provided,
so that the concentrations of DRP contributed from the sewage can be estimated for
any site in the estuary.
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DISCUSSION

The two discharge regimes produce different effluent concentrations at different sites
throughout the Mahurangi Estuary. For example within the main channel at Dawson
Creek the staged discharge gives a lower peak (and mean) effluent concentration
(Figures 5a, 8a) compared to the wetland discharge. However, opposite Grants Island
the reverse is true (Figure 5d, 8d). Likewise, within the core of the plume, at times
one discharge regime produces higher concentrations than the other, while at other
times, the reverse is true (Table 1-6). Similarly, for the oyster farm sites, some
receive higher effluent concentrations under the staged discharge regime than the
wetland discharge regime (Cowans Bay - Figures 6g, 9g), while others receive lower
effluent concentrations under the staged discharge regime than the wetland discharge
regime (Dyers Creek South - Figures 6¢, 9¢). The oyster farm at the north of Dyers
creek receives similar quantities of effluent from both discharge regimes.

DIN concentration within the main channel are very similar for the two discharge
regimes (Figures 11 and 14). Here the loss of nitrogen, effectively “smoothes” the
differences between the two discharge regimes. Similarly, within the oyster farm
sites, there are similar concentration values for the different discharge regimes.
However there are subtleties within the time series plots. For example, at the northern
Dyers Creek site, average concentrations are very similar, but the peak value for the
staged discharge is higher compared to the wetland discharge (0.041 mg/l compared to
0.024 mg/1). Lower nitrogen concentrations occur on the ebbing tide compared to the
flooding tide.

Data from the main channel sites should be used to give an indication of the worst
case effluent concentrations that could be encountered on inter-tidal areas outside the
main channels. This would happen if wind conditions were such that the plume
arrived “intact” at a channel site and was then displaced onto the adjoining inter-tidal
areas.

Clearly, there is no best discharge option in terms of the Mahurangi Estuary as a
whole. The data presented within this report will help to identify areas where one
regime provides lower concentrations than the other.
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APPENDIX 1

Relevant maps, tables and figures for Auckland Regional Council (1993) on water
quality monitoring data for the Mahurangi Harbour.
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APPENDIX 1
TABLE 3
WATER QUALITY MONITORING SITES

NO. LOCATION MAP REF

-
1 Mahurangi River/Warkworth Bridge R09 596,324
2 Mahurangi River/L Branch at Falls Rd R09 576,315
3 Mahurangi River/Water supply intake jetty RO9 594,322
4 Kowhai Park St at campsite bridge R09 594,327
5 Limeworks St at Sandspit Rd R09 596,328
6 Duck Creek at Hamilton Rd R09 629,313
7 Town Basin R09 597,324
8 Mouth of Mahurangi off Sadler and Tungutu R09 657,199
L2} U/S of S.T.P. outiall . RO9 605,323
10 S.1.P. Pebbie filter discharge R09 606,318
1" D/S of septic tank outfall RO9 608,317
12 Jetty D/S of cement works R09 615,310
13 Mahurangi River off Duck Creek R09 622,302
14 Recorder site R09 589,316
15 D/S off Duck Creek R09 623,297
16 Mahurangi River/R. branch at Woodcocks Rd R09 576,314
17 Mahurangi River D/S of Vialls Landing and S.T.P. RO9 622,294
18 S.H. Beacon/Estuary month (Hepburn Creek) R09 628,285
19 Mahurangi Heads R10 660,200
20 Te Kapa Inlet R10,666,233
21 Mahurangi/Dome Valley R09 573,343
22 Mahurangi/Mission Creek R09 575,340
23 Dawsons Creek mouth R09 644,281
24 Mahurangi/Perry Road R09 582,283
25 Mahurangi/Stillwater farm R09 576,283
26 Mahurangi/Pohuehue Stream R09 582,253
27 Mahurangi/Mahurangi Road R09 582,267
28 Mahurangi Harbour at Heads R09 654,203
29 /8 of Bradley Pt/At mouth of Dyers Creek R09 645,258
ao inshore Dyers Creek R09 637,255
31 Brownes Bay RO9 644,238
32 Pukapuka Inlet U/S of Oaua Point R09 635,234
33 Huawai Bay RO9 637,220
34 Jamieson Bay R09 642,216
A Limeworks Stream R09 597,330
B Duck Creek R02 631,313
c Adj to Warkworth-Sandspit Rd R09 630,323
D Stiliwater Farm R09 574,281
E Pohuehue Catchment-Electric Fishing R09 583,255
F Pohuehue Catchment-Benthic Invertebrates ROg 585,264




Results from water quality monitoring
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APPENDIX 2: FIGURES

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7a.

Figure 7b.

Figure 7c.

Figure 7d.

Input data for the staged discharge. Discharge volume 160 cubic metres
per hour. Commencing one hour before high water and continuing for 7.5
hours

Input data for the wetland discharge. Dilution of effluent through wetland
system assumed to be 50% during first 3 hours of tide. Discharge
volume varies throughout the tide starting at high water continuing for 7
hours

Mahurangi Estuary location map
Mahurangi Estuary bathymetry and location of oyster farms.

Time series of percent effluent for Staged discharge to Mahurangi River
for selected sites in the main channel

Percent effluent concentrations for Staged discharge to Mahurangi River.
Spatial average for oyster farms at sites as indicated

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
resulting from the tidally staged discharge from the Warkworth sewage
treatment works. River flow at 1 cumec and a mean tidal range of 2.5
metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus one hour resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus two hours resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus three hours resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.
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Figure 7e.

Figure 7f.

Figure 7¢g.

Figure 7h.

Figure 7i.

Figure 7;.

Figure 7k.

Figure 71.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus four hours resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus five hours resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus six hours resulting from the tidally staged discharge from the
Warkworth sewage treatment works, River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus half an hour resuiting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus one and a half hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus two and a half hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres,

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus three and a half hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus four and a half hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.
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Figure 7m.

Figure 7n.

Figure 7o.

Figure 7p.

Figure 7q.

Figure 7r.

Figure 7s.

Figure 7t.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus five and a half hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer {(0-0.2m) at high water
plus half an hour resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus one and a half hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works, River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface *“fixed” layer (0-0.2m) at high water
plus two and a half hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus three and a half hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus four and a half hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mearn tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus five and a half hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
resultiﬁg from the tidally staged discharge from the Warkworth sewage
treatment works. River flow at 1 cumec and a mean tidal range of 2.5
metres.
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Figure 7u,

Figure 7v.

Figure 7w.

Figure 7x.

Figure 7y.

Figure 7z.

