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1. Introduction 

1.1 Growth in Beenyup WWTP 
 
The Beenyup wastewater treatment plant (WWTP) has expanded considerably over the 
last 39 years in parallel with urban growth in the northern suburbs of Perth.  The plant 
treats and recycles water and biosolids, and is an essential part of urban infrastructure. 
 
The first stage of the Beenyup WWTP was commissioned in 1972 for a wastewater flow of 
3.6 ML/d (million litres per day), sufficient to handle the flows from about 15,000 people.   
An extended aeration secondary treatment process was used, with the effluent being 
discharged to the ground in soakage pits on the site. The original Beenyup WWTP had a 
buffer zone extending 1 mile (1,600 m) in all directions around the plant. 
 
By 1978 the plant had been expanded to treat 27 ML/d (the flows from about 120,000 
people) using the conventional activated sludge process.  At this time a gravity outfall was 
commissioned to discharge the treated effluent into the Indian Ocean at Ocean Reef. The 
waste sludge was incinerated. During the 1970"s there was extensive growth in the 
suburbs near the Beenyup plant, and the local Council allowed residential development 
within the earlier buffer zone, and as close as 120 m to the west of the treatment units. 
 
Further upgrades to the plant were commissioned in 1984 to expand treatment capacity to 
54 ML/d (the flows from about 240,000 people) by augmenting the activated sludge 
process tanks.  Sludge digesters were commissioned in 1990 to replace sludge 
incineration.   
 
Additional primary and secondary treatment facilities were opened in 1996 to cater for 
flows of 112.5 ML/d (the flows from about 500,000 people), together with additional sludge 
handling facilities.   
 
In 2003-05, the plant capacity was expanded to 120 ML/d (the flows from about 550,000 
people).  By this time, the Beenyup WWTP was serving Perth"s northern suburbs from 
Quinns Beach through to Scarborough, and inland through Dianella and Bayswater to the 
foothills east of Midland. 
 
The first stage of an odour control system was installed in parallel with the plant capacity 
upgrade ! odour management facilities are described  in the next section. 
 
In 2008-10 the plant capacity was expanded to 135 ML/d (the flows from about 660,000 
people), with a further expansion of the odour control facilities. 
 
The Water Corporation commissioned a new WWTP at Alkimos, approximately 40 km 
north of Perth and 20 km north of Beenyup WWTP.   The Alkimos plant will serve growth in 
the north-western corridor and the ultimate population to be served is 640,000 persons, 
which corresponds to a future average daily flow of 160 ML/d.   
 
Although the introduction of the Alkimos WWTP limits the catchment contributing to 
Beenyup WWTP, further growth within the Beenyup catchment will increase future flows to 
about 200 ML/d, corresponding to a population of one million people.            
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1.2   Stages in Odour Control Works 
 
Like other wastewater treatment plants across the state, the Beenyup plant is subject to 
regulation and licensing by the Department of Environment and Conservation, including 
requirements to manage odour emissions.   
 
The odour control works have been constructed in three stages.  

!  Stage 1 ! in 2002-2003, in conjunction with the pl ant expansion to 120 ML/d; 
!  Stage 2 ! in 2004-05, to extend odour control to t he secondary treatment area, and 

improve the odour control in the primary treatment area; and 
!  Stage 3 ! in 2009-10, in conjunction with plant ex pansion to 135 ML/d and to 

expand the odour control system to complement the plant expansion, with the 
commitment to increase the plant capacity with no net increase in odour emissions.   
It is the Stage 3 works that are the main focus of this report. 

 

1.3    Stage 1 Odour Control Works 
 
The Stage 1 odour control works were completed in 2003 and involved the work listed 
below. 
 

Components of Stage 1 Odour Control Works 
 
Preliminary treatment area 
!  Covering the inlet channels; 
!  Covering the screening and grit removal equipment, tanks and channels; 
!  Covering the storage bins for washed and dewatered grit and screenings; and 
!  Ducts to collect air from beneath covers and transfer to scrubbers. 
 
Primary treatment area  
!  Covering the inlet channels; 
!  Covering the primary sedimentation tanks; 
!  Covering the primary effluent channels; and 
!  Ducts to collect air from beneath covers and transfer to scrubbers 
 
Stage 1 Odour control scrubbers. 
!  Two sets of two-stage acid/hypochlorite chemical odour scrubber systems located 

near the centre of the plant. 
 
Short Discharge Stacks. 
!  Two short stacks on the top of the scrubbers, discharging about 7 m above the 

ground.  
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1.4    Stage 2 Odour Control Works 
 
The Stage 2 odour control works were completed in 2003 and involved the work listed 
below. 

 
Components of Stage 2 Odour Control Works 
 
Preliminary Treatment Area 
!  Covering the storage bins for washed and dewatered grit and screenings; and 
!  Modifying the covers on screens and grit removal equipment. 
 
Secondary treatment area 
!  Covering the anoxic tanks; 
!  Covering the aeration tanks, including the two new tanks; 
!  Covering the mixed liquor channels (to the secondary clarifiers); 
!  Installing scum harvesters to improve scum capture and reduce odour emissions from 

secondary clarifiers; and 
!  Ducts to collect air from beneath covers and transfer to scrubbers. 
 
Sludge thickening and digestion area 
!  Covering the rectangular DAF tanks; 
!  Replacing the filter presses used for sludge dewatering devices with centrifuges, which 

were enclosed for odour control; 
!  Enclosing sludge handling conveyors; 
!  Covering the biosolids storage hopper;  
!  Ventilating the gas compressor rooms; 
!  Replacing waste gas flare with a more efficient unit;  
!  Ducts to collect air from beneath covers and transfer to scrubbers. 
 
Odour control covers 
!  Upgrading covers in preliminary and primary treatment areas;  
!  Modifying covers on screens, grit tanks and primary tanks fitted in Stage 1 to fit the 

new screens installed during the Stage 2 odour control works. 
 
Odour control ducting 
!  Odorous air extracted from beneath the covers is conveyed to scrubbers in fiberglass 

reinforced plastic (FRP) ducts;   
!  Dampers on ducts control the amount of air extracted;    
!  Duty/standby fans before the scrubbers move about 18,000 m3/hr of odorous air from 

the Stage 1 covered areas to the Stage 1 chemical scrubbers, and about 115,000 
m3/hr from the secondary areas to the Stage 2 scrubbers.   

 
Odour control scrubbers 
!  A second chemical scrubbing system provided to remove odorous compounds from the 

gas collected from the secondary and sludge handling areas.  
 
Tall Discharge Stack 
!  A 50 m high stack was installed to disperse scrubbed air to the atmosphere.  
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The Stage 2 scrubbers use caustic soda and sodium hypochlorite for removal of odours.  
A flexible dosing arrangement for the scrubbers is provided so that each scrubber can be 
operated using caustic soda alone or both caustic soda and sodium hypochlorite.    
 
Figure 1-1 shows the Beenyup WWTP following the Stage 1 and Stage 2 upgrades. 
 

Figure 1-1  Beenyup WWTP after Stage 1 and 2 Upgrad es 
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1.5     Stage 3 Odour Control Works 
 
The Stage 3 odour control works were design in conjunction with the expansion of the 
plant to 135 ML/d capacity.   
 
In the Works Approval Application submitted by the Water Corporation in August 2006, the 
following statements were made concerning odour issues associated with upgrading the 
plant capacity to 135 ML/d. 
 
The scope of the proposed works has been developed so that there will be no net increase 
in total plant odour emissions.  This has been achieved primarily by three strategies: 

1. Odour emissions from new process vessels and equipment have been minimized 
by the appropriate use of odour buildings and covers with extraction points directed 
to chemical odour scrubbers; 

2. The project scope includes a significant increase in the foul air extraction rate from 
the plant inlet, the preliminary and primary treatment areas and sludge outloading 
area.  These are currently the most odorous areas of the plant. This will significantly 
reduce fugitive odour emissions from these areas, thereby offsetting the increased 
residual odour emissions from other areas of the plant (both old and new). 

