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ABSTRACT
This study compares the performance of two natural wastewater treatment systems; waste
stabilisation ponds (WSP) and High Rate Algal Ponds (HRAP) in rural South Australia. The
systems were located in similar geographic and climatic zones, East North East of Adelaide.
The WSP treated the domestic wastewater from the township of Lyndoch, with an approximate
population of 1,750 inhabitants, and daily treatment plant influent of 165 kL. The HRAP treated
domestic wastewater from the smaller township of Kingston-on-Murray, with an approximate
population of 140 producing daily treatment plant influent of 12 kL. All households in both
townships had domestic septic tanks connected to a reticulation system to harvest their
overflow to a central sump and pump station that pumped to the treatment plant. The WSP
treatment plant was a three cell system with gravity feed between ponds, and a theoretical
hydraulic retention time of 36 days in pond 1 and 15 days each in pond 2 and 3, for a total of 66
days. This system was observed over a period of two years. The HRAP was a single raceway 30
m x 5 m with adjustable depth settings. The HRAP was run at 0.32 m, (θ=4.7 d), 0.42 m (θ=6.6 d)
and 0.55 m (θ=9.2 d). The depth setting was altered regularly to encompass observation periods
in all seasons at all depths. This system was observed for a year. A second period of 9 months of
HRAP observations was made in a similar manner, this time using wastewater that had already
spent approximately 36 days in a facultative pond.
Parameters measured at both sites in all ponds were:


Continuously logged water temperature, dissolved oxygen and pH
Continuously logged weather data – temperature, wind speed & direction, total solar
radiation, UV radiation, rainfall.

xiii



Water samples collected at regular intervals from inlets and all ponds and returned to
the laboratory for estimations of the following:o E. coli enumeration
o Chlorophyll a
o Suspended solids
o Turbidity
o BOD5
o Nutrients:– NH4-N, NO2-N, NO3-N, PO4-P

The results were analysed to compare both the disinfection performance of the two systems and
the relative ability to remove nutrients. A comparison was also made of the albazod productivity
of the two systems.
A mathematical model to predict the E. coli concentration in the HRAP effluent was constructed
and the model outputs were compared with eight separate periods of intensive observation of E.
coli numbers over periods of two to five days at a time. There was good correlation between
model output and E. coli concentration observations.
The study answered in the affirmative the question of whether a High Rate Algal Pond system
could replace a Waste Stabilisation Pond system in rural South Australia. It also offers clear
advice on the design and operation of a High Rate Algal Pond system in rural South Australia.
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128

Pond (HRAP). Picot et al. (1992)
Fig. 1-20

Plan view (not to scale) of the WSP:HRAP comparison ponds at Meze,

128

France (Picot et al., 1992)
Fig. 1-21 HRAP operation configurations used at Grahamstown (Wells, 2005)

129

Figure 1-22. Ammonium levels at discharge from the treatment elements in Flow C

130
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(Wells, 2005)
Figure 1-23. Nitrate levels at discharge from the treatment elements in Flow C (Wells,

131

2005)
Figure 1-24. Phosphate levels at discharge from the treatment elements in Flow C

131

(Wells, 2005)
Figure 1-25. Log10 E. coli levels at discharge from the treatment elements in Flow C

131

(Wells, 2005)
Fig.2-1

Section taken from the site plan of the Kingston on Murray Community Waste

136

Management Scheme incorporating a 5 cell waste stabilisation pond system and a high rate
algal pond and a storage pond.

Fig.2-2 HRAP site plan with modified design overlain

138

Fig. 3-1 HRAP1 Daily maximum & minimum and 5 day average for:- a. air temperature

168

and rainfall b. Water Temperature c. dissolved oxygen and d. pH recorded on-site at
Kingston-on-Murray during the study period.
Fig. 3-2 Scatterplots with linear regressions and 95% confidence intervals in grey

171

shade of (a.) PO4-P concentration against minimum pH and (b.) chlorophyll a
concentration against maximum pH.
Fig. 3-3 Daily average wind speed and direction recorded on-site at Kingston-on-

172

Murray for the period April 2010 to May 2012.
Fig 3-4 Violinplots for HRAP1 fed septic tank effluent showing areal BOD5 loading rate