Figure 8.
Figure 9.

Figure 10a,

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus one hour resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus two hours resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at | cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus three hours resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus four hours resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m} at low water
plus five hours resulting from the tidally staged discharge from the
Warkworth sewage treatment works, River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
resulting from the tidally staged discharge from the Warkworth sewage
treatment works. River flow at 1 cumec and a mean tidal range of 2.5
metres.

Time series of percent effluent for Wetland discharge to Mahurangi
River for selected sites in the main channel

Percent effluent concentrations for Wetland discharge to Mahurangi
River. Spatial average for oyster farms at sites as indicated

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
resulting from the discharge via wetland from the Warkworth sewage
treatment works. River flow at 1 cumec and a mean tidal range of 2.5
metres.
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Figure 10b.

Figure 10c.

Figure 10d.

Figure 10e.

Figure 10f.

Figure 10g.

Figure 10h.

Figure 10i.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus one hour resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus two hours resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus three hours resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at | cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus four hours resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at ! cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus five hours resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus six hours resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus half an hour resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus one and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.
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Figure 10;j.

Figure 10k.

Figure 10L.

Figure 10m.

Figure 10n.

Figure 100.

Figure 10p.

Figure 10q.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus two and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus three and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works, River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus four and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 meires.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus five and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus half an hour resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m} at high water
plus one and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus two and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus three and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.



Numetical modelling of Warkworth sewage discharge to Mahurangi Estuary KX]

Figure 10r.

Figure 10s.

Figure 10t.

Figure 10u.

Figure 10v.

Figure 10w.

Figure 10x..

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus four and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
plus five and a half hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
resulting from the discharge via wetland from the Warkworth sewage
treatment works. River flow at 1 cumec and a mean tidal range of 2.5
metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus one hour resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus two hours resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus three hours resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.

Perceﬁtage effluent in the surface “fixed” layer (0-0.2m) at low water
plus four hours resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean

- tidal range of 2.5 metres.

Figure 10y.

Percentage effluent in the surface “fixed” layer (0-0.2m) at low water
plus five hours resulting from the discharge via wetland from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range of 2.5 metres.
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Figure 10z

Figure 11. .

Figure 12,

Figure 13a.

Figure 13b.

Figure 13c.

Figure 134.

Figure 13e.

Figure 13f.

Percentage effluent in the surface “fixed” layer (0-0.2m) at high water
resulting from the discharge via wetland from the Warkworth sewage
treatment works. River flow at 1 cumec and a mean tidal range of 2.5
metres. '

Time series of Nitrogen concentration (mg/l) for Staged discharge to
Mahurangi River for selected sites in the main channel

Nitrogen concentration {(mg/l) for Staged discharge to Mahurangi River.
Spatial average for oyster farms at sites as indicated

Nitrogen concentration (mg/l} in the surface “fixed” layer (0-0.2m) at
high water resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus one hour resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus two hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus three hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus four hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus five hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at | cumec and
a mean tidal range (2.5 metre range).
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Figure 13g.

Figure 13h.

Figure 13i.

Figure 13j.

Figure 13k.

Figure 131

Figure 13m.

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus six hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus half an hour resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus one and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at |
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus two and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus three and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at |
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l} in the surface “fixed” layer (0-0.2m) at
low water plus four and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus five and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Figure 13n. Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at

high water plus half an hour resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).
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Figure 130.

Figure 13p.

Figure 13q.

Figure 13r,

Figure 13s.

Figure 13t.

Figure 13u.

Figure 13v.

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus one and 2 half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at ]
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus two and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at |
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l} in the surface “fixed” layer (0-0.2m) at
high water plus three and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus four and a half hours resulting from the tdally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus five and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works, River flow at |
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
low water resulting from the tidally staged discharge from the Warkworth
sewage freatment works. River flow at 1 cumec and a mean tidal range
(2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus one hour resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2,5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus two hours resulting from the tidally staged discharge from
the Warkworth sewage- treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).
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Figure 13w,

Figure 13x.

Figure 13y.

Figure 13z.

Figure 14,

Figure 15.

Figure 16a.

Figure 16b.

Figure 16¢.

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus three hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Nitrogen concentration {mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus four hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Nitrogen concentration {mg/1) in the surface “fixed” layer (0-0.2m) at
low water plus five hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumee and a mean
tidal range (2.5 metre range).

Time series of Nitrogen concentration (mg/l) for Wetland discharge to
Mahurangi River for selected sites in the main channel

Nitrogen concentration (mg/1} for Wetland discharge to Mahurangi River.
Spatial average for oyster farms at sites as indicated

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water resulting from the discharge via wetland from the Warkworth
sewage treatment works. River flow at 1 cumec and a mean tidal range
{2.5 metre range).

Nitrogen concentration {mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus one hour resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m} at
high water plus two hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).
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Figure 16d.

Figure 16e.

Figure 16f.

Figure 16g.

Figure 16h.

Figure 16i.

Figure 16j.

Figure 16k.

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus three hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l} in the surface “fixed” layer (0-0.2m) at
high water plus four hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus five hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus six hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus half an hour resulting from the discharge via wetland from
the Warkworth sewége treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

‘Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at

low water plus one and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus two and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus three and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).
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Figure 161.

Figure 16m.

Figure 16n.

Figure 160.

Figure 16p.

Figure 16q.

Figure lér.

Figure 16s.

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus four and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus five and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water plus half an hour resulting from the discharge via wetland
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2Zm) at
high water plus one and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus two and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water plus three and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration {mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus four and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Nitrogen concentration {mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus five and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).
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Figure 16t,

Figure 16u.

Figure 16v.

Figure 16w.

Figure 16x.

Figure 16y.

Figure 16z,

Figure 17.

Figure 18,

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water resulting from the discharge via wetland from the Warkworth
sewage treatment works. River flow at I cumec and a mean tidal range
(2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus one hour resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tida! range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus two hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l} in the surface “fixed” layer (0-0.2m) at
low water plus three hours resulting from the discharge via wetland from
the Warkworth sewage treatment works, River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus four hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus five hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Nitrogen concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water resulting from the discharge via wetland from the Warkworth
sewage treatment works. River flow at 1 cumec and a mean tidal range
(2.5 metre range).

Time series of Phosphorus concentration (mg/1) for Staged discharge to
Mahurangi River for selected sites in the main channel

Phosphorus concentration (mg/l) for Staged discharge to Mahurangi
River. Spatial average for oyster farms at sites as indicated
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Figure 19a,

Figure 19b.

Figure 19c.

Figure 19d.

Figure 19¢.

Figure 191,

Figure 19g.