3. Installation of new odour control measures from sludge digestion facilities. 
 
While the new tanks and process equipment required for the upgrade to 135 ML/d plant 
throughput may be new odour sources, these odours will be minimized through effective 
design including odour covers, foul air extraction and treatment.  The minimal odour 
emissions from the new plant will be offset by odour reductions in other areas of the plant. 
 
The overall commitment was !Odour " no net increase in odour or odour impact#.  
 
Appendix 4 of the Works Approval Application provided estimates of odour emissions 
before and after the upgrade to illustrate how the commitment for no net increase in odour 
would be achieved.    This is summarized on the next page in Table 1-1. 
 
The table shows that total odour emissions were projected to decrease with the Stage 3 
upgrade from 55,174 OU.m3/s to 46,485 OU.m3/s.  The cells coloured yellow show where 
there was some increase in fugitive odour emissions due to extra process units while the 
cells coloured green show where a reduction in odour emissions was expected. 
 
Key items to check as part of the Verification of Works Approval Commitments are: 
!  Reduction in fugitive emissions from inlet and preliminary treatment; 
!  Reduction in fugitive emissions from inlet and primary treatment; 
!  Effective collection of foul air from aeration tanks; 
!  No increase in fugitive emissions from digesters; 
!  Effective collection of odours from sludge truck loading area; 
!  Effective scrubbing after new scrubbers installed; and  
!  No net decline in environmental odour effects in neighbourhood. 
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Table 1-1  Projected Odour Emissions Before and Aft er Upgrade 
(Source:  Appendix 4 of Works Approval Application)  

 

Plant Area / Process SITUATION BEFORE UPGRADE SITUA TION AFTER UPGRADE 

 
Specific 

Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Specific 
Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Inlet Works   90 % 2,000  98 % 480 

Preliminary Treatment  90 % 8,000  98 % 1,920 
Primary Sedimentation 
Tanks 30 OU/m2/s 90 % 9,600 30 OU/m2/s 95 % 6,300 
Aeration Tanks - 
Anoxic Zones 23 OU/m2/s 95 % 4,025 23 OU/m2/s 95 % 4,485 
Aeration Tanks - 
Aerobic Zones 19 OU/m2/s 95 % 6,745 19 OU/m2/s 95 % 7,505 
Secondary 
Sedimentation Tanks 0.5 OU/m2/s  5,200 0.5 OU/m2/s  8,000 
Activated Sludge 
Pump Stations   80 % 400   80 % 600 
DAFT's 19 OU/m2/s 98 % 74 19 OU/m2/s 98 % 100 
Anaerobic Digesters   0 % 1,810   0 % 1,810 

Sludge Heaters 

2000 
ppmv2000 
m3/day 98 % 1,900 

2000 
ppmv2500 
m3/day 98 % 2,375 

Sludge Dewatering   98 % 200   98 % 200 
Dewatered Sludge 
Storage   99 % 100   99 % 100 
Dewatered Sludge 
Truck Loading Area 
(background)   0 % 4,000   95 % 200 

Biogas Flare 

2000 ppm 
H2S at 
11,000 m3/d 98 % 10,200 

2000 ppm 
H2S at 
12,000 m3/d 98 % 11,120 

Odour Scrubbers 

9.2 ppm at 
128,000 
m3/hr 95 % 920 

12.9 ppm at 
158,000 
m3/hr 95 % 1,290 

Total   55,174   46,485 

 
It is noted that the total emissions listed in Table 1-1 from the odour scrubbers are not 
correct - the numbers listed for the odour scrubbers (line coloured blue) are actually the 
assumed odour concentration (OU) in the scrubber discharge, and not the total odour 
emission from the scrubbers (in OU.m3/s).  This mistake does not affect the commitments 
made or the verification program.  It is noted that the correct odour emission rate from the 
stack was used in the odour modelling prepared for the Works Approval Application. 

 
The figures that follow illustrate the work undertaken in the Stage 3 odour upgrade, 
including the expansion in treatment capacity. 

Figure 1-2 shows the new primary treatment tanks (3). 
Figure 1-3  shows the new activated carbon (AC) scrubber, the new 50 m tall stack 
to discharge scrubbed air from the AC scrubbers and the new secondary clarifiers.  
Figure 1-4    shows the new bioscrubber, biosolids loading building, gas storage, 
DAF tanks (3) and sludge digesters (2). 
Figure 1-5    shows the Beenyup WWTP after the Stage 3 Odour Upgrade. 

 
The photographs of the new covered tanks and adjacent air transfer ducts demonstrate 
that the requirements of the Works Approval No 4090 for the Stage 3 upgrade concerning 
control of air pollution have been met in full. 
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Figure 1-2    New Primary Tanks 
 

 
 

Figure 1-3    New AC Scrubber, New Stack and New Se condary Clarifiers  
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Figure 1-4    New Bioscrubber, Biosolids Loading Bu ilding, Gas Storage, DAF Tanks 

and Sludge Digesters 

 
 

Figure 1-5    Plant After Stage 3 Odour Upgrade 
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1.6   Methodology for Odour Verification Study  
 
It is difficult to measure fugitive emissions and particularly fugitive emissions due to wind 
effects, temperature gradients across the covers and during maintenance activities, when 
a few (or even all) of the covers are open, or the pressure is reduced for a period under 
the covers. Thus estimates of odour emissions have to be made based on measurements 
of negative pressures under the covers over time, observations of the area of gaps 
between covers,  detection of odour adjacent to process areas (particularly at night, when 
dispersion is much lower) and measurement of the odour flux in ducts carrying odour from 
various areas.  The methodology for the odour verification study is set out below. 
 
1.    Reduction In Fugitive Emissions from Inlet an d Preliminary Treatment 

 
The planned reduction of 75 % in fugitive emissions from the inlet works was checked by: 

a. Documenting the increase in extraction of air volume and odour flux from the 
inlet sewer from measurements of duct velocity and odour concentration in the 
duct from the inlet sewer;  

b. Documenting the increase in extraction of air volume and odour flux from the 
screens and screenings/grit bins from measurements of duct velocity and odour 
concentration in the ducts;  

c. Documenting the increase in extraction of air volume and odour flux from the 
grit tanks from measurements of duct velocity and odour concentration in the 
ducts; 

d. Measuring the rate of fugitive emissions  from a grit tank using a tracer gas; 
e. From the measurements, estimating the change in odour capture and fugitive 

odour emissions from the inlet sewer and preliminary treatment area. 
 

2. Reduction In Fugitive Emissions from Primary Tre atment 
 
The planned reduction of 34 % in fugitive emissions from the primary treatment tanks was 
checked by: 

a. Documenting the increase in extraction of air volume and odour flux from the 
primary tanks from measurements of duct velocity and odour concentration in 
the ducts;  

b. Conducting a fugitive release test using a tracer gas in the new primary tanks; 
c. From the measurements, estimating the change in odour capture and fugitive 

odour emissions from the primary treatment area. 
 

3. Effectiveness Collection of Foul Air from Aerati on Tanks 
 
It was proposed that there would be no reduction in fugitive emissions from the aeration 
tanks due to the change in duct work and scrubber for the secondary area.   The proposal 
will be checked by: 

a. Documenting the extraction of air volume and pressures in the aeration tanks in 
a typical month; 

b. Documenting that the performance of the activated carbon scrubbers is at least 
as good as the performance of the chemical scrubbers; 

c. Estimating the change in odour capture and fugitive odour emissions from the 
aeration tanks and secondary clarifiers. 
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4. No Increase In Fugitive Emissions From Digesters  and Sludge Gas 
 
It was proposed that there would be no reduction in fugitive emissions from the digesters 
tanks due to the two additional digesters, additional sludge handled and new gas storage.   
The proposal will be checked by: 

a. Documenting the extraction of digester gas over a three month period; 
b. Documenting fugitive leaks from the edge of digester covers; 
c. Documenting fugitive leaks from pressure relief valves; 
d. Documenting combustion efficiency of the gas flare and the sludge heaters; 
e. From the measurements, estimating the change in odour capture and fugitive 

odour emissions from the digester area. 
 