176

(kg BOD5 /ha/d) by pond depth; 0.32m (Shlw); 0.43m (Med) and 0.55m (Deep) at
wastewater temperatures <17.6⁰C (Cold) or >17.6 ⁰C (Hot) the median wastewater
temperature throughout this study period.
Fig 3-5 Violinplots for HRAP1 fed septic tank effluent showing areal E. coli loading
rate (log10 /ha/d) by pond depth; 0.32m (Shlw); 0.43m (Med) and 0.55m (Deep) at
wastewater temperatures <17.6⁰C (Cold) or >17.6 ⁰C (Hot) the median wastewater
temperature throughout this study period.
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Fig 3-6 Violinplots for HRAP1 fed septic tank effluent showing areal Inorganic-N

178

loading rate (kg Inorg-N /ha/d) by pond depth; 0.32m (Shlw); 0.43m (Med) and 0.55m
(Deep) at wastewater temperatures <17.6⁰C (Cold) or >17.6 ⁰C (Hot) the median
wastewater temperature throughout this study period.
Fig. 3-7 Time series for the HRAP1 fed septic tank effluent showing the relationship

179

between pond chlorophyll a concentration and (a) the daily total solar insolation, and
(b) 5 day average pond temperatures with median temperature as blue line.
Fig. 3-8 Scatterplots and linear regression lines with 95% confidence interval shading

183

of – (a.) measured Algal Productivity 2 against Algal Productivity as predicted by the
Oswald equation in the cold period, and (b.) measured Algal Productivity 2 against
Algal Productivity as predicted by the Oswald equation in the hot period
Fig. 3-9 Algal Productivities (g/m2/d) and 95% CI bars as calculated by (a.) Oswald

183

equation predictions, black line (b.) Measured albazod & assuming algae as 60% of
albazod, red dashed line (c.) Measured chlorophyll a & assuming algae containing 2%
chlorophyll a, green dashed line
Fig. 3-10 Typical 4 day periods of daily solar irradiance in (a) summer and (b) winter at

185

the HRAP site compared to the irradiance known to initiate photoinhibition (65.7
W/m2) drawn in as the horizontal dark blue line.
Fig 3-11 Beanplot showing proportion of BOD5 removed from the HRAP1 fed septic

192

tank treated effluent- displayed by pond depth (Shlw, 0.32m, Med, 0.42 m & deep,
0.55m) and wastewater temperature (>17.6⁰C or <17.6⁰C, hot or cold respectively)
Fig 3-12 Beanplot showing proportion of NH4-N removed from the HRAP1

192

fed septic tank treated effluent- displayed by pond depth (Shlw, 0.32m, Med, 0.42 m
& deep, 0.55m) and wastewater temperature (>17.6⁰C or <17.6⁰C hot or cold
respectively)
Fig. 3-13 HRAP 1 loess fit and 95% confidence intervals for Inorganic-N incoming (red)
and outgoing (blue), outgoing as algal-N (green) and outgoing as ammonia (purple)
over time
Fig 3-14 Beanplot showing Inorganic-N removal by the HRAP1 fed septic tank treated
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effluent- displayed by pond depth (Shlw, 0.32m, Med, 0.42 m & deep, 0.55m) and
wastewater temperature (>17.6⁰C or <17.6⁰C hot or cold respectively)
Fig 3-15 Beanplot showing proportion of PO4-P removed from the HRAP1

195

fed septic tank treated effluent- displayed by pond depth (Shlw, 0.32m, Med, 0.42 m
& deep, 0.55m) and wastewater temperature (>17.6⁰C or <17.6⁰C hot or cold
respectively)
Fig. 3-16 HRAP 1 – loess fit and 95% confidence intervals for Chlorophyll a (green) &

198

PO4-P (brown) over time
Fig. 3-17 HRAP 1 – loess fit and 95% confidence intervals for PO4-P incoming (red) and

198

outgoing (blue) and outgoing as algal-P (green) over time
Fig 3-18 Beanplot showing the concentration of Suspended Solids (volumetric) exiting

199

the HRAP1 fed septic tank treated effluent - displayed by pond depth (Shlw, 0.32m,
Med, 0.42 m & deep, 0.55m) and wastewater temperature (>17.6⁰C or <17.6⁰C hot or
cold respectively)
Fig 3-19 Beanplot showing the areal density or standing crop (g/m2) of suspended

200

solids in the HRAP1 (excluding Feb. data) fed septic tank treated effluent - displayed
by pond depth (Shlw, 0.32m, Med, 0.42 m & deep, 0.55m) and wastewater
temperature (>17.6⁰C or <17.6⁰C hot or cold respectively)
Fig 3-20 Beanplot showing E.coli LRV by the HRAP1 fed septic tank treated effluent-