Figure 19h.

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus one hour resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus two hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Phosphorus concentration {mg/1) in the surface “fixed” layer (0—0.2m) at
high water plus three hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Phosphorus concentration {mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus four hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l} in the surface “fixed” layer (0-0.2m) at
high water plus five hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water plus six hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus half an hour resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).
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Figure 19i.

Figure 19j.

Figure 19k,

Figure 191,

Figure 19m.

Figure 19n.

Figure 190.

Figure 19p.

Phosphorus concentration {mg/1) in the surface “fixed” layer (0-0.2m) at
low water plus one and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorué. concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
low water plus two and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
low water plus three and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
low water plus four and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
low water plus five and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration {mg/1) in the surface “fixed” layer (0-0.2m) at
high water plus half an hour resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus one and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus two and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).
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Figure 19q.

Figure 19r.

Figure 19s.

Figure 19t.

Figure 19u.

Figure 19v.

Figure 19w.

Figure 19x.

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water plus three and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus four and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water plus five and a half hours resulting from the tidally staged
discharge from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water resulting from the tidally staged discharge from the Warkworth
sewage treatment works. River flow at 1 cumec and a mean tidal range
(2.5 metre range).

Phosphorus concentration (mg/l} in the surface “fixed” layer (0-0.2m) at
low water plus one hour resulting from the tidally staged discharge from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus two hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works, River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus three hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
low water plus four hours resulting from the tidally staged discharge
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).
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Figure 19y.

Figure 19z.

Figure 20.
- Figure 21.

Figure 22a.

Figure 22b.

Figure 22c.

Figure 22d.

Figure 22e.

Phosphorus concentration {(mg/l} in the surface “fixed” layer (0-0.2m) at
low water plus five hours resulting from the tidally staged discharge from
the Warkworth sewage treatment works, River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water resulting from the tidally staged discharge from the
Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range (2.5 metre range).

Time series of Phosphorus concentration (mg/1) for Wetland discharge to
Mahurangi River for selected sites in the main channel

Phosphorus concentration (mg/l) for Wetland discharge to Mahurangi

River. Spatial average for oyster farms at sites as indicated

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water resulting from the discharge via wetland from the Warkworth
sewage treatment works. River flow at 1 cumec and a mean tidal range
(2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus one hour resulting from the discharge via wetland from
the Warkworth sewage treatment works, River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus two hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus three hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus four hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).



Numerical modelling of Warkworth sewage discharge to Mahurangi Estuary 45

Figure 22f.

Figure 22g.

Figure 22h.

Figure 221.

Figure 22j,

Figure 22k,

Figure 221.

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water plus five hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water plus six hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
low water plus half an hour resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus one and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Fhosphorus concentration {mg/1) in the surface “fixed” layer {(0-0.2m) at
low water plus two and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus three and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus four and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Figure 22m. Phosphorus concentration (mg/l} in the surface “fixed” layer (0-0.2m) at

low water plus five and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at |
cumec and a mean tidal range (2.5 metre range).
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Figure 22n.

Figure 22o0.

Figure 22p.

Figure 22q.

Figure 22r.

Figure 22s.

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
high water plus half an hour resulting from the discharge via wetland
from the Warkworth sewage treatment works. River flow at 1 cumec and
a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus one and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” tayer (0-0.2m) at
high water plus two and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water plus three and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1} in the surface “fixed” layer (0-0.2m) at
high water plus four and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Phosphorus concentration (mg/1) in the surface “fixed” layer {0-0.2m) at
high water plus five and a half hours resulting from the discharge via
wetland from the Warkworth sewage treatment works. River flow at 1
cumec and a mean tidal range (2.5 metre range).

Figure 22t. Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at

low water resulting from the discharge via wetland from the Warkworth
sewage treatment works. River flow at 1 cumec and a2 mean tidal range

(2.5 metre range).

Figure 22u, Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at

low water plus one hour resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).
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Figure 22v.

Figure 22w.

Figure 22x.

Figure 22y.

Figure 22z,

Phosphorus concentration (mg/1) in the surface “fixed” layer (0-0.2m) at
low water plus two hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus three hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus four hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
low water plus five hours resulting from the discharge via wetland from
the Warkworth sewage treatment works. River flow at 1 cumec and a
mean tidal range (2.5 metre range).

Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at
high water resulting from the discharge via wetland from the Warkworth
sewage treatment works. River flow at 1 cumec and a mean tidal range
(2.5 metre range).
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Fig 4. Mahurangi Estuary bathymetry and location of oyster farms.
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Figure 5: Time series of percent effluent for Staged discharge to Mahurangi River

for selected sites in the main channel
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Figure Ta. Percentage efftuent in the surface “fixed” layer ((-0.2m) at high warer resulting from the tidally staged
discharge from the Wadiworth sewage treatment works. River flow at | cumec and a mean odal range of 2.5 metres

Concentration att= 1 hours k=2

[

100
==

& @

. @

=
L

o 4?'?

1 I o '
{ km
70
Ba _— T —_— E— .-
10 20 a0 a0 0
|

Figure Th. Percentage effluent in the surface “fixed™ layer (U-0.2m) at high water plus ooe hour resulting from the tidally

staged discharpe from the Wardkwornth sewage trestment works. Kiver flow ot 1 cumee and o miean bdal range of 2.5
MELTes
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Figure Tc. Percentage effluent in the surface “fixed"” layer (0-0.2m) at high woter plus rwo hours cesulting from the tidally
staged discharge from the Warkworth sewage treatment works. River flow ar 1 cumec and » mean udal range of 2.5
meres
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Figure 7d Percentage effluent i the surface “fixed” loyer (0-0.2m) ar high water plus three hours resulting from the
tidally staged discharge from the Wadkworth sewage treatment works. River flow at 1 cumec and a mean tidal range of 2.5
mermecs
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Figure Te. Percentage efffuent in the surface “fixed” layer (0-0.2m) ar high water plus four hours resulting from the tidally
staged discharge from the Wartkworth sewage treatment works. River flow at 1 comec and a mean tidal range of 2.5
metres
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Figure Ti r'ru'rh[ugr effuent i the surdsce “fixed™ layver (0-0.2m) at high water plus five hours |r'\.|r|.Ijr|.F" {rom the tdally
staged discharge from the Warkworth sewage treatment works, River flow at 1 cumec and a mean tidal ranpe of 2.5
metres