5. Effective Collection of Odours from Sludge Truck  Loading Area 
 
It was proposed that there would be a 95 % reduction in odour emissions from the sludge 
truck loading area as a result of the new building and air extraction.   The proposal will be 
checked by: 

a. Documenting the extraction of air and negative pressure in the load-out building 
in a typical month; 

b. Documenting fugitive leaks from the building by smoke testing; 
c. Documenting fugitive leaks from the building by measuring H2S concentrations 

inside and outside the doors of the building; 
d. From the measurements, estimating the odour capture in the load-out area. 

 
6. Effective Scrubbing After New Scrubbers Installed 
 
It was proposed that the odour flux released via the stacks would not increase by more 
than 30 per cent.    The proposal will be checked by: 

a. Documenting the H2S and odour levels in the stack discharges including 
measurements during performance tests and in a typical month; 

b. Documenting discharge rates from the two stacks; 
c. From the measurements, calculating the change in odour flux with the 

increased air flow and additional scrubbers. 
 

7. No Net Decline in Environmental Odour Effects in  Neighbourhood 
 
It was proposed that there would not be any decline in odour effects in the neighbourhood 
!the odour upgrade with the increased plant capacit y should result in an improvement in 
conditions.  The proposal will be checked by: 

a. Establishing odour complaints over a year (July 2010 to June 2011); 
b. Establishing community perceptions of odour based on phone surveys before 

and after Stage 3 odour upgrade; 
c. Measuring extent of odour using DEC odour monitor methodology; 
d. Preparing the odour emission inventory based on measurements and estimates 

of odour emissions before and after the Stage 3 odour upgrade; 
e. Modelling the odour contours before and after the odour upgrade (this will 

involve updating the wind files). 
 
The schedule of tasks and responsibilities for the odour verification study are set out in 
Appendix 1. 
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2. Odour Sampling and Analysis 
 

This Chapter describes the odour sampling and analysis undertaken as part of the 
Stage 3 odour verification program for the Beenyup WWTP. 

2.1 Monitoring Program  
 
The Water Corporation (WC) commissioned The Odour Unit (TOU) to measure odour 
levels, H2S concentrations, duct velocities and flow rates, and off-site odour intensity for 
the Beenyup WWTP.   The work was undertaken in the period April ! May 2011 and used 
to establish the current process conditions and odour emissions at the WWTP and to 
determine the potential odour and H2S impacts on surrounding sensitive receptors.  
 
 The work was undertaken over four weeks based on the schedule shown in Table 2-1. 

 
Table 2-1  Beenyup Odour Measurement Sampling Progr am 
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2.2 Sampling Methods 
 
Air samples from the WWTP ducts were collected by drawing the sample gas through a 
Teflon# sampling tube into a single use, Nalophan s ample bag. The bag is housed within 
a container (sampling drum) that is evacuated with a vacuum pump, and the sample 
collected by the induced flow.  The $lung method&, by which this sampling procedure is 
known, allows the sample air to be collected without coming into contact with any 
potentially odorous material.  
 
At the completion of sampling, all samples were stored in a dark environment to retain the 
sample character and strength. The samples were then transported to TOU"s Perth 
laboratory for analysis within the 30 hour timeframe specified in AS/NZS 4323.3:2001.  
 
TOU"s odour laboratories are NATA accredited and operate to the Australian Standard for 
odour measurement !Determination of odour concentration by dynamic olfactometry" 
(AS/NZS 4323.3:2001) which prescribes a method for sample analysis that provides 
quality assurance/quality control and ensures a high degree of confidence in the accuracy, 
repeatability and reproducibility of results.  
 
Dynamic olfactometry involves the repeated presentation of both a diluted odour sample 
and an odour-free air stream to a panel of qualified assessors through two adjacent ports 
on the olfactometer.  TOU used four to six panellists for sample analysis, with the results 
from four qualified panellists being the minimum allowed under the Australian Standard 
AS/NZS 4323.3:2001.  
 
Initially the odorous gas sample is diluted to the point where it cannot be detected by any 
member of the panel. The panellists step up to the olfactometer in turn, take a sniff from 
each port, then choose which port contains the odour and enter their response.  The 
concentration of the odorous gas is systematically increased (doubled) and re-presented 
to the panellists. A round is completed when all assessors have correctly detected the 
presence of the odour with certainty. The odour is presented to the panel for three rounds 
and results taken from the latter two rounds, as stated in AS/NZS 4323.3:2001.  
 
The results obtained give an odour measurement measured in odour units (OU). The 
odour units are then multiplied by an emission rate or volumetric flow to obtain an odour 
emission rate for each source (OU.m3/s).  
 
Flows in ducts were measured using either a TSI Hotwire Anemometer or a TSI Digital 
Manometer. In general only one sampling traverse was available per location and 
therefore the data was not collected strictly to AS/NZS4323.1:1995 $Stationary Source 
Emissions Method 1: Selection of Sampling Positions&. However, both the Anemometer 
and/or Manometer were of sufficient length to reach at least the mid way point of the ducts 
and/or across the entire duct diameter.  As a minimum, a total of 10 data points were 
logged electronically for velocity across each duct traverse and the data averaged. The 
velocity data collected is considered to be representative of each sampling location. 
 
Hydrogen sulphide (H2S) concentration was logged using Odalogger H2S logging 
instruments. Two models were used ! one with a conc entration range of 0 ppm ! 50 ppm 
and the other with a range of 0 ppm ! 1000 ppm.  Ea ch logger was inserted into a duct 
and left to log for 7 days. At the end of each sampling period the logger was removed, its 
data downloaded and its memory and zero check cleared.  
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Data calibrations for most 0 ppm ! 50 ppm Odaloggers were undertaken by TOU in-house 
apart from one 0 ppm ! 1000ppm instrument which was  provided by App-Tek International 
together with a calibration certificate.    The remaining 0 ppm ! 1000 ppm Odaloggers 
were newly purchased from App-Tek and had recently been calibrated. 

2.3    Results of Odour Monitoring 
 
Table 2-2 lists the odour emissions of the sources calculated from all the results of the 
odour monitoring program at the Beenyup WWTP. The results of TOU odour monitoring 
are shown, as well as the median and 75 percentile odour concentrations for various 
sources at Beenyup WWTP.  The inventory of projected future odour emissions, based on 
these results and other data is given in Chapter 11.   
 

Table 2-2   Beenyup Odour Monitoring Results 
 

SP Source Odour Monitoring Results, OU 

    11-Apr 18-Apr 19-Apr 27-Apr 4-May Median 75 %ile 

1 
Inlet sewer 
duct 677,531       1,297,500 987,500 1,100,000

2 
Screening  
duct   101,070 120,194 714,676 524,300 322,250 520,000 

3 
Grit Tank 
duct   65,536     254,700 160,100 207,000 

4 
PST 2-8 
 duct   21,247 42,495 185,364 196,800 113,900 186,000 

5 
PST 9-10 
duct   42,495 60,097 47,051 131,100 53,600 60,000 

6 
Solids area 
Duct   142,935 110,218 439,000 185,400 164,200 185,000 

7 
Into 
bioscrubbers 90,770   131,072 903,374 262,140 196,600 262,000 

8 
into chemical 
scrubber   23,170 21,247 131,072 60,100 41,600 60,000 

9 
into AC 
scrubber 7,132       13,800 10,500 12,000 

 

Week 3 coincided with the Easter long weekend.  TOU noted that odour intensities around 
the site tended to be elevated in that period.  Additionally, there were various works being 
undertaken at the site that may have affected the odour concentrations collected due 
possibly to certain extraction streams being offline, or being modified. The overall site 
odour was noted to be elevated whilst walking around the plant. 
 

The 75 percentile odour measurements are used to reflect the DEC requirement of 
$reasonable but conservative estimates of odour emissions&.  As can be seen in Table 2-2, 
the 75 percentile corresponds to the second highest emission rate when four 
measurements are made, otherwise a statistical estimate where there are more or fewer 
than four measurements.  
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2.4 Determination of Fugitive Gas Release from Dige ster Covers  
 
To measure the fugitive gas release from the digesters, TOU erected two sampling *rigs" 
where a thin film plastic was sealed along the roof and up the vertical wall of the digester 
thereby encapsulating the gap between the floating roof and digester walls. The surface 
area of each rig was 1.2 m x 0.5 m = 0.6 m2 and was inflated at its centre to a height of 
nominally 0.03 m (30 mm). Two rigs were used for comparison. The following diagram 
illustrates the sampling rig.  