201

displayed by pond depth (Shlw, 0.32m, Med, 0.42 m & deep, 0.55m) and wastewater
temperature (>17.6⁰C or <17.6⁰C hot or cold respectively)
Fig 3-21 HRAP1 95% family-wise confidence level of comparison of means of E. coli

204

LRV by Pond Depth & Pond Temperature
Fig. 3-22 HRAP 1 – loess fit and 95% confidence intervals for E. coli concentration

205

incoming (red) and outgoing (blue) over time
Fig. 3-23 HRAP2 receiving facultative pond effluent: Daily maximum & minimum and
5 day average for:- a. air temperature and rainfall b. Water Temperature c. DO and d.
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pH recorded on-site at Kingston-on-Murray during the study period.
Fig 3-24 Violinplots for HRAP2 fed facultative pond effluent showing areal BOD5

209

loading rate (kg BOD5 /ha/d) by pond depth; 0.32m (Shlw); 0.43m (Med) and 0.55m
(Deep) at wastewater temperatures <18.3⁰C (Cold) or >18.3 ⁰C (Hot) the median
wastewater temperature throughout this study period.
Fig 3-25 Violinplots for HRAP2 fed facultative pond effluent showing areal Inorganic-N

209

loading rate (kg Inorg-N /ha/d) by pond depth; 0.32m (Shlw); 0.43m (Med) and 0.55m
(Deep) at wastewater temperatures <18.3⁰C (Cold) or >18.3 ⁰C (Hot) the median
wastewater temperature throughout this study period.
Fig 3-26 Violinplots for HRAP2 fed facultative pond effluent showing areal E. coli

210

loading rate (log10 E. coli /ha/d) by pond depth; 0.32m (Shlw); 0.43m (Med) and 0.55m
(Deep) at wastewater temperatures <18.3⁰C (Cold) or >18.3 ⁰C (Hot) the median
wastewater temperature throughout this study period.
Fig. 3-27

Time series for the HRAP2 fed facultative pond effluent showing a)

211

chlorophyll a concentration and total solar irradiance and b) the chlorophyll a and
HRAP2 wastewater temperatures (with blue 18.3°C median line) over the period 1
May 2010 to 1 Apr 2011.
Fig 3-28 Beanplot showing proportion of BOD5 removed from the HRAP2 -

216

fed facultative pond treated effluent- displayed by pond depth (Shlw, 0.32m, Med,
0.42 m & deep, 0.55m) and wastewater temperature (>18.3⁰C or <18.3⁰C, hot or cold
respectively)
Fig 3-29 Beanplot showing proportion of NH4-N removed from the HRAP2 -

216

fed facultative pond treated effluent- displayed by pond depth (Shlw, 0.32m, Med,
0.42 m & deep, 0.55m) and wastewater temperature (>18.3⁰C or <18.3⁰C, hot or cold
respectively)
Fig. 3-30 HRAP 2 loess fit and 95% confidence intervals for Inorganic-N incoming (red)
and outgoing (green), outgoing as algal-N (blue) and outgoing as ammonia (purple)
over time
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Fig 3-31 Beanplot showing Inorganic-N removal by the HRAP2 - fed facultative pond

219

treated effluent- displayed by pond depth (Shlw, 0.32m, Med, 0.42 m & deep, 0.55m)
and wastewater temperature (>18.3⁰C or <18.3⁰C, hot or cold respectively)
Fig 3-32 Beanplot showing proportion of PO4-P removed from the HRAP2 - fed

219

facultative pond treated effluent- displayed by pond depth (Shlw, 0.32m, Med, 0.42
m & deep, 0.55m) and wastewater temperature (>18.3⁰C or <18.3⁰C, hot or cold
respectively)
Fig. 3-33 HRAP 2 – loess fit and 95% confidence intervals for PO4-P incoming (red) and

220

outgoing (green) and outgoing as algal-P (blue) over time
Fig 3-34 Beanplot showing the volumetric amounts of Suspended Solids exiting the

221

HRAP2 - fed facultative pond treated effluent- displayed by pond depth (Shlw, 0.32m,
Med, 0.42 m & deep, 0.55m) and wastewater temperature (>18.3⁰C or <18.3⁰C, hot or
cold respectively)
Fig 3-35 Beanplot showing the Areal amounts of Suspended Solids exiting the HRAP2 -