Concentration att =6 hours k=2

140

% Effluent

0

80

Fipure Tg. Percentage effluent in the surface "fixed" layer (0-0.2m) at high water plus six hours resulting from the ndally
staped discharge from the Wadkworth sewape treatment works. River flow at | cumee and a mean tidal range of 2.5
metres
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Figure Th Percentage effluent in the surface “fixed™ layer (0-0.2m) a1 low water plus half an hooar Ir\.ll.l.l!].li?r_ oo the
tidally sraged discharge from the Wardkworth sewape treatment works. River How at 1 cumec and a mean oidal ange of 2.5
metres
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Figure 7i. Percentage efffuent in the surface “fized"” layer (0-0.2m) at low water plus one and a half hours sesultmg from
the tidally staged discharpe from the Wartkworth sewape treatment works. River flow at 1 cumec and a mean tidal moge of
2.5 metres

Concentration att=9 hours k=2

% Effluent

Figure 7). Percentage effluent in the surface “fixed” layer (0-0.2m) at low water plus two and a half hours resulting from
the tidally staped discharge from the Warkworth sewage treatment works. River flow at 1 cumec and o mean tidal range of
2.5 metres
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Figure Tk Percentage effluent in the surface “fixed" laver (0-0.2m) at low water plus three and a half bours resulting from
the Wackworth sewage treatment works. River flow at 1 cumec and a mean tidal range of

the tidally staped discharpe from
25 metres
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Figure 71 Percentage effluent in the surface “fixed™ layer (0-0.2m) ar low water plus four and o half hours resulting from
the tdally L!:iLH'L] rilﬁtj]liuur from the Warkworth SCWage reatment works, River flow at | cumec and & mean tidal ririghe ol
ik
2.5 metres
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Figure Tm. Percentage effluent in the surface “fixed” layer (0-0.2m) at low water plus five and o half houes resulting from
the tidally staged discharge from the Wadkworth sewage trestment wods. River flow at 1 cumec and a mean tdal mnge of
2.5 metres.

Concentrationatt= 13 hours k=2

=
20 @
= s |
b = s
LLi L
£
CITTIT] il
1 km .
TO 1
0.5
L1} IE
60 = - :

10 brui ] a0 a0 &0

Figure To. Percentage effluent in the surface “fixed” layer (0-0.Zm) ot high water plus half an hour resultmg from the
ticlally staged discharge from the Warkworth sewage treatment works. River flow ot 1 cumec and a mean tidal range of 2.5
ineloeEs
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Figure To. Percentage effluent m the surface “fixed™ layer (0-0.2m) at high water plus one and a half bours resulting [rom
the tidally staged discharpe from the Wadkworth sewage treatment works. River flow ar 1 cumec and 2 mean tdal mnge of
2.5 metres.
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Figure 7q. Percentage effluent in the surface “fixed™ layer (U-0.2m) at high water plos three and a half hours resulting
from the tidally staged discharge from the Warkwarth sewage treatment works. River low at 1 cumec and a mean tdal
mnpe of 2.5 metoes
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Figure 7r. Percentage effluent i the surface “fixed” layer (0-0.2m) at high water plus four and a half hours resulting from
the tdally soaged dlu‘h-ug.r from the Warkworth sewnge treatment works. River flow st | cumec and o mean tidal rmnge of
25 metres
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Figure 7s. Percentage effluent in the surface "fixed” layer (0-0.2m) at high water plus five and a hall hours resulting from
the tdally staped discharge from the Warkworth sewage earment works. River flow ar 1 cumec and a mean tidal range of
1.5 metres
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Figure Ti. Percentage efflvent m the surdace “fixed™ loyer (0-0.2m) at low water resuliing from the tidally staged Il["-Lh:l[P’{'
from the Warkworth sewape treatment works. River flow at 1 cumee and a2 mean tidal mange of 2.5 metoes
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Figure Tu. Percentage effluent in the surface “fixed” layer (0-0.2m) at low water plus one hour resulting from the udally
staged discharge from the Warkworth sewage trestment works. River flow at | comec and a mean tidal range of 2.5
metres
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Figure 7v. Percentage effluent in the surface “fixed” layer (0-0.2m) at low water plus two bours resultng from the tdally
staged discharge from the Warkwarth sewage treatment works. River flow ai 1 cumec and a mean tdal range of 2.5
IETTEs
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Figure 7x. Percentage effluent in the surface “fixed” layer (0-0.2m) at Jow water plus four hours resulting from the tdally
'\.l_q;;‘:'ql discharge from the Warkworth sewape (reatment woeks, River Bow at 1 cumec and a mean tidal range of 2.5
metres
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Figure Ty, Percentage efflueat in the surface “fixed” layer (0-0.2m) at low water plus five hours resulting from the tidally
staged discharge from the Warkworth sewage trestment works. River flow at 1 cumec and a mean tidal range of 25
metres
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Figure 7z, Percentage effluent in the surfsce “fixed" layer (0-0.2m) at high water resulting from the tidally staged
dh..._ll:ﬂp*lr fromn the Warkwarth sewape treatment works, iver low m 1 cumee and a mean tdal ruripe of 25 metres
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Figure 10a Percentage effluent in the surface “fixed" layer (0-0.2m) at high water resulting from the discharpe via wetland
from the Warkworth sewage treatment works, River flow at 1 comec and & mean tidal mnpe of 2.5 metres
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Figure 10b. Percentage effluent in the surface “fixed” layer (0-0.2m) at hiph water -||Iu- ome bour esulting from the
discharge via wetland from the Warkworth sewage treatment works. River flow at | cumee and a mean tidal range of 2.5
mietres
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Figure 10c. Percentage efffuent in the surface “fixed™ layer (0-0.2m) st high water plus two hours resulting from the
discharge via wetland from the Warkworth sewage treatment works. River flow at 1 cumec and a mean tdal range of 2.5
mietres
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Figure 10d. Percentage effluent m the surface “fixed™ layer (0-0.2m) at high water plus three houes sesulting from the
discharge via wetland from the Wadiworth sewage treatment works. River flow ar 1 comee and & mean tidal range of 2.5
metres



Efflusnt Concentration att=4 hours k=2

110

10

100

% Effluent

o o &0
1 km .
70 1
0%§
0]