The digesters generate gas during the digestion process.  In addition, the digesters are 
injected with a gas stream to mix sludge within the digesters.  While the great majority of 
the digester gas is contained in the digesters and collected in the gas holder, a small 
quanity escapes from the water seal around the perimeter of the floating digester lid.  
Based on the field measurements by TOU, the estimated gas released from the edge of 
Digester Cover +3 was 6 litres per hour. 
 

Table 2-3    Odour Measurement in Digester Gas  
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Digester gas is particularly odorous.  To measure the odour concentration, TOU collected 
an odour sample from the gas extraction ducts leading from the digesters.  This gas 
stream is sent to the waste gas burners and sludge heaters for combustion, whilst also 
being injected back into the digesters to aid mixing. The sample was expected to have a 
H2S concentration in excess of 1,000 ppm, consequently TOU post-diluted the sample by 
x64 and also by x128.  The measured odour concentration is shown in Table 2-3 and 
ranges from 5,400,000 OU to 5,900,000 OU in the two samples analysed. 
 

2.5 Hydrogen Sulphide from Waste Gas Burner and Sludge  Heaters  
 
TOU used a QRAE Portable Gas Monitor to measure both H2S and SO2 emissions from 
the Waste Gas Burner and Sludge Heaters. The data was collected from the Waste Gas 
Burner by inserting a sampling probe into an extension port which is attached to the side of 
the stack and extends into the stack. The Sludge Heaters were sampled from by inserting 
the instrument probe directly into the stacks. The measured hydrogen sulphide and 
sulphur dioxide concentrations are shown in Table 2-4. 
 

Table 2-4    Discharge Gas Levels from Waste Gas Bu rner and Sludge Heaters 
 

 
 
It can be seen that there is a high ratio of H2S to SO2 in the measured exhaust gas 
emissions, and also a low gas temperature after combustion.  These results are indicative 
of inefficient combustion, resulting in high odour emissions from the waste gas burner and 
the sludge heaters. 
 
The waste gas burner is reported to have a maximum gas combustion capacity of 
900 m3/hr and in May 2011 was being operated at 1,100 m3/hr.  The overloading may be 
responsible for the poor combustion efficiency which, as indicated in Table 2-4, was only 
about 80 per cent.   Similarly, the combustion efficiency of the sludge heaters was about 
80 per cent, whereas a desirable target is 99 per cent efficiency.  
 
The waste gas burner had been tested several years ago at a lower gas loading and the 
combustion at that time was more efficient.  A tentative explanation for the recent poor 
performance is that the waste gas burner is being operated at above the design capacity. 
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3.   Duct Monitoring 
 
This Chapter describes the continuous hydrogen sulphide monitoring carried out in specific 
ducts to record variations in concentration over time. 

3.1 Odalogger Monitoring Program at Beenyup 
 
For gases collected from the inlet sewer, preliminary and primary treatment tanks, 
hydrogen sulphide (H2S) provides a reasonable proxy to odour levels, as the majority of 
the perceived odour in gases from these areas is a response to hydrogen sulphide levels.  
As part of the odour monitoring and modelling program for the Beenyup WWTP 
Odaloggers were installed (a typical Odalogger and sample port is shown in Figure 3-1). 
 

Figure 3-1 Photograph of an Odalogger  and Installation Port 
 

 
 
Table 3-1 lists the schedule for Odalogger installations in the ducts.   Emphasis was 
placed on measuring hydrogen sulphide levels in the ducts and at the entrance to the 
scrubbers.  All sites were logged at least twice. 
 
 

Table 3-1 Odalogger Monitoring Schedule 
 PST Location  11-Apr 18-Apr 19-Apr 27-Apr 4-May 

1 Inlet x       x 
2 Screens   x x x x 
3 Grit Tanks   x     x 
4 PST 2-8   x x x x 
5 PST 9-10   x x x x 
6 Solids   x x x x 
7 Bioscrubbers x   x x x 
8 into CH   x x x x 
9 into AC x       x 
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3.2 Calibration of Equipment 
Each Odalogger was calibrated to a standard 50 ppm reference gas before and after each 
measuring period.  The results were adjusted for sensor decay during the monitoring 
periods. 
 

3.3 Results of Beenyup Odalogger Monitoring 
Table 3-2 shows the results of TOU Odalogger monitoring with the various percentile 
levels of hydrogen sulphide listed in the table. 
 

Table 3-2 Summary of Odalogger Monitoring Results  
(hydrogen sulphide in ppm by volume) 

 
Source 5 % H2S 50 % H2S 75 % H2S 99 % H2S 
Week 1     

Inlet duct 95 170 240 300 
AC scrubber 1.0 2.1 2.5 3.2 
Sludge duct 0.0 1.0 1.6 2.1 

Week 2     
PST 9-10 duct 5 25 35 55 
Sludge building 1.0 2.6 3.0 3.5 
Into bioscrubber 25 35 45 50 

Week 3     
Into chem. scrubber 1.0 2.0 2.2 10 
Into Act Carbon scrubber 0.3 1.8 2.4 2.9 
Into bioscrubbber 20 34 40 50 

Week 4     
Inlet duct 0 140 200 250 
PST 2-8 duct 0.1 2.0 3.0 8 
Into chem. scrubber 1.0 1.3 2.2 10 

 
 
It can be seen that the highest H2S concentrations were measured in the inlet duct ! with 
a 75 percentile concentration of 200 to 240 mg/L in the two measurement periods. 
 
The next highest H2S concentrations were measured in the inlet to the bioscrubbers, 
which collects air from the preliminary and primary treatment tanks, and had a 75 
percentile concentration of 40 to 45 mg/L in the two measurement periods. 
 
The measurements in the duct from PST 9-10 also were elevated - with a 75 percentile 
H2S concentration of 35 mg/L.  In contrast, the measurements in the duct from PST 2-8 
were much lower than expected (from previous monitoring) and indicate that a tank was off 
line, with the covers open to the atmosphere, or the duct was blocked by a partly closed 
damper. 
 
Low concentrations of H2S were measured in the duct from the secondary treatment area 
to the activated carbon scrubbers (75 percentile H2S of 2.4 to 2.5 mg/L), and in the duct 
after the bioscrubbers enroute to the chemical scrubbers (75 percentile H2S of 2.2 mg/L). 
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As an example, Figure 3-2 shows the record of H2S measurements in the inlet duct from 
11 to 18 April, 2011.  There is a strong diurnal pattern with the levels varying from 100 to 
270 mg/L.  The highest concentrations occur around midnight. 

 
Figure 3-2 Hydrogen Concentration Measured in the Inlet Duct 

      
 
As another example, Figure 3-3 shows the much lower H2S measurements in the inlet 
duct to the activated carbon scrubbers, with the levels varying from 1 to 3 mg/L.   The 
highest concentrations occur in the night hours from 6 pm to 6 am. 
 

Figure 3-3 Hydrogen Sulphide Concentration into Activated Carbon Scrubbers 
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4.   Inlet and Primary Treatment Area 
This Chapter describes the changes in odour management in the inlet and preliminary 
treatment areas.  

4.1  Objective  
 
As shown earlier in Table 1-1, and summarised in Table 4-1, the Stage 3 odour upgrade 
was planned to improve the extraction of air in the inlet and preliminary treatment area, to 
reduce fugitive emissions.  
 