221

fed facultative pond treated effluent- displayed by pond depth (Shlw, 0.32m, Med,
0.42 m & deep, 0.55m) and wastewater temperature (>18.3⁰C or <18.3⁰C, hot or cold
respectively)
Fig 3-36 Beanplot showing E.coli LRV by the HRAP - fed facultative pond treated

223

effluent- displayed by pond depth (Shlw, 0.32m, Med, 0.42 m & deep, 0.55m) and
wastewater temperature (>18.3⁰C or <18.3⁰C, hot or cold respectively)
Fig. 3-37 HRAP 2:- Mean and standard deviation of E. coli LRV by pond depth and

224

temperature
Fig. 3-38 HRAP 2 – loess fit and 95% confidence intervals for E. coli concentration

224

incoming (red) and outgoing (blue) over time
Figure. 4-1 Environmental & Operating average, maxima and minima conditions for
Lyndoch WSP1. (a). daily air temperature and rainfall (vertical bars), (b). pond water
temperature, (c) dissolved oxygen and (d) Ph
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Figure 4-2 Daily average wind speed and direction recorded on-site at Lyndoch during

235

the study period. Wind strength indicated by colour coding and lower bar scale.
Approximate orientation of WSPs indicated by green rectangle.
Fig. 4-3 WSP 1 Pond Temperatures (°C) at 0.3m (red), 0.45m (blue) & 0.65m (green)

236/7

for time periods in (a) April (b) June (c) October and (d) January
Fig. 4-4 Lyndoch WSP1, 2 & 3 (2010-2012) Scatterplot and loess-fit time line curves with 95% CI

241

of chlorophyll a concentration for the three WSPs sequentially from top to bottom WSP1,
WSP2 & WSP3.
Fig. 4-5

Lyndoch WSP1, 2 & 3 (2010-2012) Scatterplot and loess-fit time line curves with 95%

241

CI of algal concentration levels for the three WSPs sequentially from top to bottom WSP1,
WSP2 & WSP3.
Fig. 4-6

Lyndoch WSP1, 2 & 3 (2010-2012) Scatterplot and loess-fit time line curves with 95%

242

2

CI of algal productivity (g/m /d) for the three WSPs sequentially from top to bottom WSP1,
WSP2 & WSP3.
Fig. 4-7

Lyndoch WSP1, 2 & 3 (2010-2012) Scatterplot and loess-fit time line curves with 95%

243

2

CI of albazod productivity (g/m /d) for the three WSPs sequentially from top to bottom WSP1,
WSP2 & WSP3.

Fig. 4-8 Time series for the Lyndoch WSP1 showing the relationship between pond

245

chlorophyll a (green bar)and a) daily average pond temperatures (⁰C; red line), and b)
the daily total solar radiation (MJ/m2; red line ).
Fig. 4-9 Time series for the Lyndoch WSP2 showing the relationship between pond

245

chlorophyll a (green bar)measurements and a) daily average pond temperatures (⁰C;
red line), and b) the daily total solar radiation (MJ/m2; red line ).
Fig. 4-10 Time series for the Lyndoch WSP3 showing the relationship between pond

246

chlorophyll a (green bar)measurements and a) daily average pond temperatures (⁰C;
red line), and b) the daily total solar radiation (MJ/m2; red line ).
Fig. 4-11 WSP 1. Time series for Algal Mass compared to two main nutrients, NH 4-N
and PO4-P
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Fig. 4-12 WSP 2. Time series for Algal Mass compared to two main nutrients, NH4-N

247

and PO4-P
Fig. 4-13 WSP 3. Time series for Algal Mass compared to two main nutrients, NH 4-N

247

and PO4-P
Fig 4-14 Lyndoch WSP1, 2 & 3 (2010-2012) Scatterplot and loess-fit curve with 95% CI

252

of log10 E. coli / 100mL as it passes through each of the three ponds sequentially from
top to bottom Inlet(red), WSP1 (blue), WSP2 (green) & WSP3 (purple)
Fig 4-15 Lyndoch WSP1, 2 & 3 2010/12 Scatterplot and loess-fit curve with 95% CI of

254

NH4-N as it passes through each treatment phase for the three ponds sequentially
from top to bottom Inlet(red), WSP1 (blue), WSP2 (green) & WSP3 (purple)
Fig. 4-16 WSP 1 – loess fit and 95% confidence intervals for Inorganic-N incoming

255

(red), outgoing (blue), outgoing as algal-N (green) and removed by NH3 volatilisation
(purple) over time
Fig. 4-17 WSP1 - loess fit and 95% confidence intervals for the percentage of