Figure 10¢ Percentage effluent in the surface “fixed” layer (0-0.2m) at high water plus four hours resulting from the
discharge via wetland from the Warkworth sewage treatment works. River flow at 1 cumec and a mean tdal ranpge of 2.5

metres
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Figure 10 Percentage effluent m the surface "fived™ layer (0-0.2m) at high water plus five hous resulting from the
dise hurw' via wetland from the Warkworth sew age treatment works, River flow at 1 cumec and 8 mean tidal range of 25

melres
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Figure 10g. Percentage efffuent in the surface “fixed™ layer (0-0.2m) at high water plus six hours resulting from the
discharge via wetland from the Wadbworth sewage trestment works. River flow st 1 cumec snd o mean tidal range of 2.5
metres
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Figure 10h. Percentage effluent in the surface “fixed” layer ((-0.2m) at low water plus half an hour resulting from the
discharge via wetland from the Warkworth sewage treatment works. River fow at 1 cumec and a mean tidal ranpe of 2.5
metres
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Figure 10i Percentage effluent in the surface “fixed™ layer (0-0.2m) at low water plus one and a half hours resulting from
the discharge vis wetland from the Warkworth sewage treatment works. River flow at 1 cumiec and & mesn tidal range of
2.5 metres
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Figure 10). Percentage effluent in the surface "fixed” layer (0-0.2m) at low water plus two and a half houes resulting from
the discharge via wetland from the Wardkworth sewage treatment works. River flow at 1 cumee and & mean tidal ranpe of
25 metres
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Figure 10k Percentage effluent in the surface “fixed” layer (0-0.2m) at low water plus three and a half hours resulting
from the :!jm:]utgr- via wetland from the Warkworth sewage treatment works. River flow at 1| cumec and o mean tidal
range of 2.5 metres
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Figure 101 |.'r||.|'|:]|:_gr effluent i the surface "fixed™ laves ::|.'-l'.q_[I:I__- at low water |||||.-\. four and a half hours r~.'*l.:|'|1u:|J! troan
the discharge via wetland from the Warkwarth sewage treatment works. River flow at | cumec and a mean tidal range of
25 metres
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Figure 10m. Percentage effiuent in the surface “fixed™ ||lf-'r: (0-0.2m) ot low water plus five and a half bours resulting
from the discharge via wetland from the Warkworth sewage treatment works. River flow at 1 cumec and a mean tidal
range of 2.5 metres
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Figure 10n. Perx entage effluent o the surface “fixed™ l;l!..'r_‘l: 0-0.2m) at Jll}_{l. waler Fl]1l'\- hall an hour |l"||||.[“|.}: from the
discharge via wetland from the Warkworth sewage treatment works. River flow at 1 cumec and a mesn ndal range of 2.5
metres
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Figure 100, Percentage effluent in the surface “fixed” layer (0-0.2m) at high water plus one and a half hours resulting
froan the :qu._hn}!_r vin wetland from the Watkbworth sewage reatment we k=, River flow of 1 cumec mnd o mesn tidal
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Figure :I}p Percentage effluent in the surface “fixed” |.n!.-'l:'|: (0-0.2m) af ]|.|+:h. walet F']”" o and & half hourms 1|'1||.|Ij||F
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discharge via wetland from the Warkworth sewage treatment works. River flow at | cumec and 0 mean tidal range of 2.5
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Figure 130 Nitrogen concentration (mg/T) in the surface “fixed™ layer ((-0.2m) ot high water resultng from the tidally
staged discharpe from the Warkworth sewape treament works. River flow at 1 cumec and & mean tdal mope (2.5 metre

range)
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Figure 13b, Nitrogen concentration (mg/T) m the surface “fixed™ loyer (0-0.2m) at high water plus one hour resulting
from the tdally '\.Inp_flrd discharpe from the Warkworth sew ape treatmnent waorks Hiver flow ot | cumee and o mean tidal

range (25 metre range)
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Figure 13c. Nittogen concentration {mg/T) i the surface “fixed” layer (0-0.2m) at high water plus two hours resuliing
from the tidally staged discharge from the Wadkworth sewage treatment works. River flow ar | cumec and a mean nidal
range rd 5 metre range)
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I'j!l}ll_“r 13d. Nitropen concentrabon (mg/1) in the surface “fixed™ |.|.'!,'|-| (-0 2m) at |'_'a_1'_h water plas three hours resuling
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Figure 13¢ Nitrogen concentration (mg/[) in the sucface “fixed” layer (0-0.2m) at high water plus four hours resulting
from the tidally staged discharge from the Wadkworth sewage treatment works. River flow at | cumec and a mean tidal
range (2.5 metre mnge)
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Figure 13g. Nitrogen concentration (mg/T} in the surface “fixed" layer (0-0.2m) at high water plus six hours resulting
from the tidally staged discharge from the Warkworth sewage treatment works. River flow at 1 cumec and 2 mean tidal

range (2.5 metre tange)
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!'I-mllr 13k Nitrogen concentralion Illl.!.'__-"!'n m the surface “fxed ].I:ﬁ'r:l (0-0.2m) at low water |rh.|w- half an howr ll."‘llhll'l!'
from the tdally staged discharge from the Wadkworth sewage treatment wodks. River flow at 1 cumec and a mean tidal

range (2.5 metre range)
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Figure 13), Nitrogen concentralion .|:||_|"."|: in the surface “hxed” layer (0-0.2m) at low wates plus two and a half hours

resulting from the tidally '.I.._|_=_r-.| i |:;|'r:|_1_r froan the Warkwonh sewape treatment wodks. River flow at 1 cumec and a

mean tidal range (1.5 metre mnge)
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Figure 13k Mitrogen concentration (mg/T) m the surface “fixed” layer (0-0.2m) at low water plus theee and o halfl hows
resulting from the udally staged dischagge from the Warkworth sewage treatment works. River flow at 1 cumec and o
mean tidal range (2.5 metre range)
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Figure 13m. Nitrogen concentration (mg/1) in the sucface “fixed"” layer ((-0.2m) ar low water plus five and a half’ bouns
resulting from the ndally staged discharge from the Warkworth sewage treatment works. River flow ot 1 cumec and a
mean tidal range (2.5 metre range)
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Figure 13n. Nitrogen concentration (mg/1) in the surface “fixed” layer (0-0.2m) ot high water plus half an hour resuliing
from the tidally staged discharge from the Warkworth sewage treatment works. River flow at | cumee and a mean tdal
cange (2.5 metre range)
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Figure 130, Nitrogen concentrution [ng/1) i the sucface “fixed™ layes (0-0.2m) at high water plus one and o hall hours
resulting from the tidally staged discharge from the Watkworth sewage trestment works. River flow at 1 cumec and a
mean tdal ange (2.5 metre tmpe)
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Figure 13p. Nitrogen concentration (mg/l) m the surfsce “fixed” layer (0-0.2m) at hugh water plus two aod a half bours
resulting from the tidally staped discharge from the Warkworth sewage treatment works. River flow at 1 cumec and a