Table 4-1  Projected Odour Emissions Before and Aft er Upgrade 
(Source:  Appendix 4 of Works Approval Application)  

 

Plant Area / Process SITUATION BEFORE UPGRADE SITUA TION AFTER UPGRADE 

 
Specific 

Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Specific 
Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Inlet Works   90 % 2,000  98 % 480 

Preliminary Treatment  90 % 8,000  98 % 1,920 
 
 

4.2   Results Obtained in Verification Program  
 
Figures 4-1 and 4-2 show the H2S concentrations measured in the duct leading from the 
inlet sewer at Beenyup.  The April measurements show that: 

!  There is a regular diurnal cycle in H2S concentrations, with the peak around 
midnight (typically 250 to 300 ppm); 

!  Lower H2S concentrations are measured during the day (between 8 am and 8 pm) 
of around 100 to 200 ppm; 

!  Thus the night peak concentration is 1.5 to 2 times the daily concentration; 
!  There are regular short period variations in hydrogen sulphide concentrations, 

possibly due to pulsing in the duct systems (as the fans operate at constant speed). 
 
The measurements made in May are considerably different from the measurements made 
in April, with no recorded hydrogen sulphide for long periods (indicating no flow in the duct 
from the inlet sewer). The temperature sensor operated throughout the deployment, and 
recorded realistic temperature patterns, including a diurnal variation, indicating that the 
Odalogger was operating correctly.   During the hours H2S concentrations were recorded, 
peak concentrations occurred around midnight, and were typically 150 to 250 mg/L. 
 
The explanation for the different H2S records in the two periods is apparent from the duct 
velocity measurements plotted in Figures 4-3 and 4-4.    Although there is a significant 
sensor drift in the April plot, the plot is interpreted as showing a consistent extraction 
velocity of 4 to 5 m/s through most the measurement period, with a few short periods of 
reverse flow (air flowing the $wrong& way or into the sewer).   The May plot shows the air 
flow is cyclic, with long periods when there is zero extraction (and probably air flowing the 
$wrong& way - down the duct to the sewer). 
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Figure 4-1  Hydrogen Concentration Measured in the Inlet Duct ! April 2011 
     

 
 
 

Figure 4-2  Hydrogen Concentration Measured in the Inlet Duct ! May 2011 
 

 
 
 



21 

Consulting Environmental Engineers 

Figure 4-3  Velocity Measured in the Inlet Duct ! A pril 2011 
 

 
 
 

Figure 4-4  Velocity Measured in the Inlet Duct ! M ay 2011 
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Observations made in the monthly audits during the Beenyup Stage 3 upgrade showed 
that there was often positive pressure at the two pressure sensors on the inlet channel 
leading to the screens (sensors +30607 and +30608), indicating problems with extraction 
of air from the inlet area as the pressure should always be negative and < 15 Pa. 
 
A trend plot for the pressure in these sensors for October 2011 (see Figure 4-5) shows 
periods with positive pressure (and only small periods with negative pressure).    Note that 
the pressure records shown in Figure 4-5 are for two fans operating at the chemical 
scrubber.  Before this occurred (in September 2011, negative pressures were smaller 
(closer to zero) and more often positive at these two locations 
 

Figure 4-5   Pressure Measured in the Inlet Channel s ! October 2011 
Pre-Treatment Pressure
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4.3    Tracer Test in Grit Tank  
 
Specialist contractors Synergetics were engaged to carry out a tracer test to check fugitive 
gas losses through the covers.  The tests used a volatile perfluorocarbon (PFC) as the 
tracer for the study.  For the test, one grit tank was isolated from the flow (by closing the 
inlet and outlet penstocks) and from the air extraction system (by closing the damper).  
The tank was sealed (all covers shut) throughout the test. 
 
The experiments involved injecting a known amount of PFC into a grit tank to obtain a 
predetermined concentration of gaseous PFC in the headspace of the tank.  The PFC 
concentration was monitored over time to gain an understanding of PFC fugitive 
emissions, as the reduction in headspace concentration over time provides a measure of 
the fugitive emission rate.     
 
The PFC in the tank headspace was monitored at the start of the experiment and then at 
various intervals over a 24 hour period.  A key assumption of the study is that the PFC 
tracer preferentially partitions into the air in the tanks, and very little is dissolved.   A 
literature survey indicated a Henry"s constant of 2,400 atm/wt% for PDCB, which supports 
this assumption.   
 
Figure 4-6 shows the plot of tracer concentration versus time in the grit tank.    There is a 
large scatter in the results which makes trends difficult to discern.  However it appears that 
the tracer concentration decreased from about 70 ug/m3 at the beginning of the test to 
about 30 ug/m3 after 24 hours, a loss of about 60 per cent or 2.5 per cent per hour.   
 

Figure 4-6   Change in Tracer Concentration with Ti me ! Grit Tank 
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It is not possible to define the proportion of the loss that was due to fugitive leaks through 
the covers, as there appeared to be some leakage due to adjacent grit tanks due to 
periodic variations in the water level in the tank.  Overall, the tracer test in the grit tank 
indicated that the grit tanks are not perfectly sealed and there is as small loss of fugitive 
gases to the atmosphere. 



24 

Consulting Environmental Engineers 

4.4    Evaluation of Results Obtained in Verificati on Program  
 
The odour concentration measurements after the Stage 3 upgrade show that the 
measured odour concentrations in the inlet sewer, screens and grit tank after the Stage 3 
are much the same as in previous monitoring programs at Beenyup WWTP.  Thus there 
has not been a change in odour concentration in air drawn from the inlet sewer or 
preliminary treatment areas. 
 
The velocity measurements in the inlet duct, and the pressure records from the two 
sensors on the inlet channel, show that extraction of air from the inlet and preliminary 
treatment area (screens and grit tanks) has declined in effectiveness.   Thus it is likely that 
there are more fugitive odours from the inlet and preliminary treatment area in April 2011 
than before. 
 
Examination of flow patterns in the whole duct system revealed that there was insufficient 
negative pressure from the fans serving the chemical scrubbers.   This meant that the fans 
supplying the bioscrubbers had to be restrained, which lowered pressures through the 
whole of the primary and preliminary treatment area.   In addition, the extra ducts added to 
re-commission the west primary tanks increased the length and complexity of the ducts, 
and it was difficult to achieve a satisfactory flow balance in the ducts. 
 
These concerns were discussed with W2WA and the Water Corporation, and an 
investigation was made into the reduced capacity of the fans serving the chemical 
scrubbers.  It was concluded that the cause was the short, curved inlet duct installed in 
Stage 3, which lead to excessive swirl in the fans, and hence lower than desired fan 
performance.  The long term solution is to replace the inlet duct. 

4.5    Further Upgrade " Operation of Additional Fa n  
 
As an interim measure, it was decided to run the standby fan at the chemical scrubber in 
parallel with the duty fan.  This results in increased suction and hence should increase 
flows in the ducts serving the preliminary and primary treatment areas. 
 
The Water Corporation advised that both fans have been on duty since September 2011.  
No measurements are available yet to confirm the expected improvement in performance. 

4.6    Conclusion  
 
Based on the field measurements, and the use of the standby fan in parallel with the duty 
fan, the following conclusions are reached: 

!  The odour concentrations in ventilation air from the inlet and preliminary treatment 
areas are very high, and much the same as measured before; 

!  The verification measurements of duct velocity and negative pressure showed a 
reduction in extraction from the inlet sewer and preliminary treatment area; 

!  Changes to the duct entering the chemical scrubber reduced the fan suction 
capacity; this was remedied by running the standby fan in parallel with the duty fan; 
and 

!  As a result, it is expected that, with additional ventilation, fugitive odour emissions 
from the inlet and preliminary treatment areas will be reduced as a result of the 
Stage 3 upgrade and subsequent works. 
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5.   Primary Treatment Area 
 

This Chapter describes the changes in odour management in the primary treatment area.   

5.1  Objective  
 
The Stage 3 upgrade involved re-commissioning three primary treatment tanks (+2, 7 and 
8).  These tanks were fitted with covers and connected to the duct system extracting 
odours.  As shown earlier in Table 1-1, and summarised in Table 5-1, the Stage 3 odour 
upgrade was planned to improve the extraction of air in the primary treatment area, to 
reduce fugitive emissions.  
 