255

inorganic-N removed via ammonia volatilisation over time
Fig 4-18 Lyndoch WSP1, 2 & 3 2010/12 Scatterplot and loess-fit curve with 95% CI of

256

BOD5 as it passes through each treatment phase for the three ponds sequentially from
top to bottom Inlet(red), WSP1 (blue), WSP2 (green) & WSP3 (purple)
Fig. 4-19 WSP 1 – loess fit and 95% confidence intervals for PO4-P incoming (red),

258

outgoing (purple), outgoing as algal-P (green) and removed by internal precipitation
(blue) over time
Fig 4-20 Lyndoch WSP1, 2 & 3 2010/12 Scatterplot and loess-fit curve with 95% CI of

259

PO4-P concentration as it passes through each treatment phase for the three ponds
sequentially from top to bottom Inlet(red), WSP1 (blue), WSP2 (green) & WSP3
(purple)
Fig 5-1 HRAP 1 fed septic tank effluent: Time series showing, from the top the
relationship between E.coli LRV (purple bars at top) and Global Solar Energy (orange
line) , chlorophyll a (green bars) concentrations and the operational pond depth
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(pink columns)
Fig. 5-2 HRAP1 fed septic tank effluent operated at 0.32, 0.42 and 0.55m, rpart

269

Decision Tree for E. coli LRV, where the variables selected for analysis by rpart were,
Node1 - theoretical hydraulic retention time (THRT, d), Node 2 - maximum daily
dissolved oxygen (DOMax, mg/L), Node 3 - 5 day average water temperature
(WatTemp5DAvg, °C); Node 4 - minimum water pH (pHMin); Node 5 - 5 day average
Solar Energy (SolEn5Da, W/m2); Node 6 - 5 day average water pH (pH5DAvg); and
Node 7 - average water pH (pHAvg) The mean E. coli LRV for that group and the
number of observations (n) analysed is presented inside the red rectangle for each
node; and for each green rectangle at each leaf.
Fig. 5-3 Chart showing relative importance of predictors used in a cForest bootstrap

273

enhanced HRAP1 Decision Tree for E. coli LRV
Fig. 5-4 HRAP1 rpart Decision Tree for predicting BOD5 Removal Efficiency; inflow

277

(kL/d), BOD Areal Load Rate (kg/ha/d); NO2 (mg NO2-N /L); MaxAirT (maximum air
temperature, ⁰C), NOx (oxidised nitrogen, mg N/ L) and pHVar (diurnal variation in
pH)
Fig. 5-5

Chart showing relative importance of predictors used in a bootstrap

279

enhanced HRAP1 Decision Tree for BOD5 Removal
Fig. 6-1 Time series comparison of daily air temperatures – maximum, minimum, and

299

average of the WSP site at Lyndoch and the HRAP site at Kingston – recorded on site
at the respective location over the study period.
Fig. 6-2

Bureau of Meteorology (2012) Global Solar Energy at Moorook (5 km from

299

the HRAP at Kingston on Murray)) and Lyndoch proximate to and including the study
period.
Fig. 6-3 Violinplots of comparative inlet water for the Kingston on Murray HRAP 1 and
the facultative pond at Lyndoch with internal boxplot showing the mean (open circle)
and median (black line) of all respective data sets; A). log 10 E. coli/100ml, b.) BOD5
(mg/L) c.) NH4-N (mg/L) and d.) PO4-P (mg/L)
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Fig. 6-4 Loess smooth lines with shaded 95% CI comparing the wastewater treatment

305

performance of Kingston on Murray HRAP 1 (purple) with the Lyndoch WSP 1 (green)
both fed wastewater pre-treated in on-site septic tanks; a.) E. coli log reduction value
(LRV log10) b.) BOD5 removal efficiency c.) NH4-N removal efficiency and d.) PO4-P
removal efficiency
Fig. 6-5 Loess smooth lines with shaded 95% CI comparing the wastewater treatment

307

performance of Kingston on Murray HRAP 2 (purple) with Lyndoch WSP 2 & 3
(greens). (a.) BOD5 concentration (mg/L) ( b.) NH4-N concentration (mg/L) and ( c.)
PO4-P concentration (mg/L)
Fig. 6-6

Loess smooth lines with shaded 95% CI comparing the proportion of

309

incoming wastewater N removed as algal N by treatment at the Kingston on Murray
HRAP 1 (purple) or the Lyndoch WSP 1 (green) - both fed wastewater pre-treated in
on-site septic tanks.
Fig. 6-7