mean tidal range (2.5 mietre range)
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Figure 13q. Nitrogen concentration (mg/ ) m the surface "nxed™ layer (0-0.2m) sr high water plus theee and o hall bourn
u-wlrmg_ from the tdally staged dischape from the Wadiworth sewape treatment works. River flow at 1 cumec and o

memn tdal range (2.5 metre range)
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Figure 13r. Nitrogen concentration (mg/1) in the surface “fived" layer (0-0.2m) at hugh water phus four and s hall hours
H"-lll-']'l:l.g fromn the tdally '-I.'l;qr'-.l dizch e from the Warkworth sewape treatment works. River flow at | cumec and &

mean tidal rnge (2.5 metre moge)
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Figure 13s. Nitrogen concentration (mg/1) in the surface "fixed"” layer (0-0.2m]) st high water plus five and a half hours
|¢4.|_|i|_|_|:|§: from e tdally '.|.|P_1'11 discharge from the Warkwarth sewape treatment works, River flow at 1 cumec and a
mean tdal range (2.5 meire range)
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Figure 131 Nitrogen concentration (mg/1) in the surface “fixed” layer (0-0.2m) ut low woter resulting from the pdally
staged discharge from the Warkworth sewape treatment works. River flow ot 1 cumec and o mean tidal range (2.5 metoe
range)
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Figure 13u. Nitogen concentratiom {mgf1) in the wcface “fxed” layer (0-0.2m) ar low water plus ooe hour resulting
from the tdally staged discharpe from the Wardkworth sewage treatment works. River flow ot 1 comec and » mean tidal

range (2.5 metre mange)
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Figure 13v, Nitrogen concentration {mg/[) i the surfece “fxed" layer (0-0.2m) at low water plus two houn resulting
froan the tidally staged discharge from the Warkworth sewage treatment works. River flow al 1 cumec and a mean tida

range (2.5 metre range)
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Figure 13w. Nitrogen concentration (mg/]) in the surface "fixed” layer (0-0.2m) at low water plus three hours resulting
from the tidally staged discharpe from the Warkworth sewape treamment wordks. River flow a1 1 comec and a mean tidal
mnge (25 metre range)
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Figure 13x Nitrogen concentraton (mg/l) m the surface “fixed"” layer (0-0.2m) at low water plus four hours wesulting
from the tdally staged discharge from the Wadkworth sewape trestment works, River flow at 1 cumee and a mean tidal

range 2 5 metre range|
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Figure 13y, Nitrogen concentration "'L'.".i. in the surface “fixed” layer (0-0.2m) ot low wates EI|II‘ five hours resulting
from the tidally staged discharpe from the Warkworth sewage treatment works. River flow at 1 cumiec and » mean tidal

-~

range (25 metre [JIIJ.‘.I'I:

Concentration atl =25 hours k=2

1!
[

gfl.

-

Nitrogen (m
[= 2= ST SRy

1 km 32
01 -Ll
03 et

Figure 13z. Nitrogen concentrabion (mg/l) m the surface “fixed” layer (0-0.2m) at lugh water resulting from the tidally
staged discharpe from the W arkworth sewape treatment works. River flow at 1 cumec and 2 mean tdal range (2.5 metre
fange
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Figure 16a. Nitrogen concentration (mg/[) in the surface “fixed" layer (0-0.2m) at high water resulting from the discharpe

via wetland from the Wadkworth sewage rreatment works. River flow at 1 cumec and a mean tidal range (2.5 metre range
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Figure 16¢c. Nitrogen concentration {(mg/T) in the surface “fieed” loyer ([0-0.2m) ar ligh water plus two hours resultng
from the discharpe via wetlind from the Wakworth sewsge treatment works. River flow at | cumec and a mean tidal
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Figure 16e. Nitrogen concentration (mg/1) in the surface “fixed” layer (0-0.2m) ot high water plus four hours resuling
from the discharpge via wetland frem the Warkworth sewape trestment works. River flow st 1 cumee and & mean tidal
range (2.5 metre mnpe)
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Figure 16 MNitrogen concentrtion (mg/l) in the surface “fixed” laver (0-0.2m) a1 high water plus five hours resulung
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Figure 16g. Nitrogen concentration {mg/]) in the surface “fixed” layer (0-0.2m) ar high water plus six bours resuling
from the discharge via wetland from the Warkworth sewage treatment works. River flow at 1 cumee and 2 mean tidal
range (25 metre range)
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Figure 16) Mitrogen concentration (mg/1) in the surface "fixed" layer (U-0.2m) ot low wates Fl:lll" two and a half hours
resulting from the discharge via wetland from the Warkworth sewnge treatment works, River flow at | cumec and o mean
tidal range (2.5 metre range)
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Figire 16m. Nitrogen concentration (mg/1) in the surfsce “fixed” layer ([0-0.2m) at low water plus five and a half houn
resulting from the discharge via wetland from the Warkworth sewage treatment works. River flow at 1 cumec and a mean
tidal range (2.5 metre rnpe)
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Figure 160 Nitropen concentration =||!.'_.-"|_- in the surface “fixed™ laver (0-0.2m) a1 high wates plus one and a half hous
resulting from the discharge via wetland from the Werkworth sewage treatment works. River flow at | cumec and a mean
ndal range (2.5 metre ranpe)

Concentrationatt=15hours k=2

110

100

=
N

litrogen (mafl
(WE =2yas— -

[}

a1}

Figure 16p. Nitrogen concentration (mg/T) m the surface “fixed” layer (0-0,2m) m high water phus two and a half hours
resulting from the discharge vis wetland from the Wardkworth sewage trestment works, River flow at | comec md & mean
tidal range (2.5 metre range
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Figrure 16 Mitrogen concentration (mg I} i the surface “fixed” !.'I:q.'l‘l (0-0.2m}) ai high water |l|l.:' three and a hall houn
resulting from the discharpe via wetlimd from the Warkwarth sewage trestment warks River flow at 1 cumec and a mean
tidal range (2.5 metre tange)
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Fyrure 161 Mitrogen comcentration lllllL'l".!' in the surface “fixed” layer (0-0.2m) ot high water |:-:"'"|' four and & half howae
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Figure 16s. Nitmogen concentmtion (mg/1) in the surface “fixed" layer (0-0.2m) at high water plus fve and a half hours
resulting from the discharge via wetland from the Wadkworth sewage trestment works, River flow at 1 cumee and a mean
tidal range (2.5 metre ranpe)
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from the discharpe via wetlmd from the Wadoworth sewage treamment works. River flow ar | comec and & mean tdal

mnge (2.5 metre tange)