Table 5-1  Projected Odour Emissions Before and Aft er Upgrade 
 

SITUATION BEFORE 
UPGRADE 

EXPECTED SITUATION 
AFTER UPGRADE 

Plant Area / Process  
Capture / 

Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Primary Sedimentation 
Tanks 90 % 9,600 95 % 6,300 

 (Source:  Appendix 4 of Works Approval Application ) 
 

5.2   Results Obtained in Verification Program  
 
Figures 5-1 and 5-2 show the H2S concentrations measured in the ducts leading from the 
east (+9-10) and west (+2-8) sets of primary tanks. 
 
For the larger tanks (+9-10), it can be seen that: 

!  There is a regular diurnal cycle in H2S concentrations, with the peak in the evening 
of 30 to 40 ppm (from 4 pm to 12 pm) with one spike to 220 ppm (possibly air pulled 
from the screen area); 

!  Lower H2S concentrations of less than 10 ppm are measured during the morning 
and the day (between 6 am and 10 am), except on one morning where the level 
spiked to around 60 ppm; and 

!  The night peak concentration is usually about 4 times the daily concentration. 
 
For the smaller tanks (+2-8) measurements were made on only one small duct and the 
H2S levels were much lower.  Even so, it can be seen that: 

!  There is a roughly diurnal cycle in H2S concentrations, with the peak in the evening, 
from 6 pm to midnight (typically 2 to 3 ppm); 

!  Lower H2S concentrations of around 0 - 1 ppm are measured during the morning 
and the day (between 6 am and 10 am); and 

!  The night peak concentration is about 2 times the daily concentration. 
 
The low concentrations in the duct from tanks +2-8 are considered to be a symptom of 
poor extraction from these new tanks.  Many earlier measurements of H2S in air from 
primary tanks (and the H2S concentrations recorded further downstream in the duct before 
the chemical scrubber) show a much higher H2S level ! typically 20 to 50 ppm. 
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Figure 5-1  Hydrogen Concentration Measured in the PST #9-10 Duct ! April 2011 
 

 
 

Figure 5-2  Hydrogen Concentration Measured in the PST #2-8 Duct ! May 2011 
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5.3    Pressure Tests in Primary Tanks  
 
Observations made in the monthly audits of during the Beenyup upgrade showed that 
pressure levels in the primary tanks were very variable.  For example, the August 2010 
audit found a satisfactory pressure of !16 Pa in PS T +2, a weak pressure of -4 Pa in PSTs 
+7 and 8, and positive pressure in PSTs + 5 and 9.   
 
A trend plot for the pressure in these sensors for October 2011 (see Figure 5-3) shows 
periods with consistent negative pressure in PST"s 4, 2 and 7, but unacceptably hjigh 
positive pressures in PST 9.  The pressure sensor in PST 10 was apparently offline and 
not operating in October 2011.    
 

Figure 5-3   Pressure Measured in the Primary Tanks  ! October 2011 
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5.4    Tracer Test in Primary Tank  
 
As described in Section 2-4, a tracer test was carried out to check fugitive gas losses 
through the covers of the new primary tanks.  The tests used a volatile perfluorocarbon 
(PFC) as the tracer for the study.  For the test, PST +2 was isolated from the flow (by 
closing the inlet and outlet penstocks) and from the air extraction system (by closing the 
damper).  The tank was sealed (all covers shut) throughout the test. 
 
The experiments involved injecting a known amount of PFC into a grit tank (and a primary 
tank) to obtain a predetermined concentration of gaseous PFC in the headspace of the 
tank.  The PFC in the tank headspace was monitored at the start of the experiment and 
then after various intervals over a 24 hour period.     
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Figure 5-4 shows the plot of tracer concentration versus time in the grit tank.    There is a 
large scatter in the results which makes trends difficult to discern.  In addition, a very large 
amount of tracer gas was accidentally added to the primary tank, making it more likely that 
a proportion was lost by being dissolved in the sewage.   
 
However it appears that the tracer concentration decreased from about 10,000 ug/m3 at 
the beginning of the test to about 2,000 ug/m3 after 24 hours, a loss of about 80 per cent 
or 3 per cent per hour.   

 
Figure 5-4   Change in Tracer Concentration with Ti me ! Primary Tank 
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It is not possible to define the proportion of the loss that was due to fugitive leaks through 
the covers, as there appeared to be some leakage due to adjacent primary tanks and 
there also is a potential loss to the sewage.  Overall, the tracer test in the primary tank 
indicated that the primary tanks are not perfectly sealed and there is a small loss of fugitive 
gases to the atmosphere. 
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5.5    Evaluation of Results Obtained in Verificati on Program  
 
The odour concentration measurements for the east primary tanks after the Stage 3 
upgrade show that the measured odour concentrations in Stage 3 (80,000 to 190,000 OU) 
are much the same as in previous monitoring programs on primary tanks at Beenyup 
WWTP.  Thus there has not been a change in odour concentration in air drawn from the 
primary treatment area. 
 
The hydrogen sulphide levels in the ducts from the east primary tanks averaged 25 ppm 
which is comparable with the hydrogen sulphide levels at the entry to the bioscrubbers 
(average of 35 ppm) when allowance is made for the high hydrogen sulphide levels in the 
ducts from preliminary treatment (average of 150 ppm). 
 
Extraction of air has improved from the outlet end of the primary tanks.  However, the 
pressure records from the sensors in the primary area show that negative pressure is not 
maintained as consistently as desired, and it is likely that there much the same fugitive 
odours from the primary treatment area now as before, taking account of the slightly larger 
area of covers over primary tanks.  
 

5.6    Conclusion  
 
Based on the field measurements, the following conclusions are reached: 

!  The odour concentrations in ventilation air from the primary treatment area are high, 
and much the same as measured before; 

!  The verification measurements of negative pressure showed improved extraction 
from the outlet end of the primary tanks, but similar extraction for the other areas; 

!  Thus, in the short term, fugitive odour emissions from the primary tanks may have 
increased in Stage 3 due to the larger cover area and lack of improvement on 
negative pressure under the covers; 

!  However, it is expected that, with the operation of the parallel fan, fugitive odour 
emissions from the primary treatment area should be reduced as a result of the 
Stage 3 upgrade. 
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6.   Secondary Treatment Area  
 
This Chapter describes the changes in odour management in the secondary treatment 
area. 

6.1  Objective  
 
As shown earlier in Table 1-1, and summarised in Table 6-1, the Stage 3 odour upgrade 
assumed there would be an increase in fugitive emissions in proportion to the increase in 
the surface area of covered secondary tanks and secondary clarifiers.  
 

Table 6-1  Projected Odour Emissions Before and Aft er Upgrade 
 

Plant Area / Process SITUATION BEFORE UPGRADE SITUA TION AFTER UPGRADE 

 
Specific 

Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Specific 
Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Aeration Tanks - 
Anoxic Zones 23 OU/m2/s 95 % 4,025 23 OU/m2/s 95 % 4,485 
Aeration Tanks - 
Aerobic Zones 19 OU/m2/s 95 % 6,745 19 OU/m2/s 95 % 7,505 
Secondary 
Sedimentation Tanks 0.5 OU/m2/s  5,200 0.5 OU/m2/s  8,000 
 
 

6.2   Results Obtained in Verification Program  
 
The secondary clarifiers have low odour emission rates and thus are not covered and 
ventilated. To ensure low odour emissions from the clarifiers, scum harvesters were 
installed on the mixed liquor channels to remove scum and avoid a floating layer of scum 
on the secondary clarifiers. 
 
Air from the anoxic and aeration tanks is extracted at one end and conveyed in ducts to 
the new activated carbon scrubber.  Thus the odour in the secondary air is measured at 
the inlet to the activated carbon scrubber.  Figures 6-1 and 6-2 show the H2S 
concentrations measured in the ducts leading from the secondary tanks to the activated 
carbon scrubber.   
 