Loess smooth lines with shaded 95% CI comparing the proportion of

309

incoming wastewater N removed as NH3-N by treatment at the Kingston on Murray
HRAP 1 (purple) or the Lyndoch WSP 1 (green) - both fed wastewater pre-treated in
on-site septic tanks.
Fig. 6-8

Loess smooth lines with shaded 95% CI comparing the proportion of

311

incoming wastewater PO4-P removed as algal P by treatment at the Kingston on
Murray HRAP 1 (purple) or the Lyndoch WSP 1 (green) - both fed wastewater pretreated in on-site septic tanks.
Fig. 6-9 Loess smooth lines with shaded 95% CI comparing the wastewater treatment

312

performance of Kingston on Murray HRAP 1 (purple) with Lyndoch WSP 1 (green). a.
Algal concentration (mg/L) b. Algal productivity (g/m2/d)
Fig. 6-10 Kingston on Murray HRAP and the Lyndoch WSP 2 & 3 fed facultative pond
treated effluent. Violinplots of comparing inlet wastewater composition, f including
internal boxplot showing the mean (open circle) and median (black line) of all data
sets. a.) E. coli (log10 /100ml), b.) BOD5 (mg/L) c.) NH4-N (mg/L) and d.) PO4-P (mg/L)
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Fig. 6-11 Time series for dissolved oxygen and pH in Lyndoch WSP 2 (a. and b.) and

318

WSP 3 (c. and d.)
Fig. 6-12 Loess smooth lines with shaded 95% CI comparing the wastewater treatment

320

performance of Kingston on Murray HRAP 2 (purple) with Lyndoch WSP 2 & 3 (green).
a.) E. coli LRV (log10/100ml) b.) BOD5 removal efficiency c.) NH4-N removal efficiency
and d.) PO4-P removal efficiency
Fig. 6-13 Loess smooth lines with shaded 95% CI comparing the wastewater treatment

322

performance of Kingston on Murray HRAP 2 (purple) with Lyndoch WSP 2 & 3
(greens). (a.) BOD5 concentration (mg/L) ( b.) NH4-N concentration (mg/L) and ( c.)
PO4-P concentration (mg/L)
Fig. 6-14 Loess smooth lines with shaded 95% CI comparing the Lyndoch WSP 1, 2 & 3

326

a. suspended solids concentration (mg/L) and b. algal concentration (mg/L)
Fig. 6-15 Loess smooth lines with shaded 95% CI comparing the Kingston-on-Murray
HRAP inlet and outlet a. suspended solids concentration (mg/L) and b.

326

algal

concentration (mg/L)
Fig. 6-16 Loess smooth lines with shaded 95% CI comparing the performance of the

328

WSP 2&3 (greens) with HRAP 2 (purple) (both fed facultative pond outlet) a. algal
concentration (mg/L) and b. algal productivity (g/m2/d)
Fig. 7-1 In-vitro determination of E. coli die-off rates in wastewater stored in the dark

340

in the laboratory at either 23°C (a. & b.) or 2.5°C (c). A ‘shoulder’ showing there was a
lag period before E. coli die-off commenced is visible in (a; 30h) and (c; 83h). Note the
time scales are not the same for each graph.
Fig. 7-2 HRAPIN model of the output of E. coli inactivation in HRAPs, comparing dark

344

die-off set at (a) 0.00685 h-1 and (b) 0.065 h-1. All other HRAP conditions were set at
the same values: – depth = 0.32 m, θ = 4.6 days, 4h interval between influent loadings.
Fig. 7-3 Measured E. coli (log10 MPN/100mL; in red) and hourly UV Radiation (in
purple) recorded in the HRAP over three periods of intensive observation in the
months of (a) May 2010 (2 hourly observations.) (b) June 2010 (6 hourly
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observations.) and (c). July 2010 (6 hourly observations.)
Fig. 7-4 Actual E. coli numbers (log10 MPN/100mL; in red) and hourly UV radiation (in

349

purple) recorded in the HRAP over three periods of intensive observation in the
months of a. August 2010 (8 hourly obs.) b. September 2010 (8 hourly obs.) and c.
October 2010 (8 hourly obs.) . UV radiation on y-axis set to maximum of 20 W/m2
Fig. 7-5

Comparing the HRAPIN model predicted E. coli concentration and an

351

amalgam of E. coli concentrations measured during eight separate periods of
intensive observation over six months from May to October 2010
Fig.7-6 Correlograms for the HRAPIN predicted and measured dark die-off intensive
study
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