Concentraton att= 21 hours k=2

-

100

— -

o "
1 Km

o

B0
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Figure 16w, Nitmogen concentration (mg/1) in the surfsce “fixed™ layer (0-0.2m) st low water plus three hours vesulting
from the discharge via wetlmd from the Warkworth sewape treatment works. River flow at 1 cumec and 2 mean tidal
range (1.5 metre mope)
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Figure 16x Nirogen concenteation (mg/I) in the surface “fixed™ layer (0-0.2m) ar low water pluas four bous resulimg
Irom the discharge vio wetlimd from the Warckworth sewWape reatment works, Hiver flow at 1 comec and a mean tidal
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Figure 16z, MNitrogen concentralion -||J:|:.] in the sorfece “hxed” lover (0-0.2m) at high water resulting from the .1jl.|_||..;|||u;
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Figure 19 Phosphors concentration (mg/1) in the surface “fixed" layer (0-0.2m) at high water resulting from the tdally
staged fl'-“-""-“F'."‘ from the Warkworth sewage treatment works. River flow at | cuomec and a2 mean tdal range 2.5 metne
range]
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Figure 19b. Phosphoms concentraton (mg/T) in the surdfsce “fixed” layer (-0 2m) at high water plos one hour resulting
from the |.1|L|[E:; Llngr_'d dizcharpe from the Wadbwornth scwage treatment works. River flow ar 1 cumec and » mean nidal
range (2.5 metre range
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Figure 1%d. Phosphorus concentration (myg)/l) in the sudface “fixed"” layer (0-0,2m) ot high water plus theee hours cesulting
frevm the tockally staped dise ||.|.'::.{r' from the Wakworth sewape treatment works, River fow ot 1 cumec and a mean tidal
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Figure 1%. Phosphorus concentmation (mg/T) in the surface “fixed" layer (0-0.2m) at high water plus four bours resulting
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Figure 191, Phosphorus concentration (mg/l) m the surface "fixed” layer ([{-0.2m) at high water plus five hours resulting
from the tidally staged discharpe from the Wadoworth sewage treatment warks. River flow at 1 cumec and & mean tidal

cange (2.5 metre mnge)
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Figure 19g. Phosphorus concentration (mg/1) in the surface “fixed" layer (0-0.2m) at high water plus six hours vesulting
fraom the tdally staped discharpe from the Wadcworth sewage treatment works. River ow at 1 cumec and o mean tdal
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Figure 1%h I"':|n-.|r||- aus concentration (me/ 1) n the surface " fixed” layer (0-0.2m) at low water plus hali an hour resulting

from the tidally staged discharpe from the Wadowornh sewage trearment wodks: River flow at 1 cumec and o mean tdal

ranpe (2.5 metre range)
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Figure 19, Phosphoms concentration (mg/1) in the surface “fixed" layer (0-0.2m) at low water plus one and a half houn
|'J*=II-I|!II:I.F*_ from the tdally '.IJ"_!"!" |I|1-.J||||ﬂ1.‘ from the Warkworth sewage treatment works. River flow at 1 comec and o
mean tidal mnge (2.5 metre manpe)
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Figure 19). Phosphorus concentration {mg/1) in the surface “fixed"” layer (0-0.2m) ai low water plus two and a half hour
resulting from the ndally staged discharge from the Warkworth sewage treatment wodks. River flow at 1 cumec and a
mean tidal rmge (2.5 metre range)
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Figare 17k ]:'ilfﬁ-lfltl-ll'.l' concentration (mg/T) m the surface “fxed” layer (0-0,2m) o low water plus three and o half
hours resulting from the tidally staped discharge from the Wadkworth sewapge treatment works. River flow at 1 cumec and
o mean tidal mope (2.5 metre ranpe)
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Figure 191 Phosphors concentration {mg/1) i the surface “fixed™ laver [(-0.2m) at low water plus four and a half houn
resuliing from the tndally staged discharge from the Warkwaorth sewage treatmen! wor River Bow at 1 cumee and a

-

mean tidal range (2.5 metre ranpe
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Figure 19m. Phosphoms concentration (mg/1) in the surface “fixed” layer (0-0.2m) at low water plus five and o half hours
resulting fresmn the tidally '.1.L|.‘_I<'-"! ||l'-J.'!|;;|:J,N' from the Warkworth sewnge treatment works. River flow ot | cumec and a
mean Udal mnge (2.5 metre cange)
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Figure 190 Phosphars concentration (mg/l) i the surface “fixed” loyer ((-0.2m) ar high water plus half an hous
resulting from the tdally staged discharge from the Warkworth sewage treatment works. River flow at 1 comec and »

miean tidal range (2.5 metoe ranige|



Concentration att = 14 hours k=2

os

1 km

Phosphorus {mgl)
o
e

Figure 19%0. Phosphors concentration (mg/1) in the surface “fixed” layer (0-0.2m] at high water plus ane and o half hours
resultmp from the ddally staged disc lH'I.F.'-' from the Warkwaith SCWARE LOCAIIENT Wi wks. River flow ot 1 cuomee and o
mem tidal moge (2.5 metre range)
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Figure 19p. Phosphoms concentration (mg/T) in the surface “fixed” layer (0-0.2m) at high water plus two and a half hours
resultng from the ndally staged discharge from the Warkworth sewage eatment works, River flow a1 1 cumec and a
mean tidal moge (2.5 metre mnge)



Concentration att = 16 hours k=2

)

Ml

1 km

Phosphorus (

|-|H“”- [".lq] irhtu.llll.llrl.ln. concentration ;mg."'l'l in the surfsce “fixed" layer (0-00 1n:|__ al I”FJ' waler F:iu\ three and » hal
hours resulting foom the tdally siaged dischiarge from the Warkworth sewage treatment works. River flow at 1 cumec and
o mean tidal range (25 metre mnge)

i

Concentration att= 17 hours k=2

110

100
=) )
-E":'- .
w ) r
2
(=}
- - S
=
1 km 'l
-
80

Figure 19¢. Phosphorus concentration (mg/I) in the surface “foced” layer (0-0,2m) at high water plus four and a half hours
resulting from the tdally staged discharge from the Warkworth sewage treatment works. River flow at 1 cumec and a

mean tidal mnge (2.5 metre mnge
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Figiire 19s I’ijn"-l,ri“:-lll'. concentration (mg/ I} in the surface “fixed" J.I!.'l":l. [0-0.2m) ot |l||¢|'. wiles E1]'|I'. five and a half hour
""""I‘M'H from the tdally \I.l_;.gfni |i|m_']|.|.rHr from the Warkworth sewnge treatmen works, River flow at 1 comec and a
meun tdal range (2.5 metre mnge)
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Figure 190 Phosphorus concentration (mg/]) in the surface “fixed"” layer (0-0.2m) at low water resulting from the tidally
staped discharpe from the Wadkworth sewape reatment wooks River flow at 1 cumec and o mean tdal mange (2.5 metoe