It can be seen that: 

!  There is a regular diurnal cycle in H2S concentrations, with the peak in the evening, 
from 4 pm to 12 pm (typically  3 ppm); 

!  Lower H2S concentrations are measured during the late morning of 0.1 to 1 ppm, 
 
Odour concentrations in the secondary air measured on this occasion ranged from 
21,000 OU to 130,000 OU, with a 75 percentile level of 60,000 OU.  This is higher than 
measured in the 2006 monitoring programs (75 percentile level of 16,000 OU). 
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Figure 6-1  Hydrogen Concentration Measured in AC S crubber Inlet ! 11 April 2011 
 

 
 
 

Figure 6-2  Hydrogen Concentration Measured in AC Scrubber Inlet ! 19 April 201 1 
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6.3    Pressure Tests in Secondary Tanks  
 
Observations made in the monthly audits of during the Beenyup upgrade showed that 
pressure levels in the secondary tanks were generally satisfactory.  A trend plot for the 
pressure in these sensors for October 2011 (see Figure 6-3) shows strong negative 
pressures for some sensors but prolonged periods of weak or even positive pressure at 
other sensors.  Thus there appears to be a need to rebalance the flow in these ducts to 
achieve consistent negative pressure throughout the secondary area..    
 

Figure 6-3   Pressure Measured in the Secondary Tan ks ! October 2011 
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6.4    Evaluation of Results Obtained in Verificati on Program  
The odour concentration measurements for the secondary tanks after the Stage 3 upgrade 
show that the measured odour concentrations in Stage 3 are higher than in 2006. The 
hydrogen sulphide levels in the ducts from the secondary tanks were typically 1 to 3 ppm, 
much the same as measured in 2006. 
 
Extraction of air should be much the same, but negative pressures are achieved more 
consistently in the secondary tanks. 

6.5    Conclusion  
 
Based on the field measurements, the following conclusions are reached 

!  The odour concentrations in ventilation air from the secondary treatment area are 
higher than measured before, although H2S levels are much the same; 

!  With consistent negative pressure being achieved, the target for the Stage 3 
upgrade will be met (and perhaps slightly bettered) in the secondary area. 
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7.   Digester and Sludge Handling Area  
This Chapter describes the changes in odour management in the sludge handling area. 

7.1  Objective  
 
As shown earlier in Table 1-1, and summarised in Table 7-1, the Stage 3 odour upgrade 
assumed there would be an increase in fugitive emissions in proportion to the increase in 
the surface area of DAF tanks, the number of digesters (sludge heaters and biogas flare), 
balanced by a substantial reduction in odour emissions from loading biosolids into trucks, 
due to the enclosure built for this operation in Stage 3. 
 

Table 7-1  Projected Odour Emissions Before and Aft er Upgrade 
 

Plant Area / Process SITUATION BEFORE UPGRADE SITUA TION AFTER UPGRADE 

 
Specific 

Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Specific 
Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

DAFT's 19 OU/m2/s 98 % 74 19 OU/m2/s 98 % 100 
Anaerobic Digesters   0 % 1,810   0 % 1,810 

Sludge Heaters 

2000 
ppmv2000 
m3/day 98 % 1,900 

2000 
ppmv2500 
m3/day 98 % 2,375 

Sludge Dewatering   98 % 200   98 % 200 
Dewatered Sludge 
Storage   99 % 100   99 % 100 
Dewatered Sludge 
Truck Loading Area 
(background)   0 % 4,000   95 % 200 

Biogas Flare 

2000 ppm 
H2S at 
11,000 m3/d 98 % 10,200 

2000 ppm 
H2S at 
12,000 m3/d 98 % 11,120 

7.2   Results Obtained in Verification Program  
The existing rectangular DAF tanks were found in 2006 to be low sources of odour.  The 
new circular DAF tanks are fully covered, with the air from beneath the covers extracted 
and scrubbed.   The odour level in air from DAF tanks is low and the DAF tanks are a very 
minor source of odour. 
 
Anaerobic Digesters 
 
The two new anaerobic digesters that were installed in the Stage 3 upgrade have fixed lids 
and thus are not sources of fugitive odours.   However, the two new sludge digesters 
increased the volume of digestion capacity, resulting in increased digester gas production.  
The volume of gas produced exceeded the capacity of the sludge heaters and waste gas 
flare (900 m3/hr).  The waste gas flare was burning 1,100 m3/hr in mid-2011.  As a result, 
there has been release of digester gas from the pressure relief valves on the digesters and 
the new gas holder, resulting in occasionally high odour levels in Woodvale. This problem 
is being addressed by installing a new waste gas burner. 
 
Sludge Heaters 
 
New sludge heaters have been installed, but testing in the Stage 3 commissioning showed 
that their combustion efficiency was low, resulting in a high discharge rate of hydrogen 
sulphide in their exhaust gas (see Table 7-2), which shows hydrogen sulphide levels of  
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27 to 37 ppm in the exhaust.  This will result in very high odour emissions and needs to be 
addressed by upgrading the sludge heaters. 

 
Table 7-2    Discharge Gas Levels from Waste Gas Bu rner and Sludge Heaters 

 

 
 
Centrifuge Room 
 
The new building enclosing the trucks loading biosolids has reduced the ventilation in the 
centrifuge room, and the UV odour scrubber in the room does not effectively reduce odour.      
This problem needs to be addressed by installing an extra duct to capture centrate odour, 
and providing two new exhaust fans and discharge stacks in the roof of the centrifuge 
room. 
 
Sludge Storage Hoppers 
 
No changes have been made to the storage hoppers for dewatered sludge (although the 
conveyor was replaced), and so there should not be any change in fugitive odour 
emissions from this source, provided the air extraction rate is maintained at the design 
level of 30 air changes per hour. 
 
A new building was provided to enclose the trucks loading biosolids.  At the same time, a 
new escape ladder was installed from the centrifuge room to inside the truck loading 
building.  The location of this ladder has meant that the doors of the building are kept open 
except for the short periods when trucks are being loaded.   The open doors allow large 
quantities of fresh air to enter the odour ducts, altering the balance of flow in the ducts and 
reducing the possibility to capture odour from spilled biosolids.   This problem needs to be 
addressed by moving the emergency escape ladder outside the loading building, keeping 
the doors closed, and rebalancing the flow in the odour ducts. 
 
As described in the next section, the biosolids load-out building is very effective at 
capturing odour when operated as intended. 
 
Figure 7-1 shows the hydrogen sulphide levels measured in the sludge duct.  The H2S 
levels are typically between 1 and 3 ppm, with high levels through most of the day and 
evening.  At the time these measurements were made, the doors to the solids load-out 
building were open allowing a large volume of excess dilution air to enter the ducts.  In 
normal operating conditions, the H2S levels in the sludge duct would be considerably 
higher. 
 
Figure 7-2 shows the H2S concentrations in the duct from the sludge lead-out at Beenyup.  
It can be seen that there is a pattern of spikes in H2S concentration during the day: these 



35 

Consulting Environmental Engineers 

correspond to periods when biosolids are loaded into trucks.  The H2S concentrations 
drop quickly after the trucks are loaded (see next chapter). 

 
Figure 7-1  Hydrogen Concentration Measured in Slud ge Duct 

 

 
 

Figure 7-2  Hydrogen Concentration Measured in Slud ge Load-out Duct 
 

 
. 
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Venting from Digester Pressure Relief Valves 
 
To check whether venting was occurring from the digesters, a monitoring regime was 
instigated for a week in October 2010 with the condition of the pressure relief valves 
inspected three times per day.  As can be seen in Table 7-3, there was venting of gas from 
digester 2 almost all the time, and venting from digester 5 about half the time.  This issue 
will be resolved only when the new waste gas flare is in operation. 
 

Table 7-3    Monitoring of Venting from Digester Pr essure Relief Valves 
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8.    Biosolids Load-out Building  
 
This Chapter describes the improvement in odour management from the construction of a 
building to enclose the process of loading biosolids into trucks. 

8.1  Objective  
 
One of the largest sources of odour at the Beenyup WWTP was the emissions from 
digested and dewatered biosolids as it is dropped into trucks for cartage from the site.  An 
average of three truck and trailer combinations is loaded three times per day, six days per 
week.  The biosolids release an intense odour which could be detected for up to a 
kilometre downwind.  Thus a key objective of the Stage 3 upgrade was to capture the 
odours during the biosolids loading operation.  This was achieved by enclosing the trucks 
within a drive-through building.  A substantial reduction in odour emissions due to the 
biosolids load-out building was expected, as shown Table 8-1.  
 