runge)
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Figure 19u. Phosphorus concentration (mg/T) in the surface “fixed™ layer ((-0.2m) at low water plus one hour resultng
from the tidally staged discharge from the Wadoworth sewage trestment works, River flow ot 1 comee and a mean tidal
range (25 metre range
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Figure 19, Phosphorus concentration I:||_|.I__-'|.| m the surface "hxed” layer (0-0.2m) st low wates plus two hours e "\I.II.':II||,'
from the tdally staged discharge from the Wadkworth sewage treatment waorks. River flow at 1 cumec and a mean tidal
mape (2.5 metre mange
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Figure 19w, Phosphorus concentration (mg/1) in the surface “fixed" layer (0-0.2m) at low water plus three hours resuliing
from the ndally staged discharge from the Warkworth sewape treatment works, River flow at 1 cumec and o mean tidal
range (2.5 metre ranpe)
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Figure 19¢ Phospborus concentmtion (mg/1) m the sudfnce “fixed"” layer (0-0.2m) at low water plus four hours resultmg
from the tudally staged discharpe from the Warkworth sewage reatment works, Kiver flow at 1 cumee and a mean tGdal
range (1.5 metre mnge
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Figure 19y. Phosphorus concentration {mg/T) in the surface “fixed™ layer (0-0.2m) at low water plus five hours resulting
from the ndally -\.rul.:_l'vl‘l dise ||..|1:|_1r' from the Warkworth sewage treatment works, River flow at 1 cumers and a mean tdal
mnpe (2.5 metre mnge)
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Figure 192 Phosphors concentration (mg/T) m the surface “fixed” layer (0-0.2m) st lugh water resultng from the tdally
staged discharge from the Wardkworth sewape treatment works. River flow at 1 cumec and a mean tidal range (2.5 metre
ranpe
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Figure 22a Phis nr:!l]-;_;q'u*. concentranon -|||F-_."i: in the surface “fixed” loyer ([0-0.2m] st hugh watex r-'"~u]|ll|y_ froan the
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Figure 22b. Phosphoms concentration {mg/1) in the surface “fixed” layer (0-0.2m) at lugh water plus ane hour resulung
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Figure 22e Phosphorus concentration (mg/]) in the surface “fixed” layer (0-0.2m) ot high water plus four hours resulting
from the discharge via wetland from the Warkworth sewape treatment works. River flow at 1 comec and 2 mean ndal

rmoge (2.5 melre ange)
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Fipure 22{ Phosphorus concentration (mg/l) in the surface “fixed” layer (0-0.2m) at high water plus five hours resulung
fromn the discharge via wetland from the Wardcworth sewage treatment works. River flow at | cumec and a mean tidal

range (2.5 metre funge)
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Figure 22h Phosphorus concentration (mg/l) in the surface “fived"” loyer (0-0.2m) at low water plus half sn hour resulting

from the disc ||u4lj'f" via wetland from the Warkworth sewWape freatment works. River flow at 1 cumec and a mean tidal
range (2.5 metre mange)
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Fignre 22i Phosphorn concentration (mg/T) in the surface “fixed”™ layer (0-0.2m) ot low water plus one and a half bours
resulting from the discharpe via wetland from the Wardcworth sewage trestment works. River flow a1 1 comec and & mean

tidal range (2.5 metre rmpe
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Figure 22k. Phosphomus concentration (mg/1) in the surface “fixed" layer (0-0.2m) at low water plus three and a half
bours resulting from the discharge vin wetland from the Warkworth sewage treatment works. River flow at 1 cumec and o
mean tidal range (2.5 metre moge)
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Figure 221, Phosphorus concentration (mg/1) in the surface “fixed™ loyer (0-0 2m] ot low water plus four and a half hour
resultmg from the 11|$l:'h4||.!|:' via wetlmnd from the Wadbworth scwage Dreatment works. River flow gt 1 cumec and 8 mean
tidal rmpge (2.5 metre mange)
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Figure 22m. Phosphors concentration (mg/T) mn the surface “fixed” layer (0-0.2m) at low waler plus five and o half howrs

resulting from the discharpe via wetlend from the Waddworth sewape treatment works. River flow ot 1 cumec and

tidal mange (2.5 metre ange)
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Figure 22p. Phosphorus concentration (mg/]) m the surface “fixed" layer (0-0 2m) at high water plus two and a half houn
resulting froomm the discharge via wetland from the Warkworth sewape treatment works. River flow at | cumec and a mean
tidal range (2.5 metre range
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Figure 22q, Phosphors concentration (mg/1) in the surfsce “fixed"” layer (0-0.2m) ar high water phos theee and a half
hours resulting from the discharge via wetland from the Warkworth sewape treatment works. River flow at 1 cumec and a

mean tidal raoge (2.5 metre range)
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Figure 22¢, Phosphoros concentrabon (mg/]) in the sudace “fived"” layer (0-0.2m) a1 high wates |'-i|||' four and a half hesar
resultmg from the discharge vis wetland from the Warkworth sewage treatment works, River How ot 1 cumee and & mean

tidal ranpe (2.5 metre range)
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Figure 22s. Phosphorus concentration (mg/T) in the surface “fixed" layer (0-0 2m) at high water plus five and o half hour
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Figure 22u. Phosphorus concentranon (mg/]) in the surface “fixed” layer (0-0,2m) ar low water plus one hour resultng
fromn the discharge via wetland from the Warkworth sewage trestment works. River flow at 1 cumec and a mean tidal
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Figure 22w. Phosphorus concentration (mg/1) in the surface “fixed”™ layer (0-0.2m) at low water plus three hours resulting
from the discharpe via wetland from the Wadkworth sewage treatment wodks. River flow at 1 cumec mnd 2 mean tdal
range (2.5 metre range)
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Figure 23y I‘hu-.plmm-. concentraton -lll}'!”:l i the surfoce “fixed™ loyer (0-0.2m) ot low water }1!1,|r. five hours [::-.uhu]!i
from the discharpe via wetland from the Wadoworth sewage treatment wods. River flow at 1 cumec and o mean ndal

¥

mnpe (2.5 metre range)

Concentration att= 25 hours k=2

1
|
=] B
E R
u I
S 05 4=
c
|
s
11T o
1 km T |
LI1E'
0D fom

Figure 22z, Phosphoms concentanon (mg/l) in the surface “fixed” layer (0-0.2m) at hogh water resultng from the
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