Table 8-1  Projected Odour Emissions Before and Aft er Upgrade 
 

Plant Area / Process SITUATION BEFORE UPGRADE SITUA TION AFTER UPGRADE 

 
Specific 

Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Specific 
Odour Rate 

Capture / 
Destruction 
Efficiency 

Emission 
(OU.m3/s) 

Dewatered Sludge 
Truck Loading Area 
(background)   0 % 4,000   95 % 200 

 
Design of Enclosure 
 
The new biosolids load-out building is 24 m long, 6 m wide and 6 m high.  There are roller 
doors on each end, which are normally kept closed.  When an empty truck arrives, one 
roller door is opened, the truck drives inside, and the roller door is closed.   When the truck 
is parked under the biosolids storage hopper, large knife valves at the base of the hopper 
open and a controlled quantity of biosolids is dropped into the truck.  The truck moves 
forward several times during the loading process to achieve an even distribution of load.   
 
Two hydrogen sulphide sensors inside the building monitor the odour level.  When the 
truck is fully loaded, there is a delay of 12 minutes (2 air changes, as the system is 
operating at 12 air changes per hour).  If after that delay, the hydrogen sulphide sensors 
register low H2S (<0.1 ppm), the front roller door opens and the truck drives out.  
Immediately after leaving the building, the driver closes steel covers over the biosolids to 
minimise fugitive release of odour during the truck journey. 

 
Design Parameters for Odour Control  

!  Air extraction at 12 air changes per hour;  
!  Four air intakes and four odour extraction points; 
!  Inlet air velocities (during extraction) above 2 m/s; 
!  Truck delayed for 2 total air changes (approx. 12 minutes) after completion of  

loading to clear residual odorous gases from the building prior to opening doors; 
and 

!  A negative pressure of -10 Pa inside the building. 
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8.2   Results Obtained in Verification Program  
 
Inspection showed that the building has been constructed as designed.  Initially there were 
gaps around the roller doors but after the initial smoke tests, further sealing was added. 
One negative pressure sensor is installed inside the building on the west wall. 
 
Four air inlets with adjustable louvers are provided on the east side of the building.  The 
louvers provide an air inlet velocity of 2.0 m/s.   
 
Four air extraction points are provided on the west side of the building, with the ductwork 
outside the building.  The ductwork from the extraction points join to a common duct 
discharging to the Stage 2 Chemical Scrubbers.   
 
Flow Verification 
 
The air extracted from the building is monitored by a thermal mass air flow instrument 
(FIT-07586) on the duct prior to the inlet of the chemical scrubbing.  A low-flow alarm or 
fail signal on the airflow meter opens the roller doors as a safety measure.  The instrument 
records the foul air extracted from the building and DAF tanks + 1 ! 3.  The design airflow 
rates from these two process areas are: 
 Biosolids Load-out  15,000 m3/hr 
 DAFTs 1 ! 3    1,413 m 3/hr. 
 
The airflow recorded on FIT-07586 was verified by two independent field devices - vane 
wind meter and pitot with manometer.  The dampers on DAFTs +1 ! 3 were closed during 
the test period to ensure that only the air flows from the load-out building were measured.    
In addition, the airflow was measured at each of the four extraction ducts from the building.  
These measurements enable the airflow from the four Biosolids load-out extraction points 
to be balanced thereby ensuring that the air is extracted equally from the entire building 
and to limit the formation of *dead spots".     
 
The manual measurements of the airflow were recorded at the sample point in the duct 
located next to FIT-07586.  As shown in Table 8-2, when the online instrumentation was 
reading 14,800 to 15,200 m3/hr, the manual readings during the same time period were 
significantly higher at 21,000 to 21,500 m3/hr.  Both the vane instrument and the pitot tube 
with manometer produced near identical results and as such it is concluded that the online 
instrument FIT-07586 is recording measurements lower than the true value.   
 

Table 8-2    Verification of Flow Measurement from Load-out Building 
 

FIT-07586  Flow  
(m3/hr) 

Vane Meter Flow 
(m3/hr) 

Pitot Tube > 
Manometer Flow 

(m3/hr) 
14,800 to 15,200 21,000 to 21,400 21,000 to 21,500 

 
The lower readings on FIT-07586 may be caused from a build-up of grease and 
particulates on the thermal mass instrument, which can decrease the readings from the 
instrument.  It is recommended that maintenance personnel clean FIT-07586 on a monthly 
basis due to its critical nature in ensuring a safe environment within the Biosolids load-out 
building.     
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The initial airflow readings from the extraction ducts indicated a bias towards the southern 
end of the biosolids load-out building, as shown in Table 8-3.  The measurement locations 
are shown in Figure 8-1. There are no balancing dampers on the four individual ducts and 
so a temporary balance was achieved by placing cardboard on the insect screen of the 
southern duct inlet.  The airflow measurements after this temporary arrangement 
suggested a better balance in the airflow between the four ducts from the building.   The 
temporary balancing was made permanent by replacing the cardboard with metal 
sheeting.      
 

Table 8-3     Flow Balance on Extraction Ducts from  Load-out Building 
 

Airflow 
(m3/hr) 

Point X 
(south) Point Y Point K Point Z 

(north) 
Design 3,750 11,250 7,500 3,750 
Actual 4,970 9,280 N/A 2,530 

Post Balance 
Actual 3,990 10,950 N/A 3,230 

 
Smoke Tests 
 
The load-out building was tested using visible smoke to identify: 

!  areas that could be susceptible to fugitive emissions; and 
!  the airflow patterns within the building are adequate to remove odours. 

 
Artificially generated, coloured smoke was introduced at three locations (marked as A, B 
and C on Figure 8-1).  Positions A and B represent the northern and southern extremities 
of the building; being the furthest points from the odour extraction ducts and therefore the 
most likely areas for lingering of odours and the potential escape of fugitive odours.  
Position C is directly beneath the biosolids load-out chutes and represents the location 
where most odour is generated.     
 
The tests were conducted with the load-out building empty and the doors fully closed. 
Each position was tested separately to reduce the number of personnel required to be 
within the building. The smoke test environment simulated the background conditions of a 
truck undergoing the load-out procedure (i.e. roller doors closed and odour extraction at 
design airflow rates).  The general patterns of movement of the smoke (airflow paths) were 
noted, with special attention paid to the movement of smoke from the extreme edges of 
the building to the odour extraction points.  In addition, an inspection was made outside 
the building to identify any smoke that escaped from the building.  This identified areas 
susceptible to fugitive emissions.      
 
The first set of smoke tests revealed that odours could potentially escape through the 
bottom and top of the roller doors. At the southern door there was a gap of approximately 
5 cm between the bottom of the roller door and the road, and a gap of approximately 2 cm 
for the northern door.  This gap allowed smoke to escape the building and as is a concern 
for fugitive odours.  In addition, smoke escaped from the gap at the top of the rollers when 
the roller door has fully unwound.   Thus extra sealing was provided around the perimeter 
of the roller doors. Other than the roller doors, there was only one small hole where smoke 
was visible on the outside of the Biosolids load-out Enclosure.  This was a hole housing an 
electrical cable in the centrifuge building which has now been sealed.   
 



40 

Consulting Environmental Engineers 

Figure 8-1   Monitoring Positions in Solids Load-out Building 
 

 
Both the smoke and odour containment tests indicated that the wind direction and strength 
influenced the air draughts within the building.  The fresh air louvers were adjusted to 
make the fresh air flow upwards into the gaps. 
 
Odour Containment Tests 
 
The building was designed to contain the odours during and after loading dewatered cake 
into the trucks.  The roller doors are integral to this system and so are designed to be 
closed except when trucks enter and exit the building.  There is a delay after truck loading 
so two complete air-changes occur (approx. 12 mins) before the doors can open. 
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Test were carried out during loading operations with Odaloggers in various points within 
the load-out building to obtain a profile of H2S concentrations in the building and within the 
extraction airflow (which provided information on the total volume of odours extracted from 
the building) in typical operations.   
 
Three trucks (with two trailers) were loaded throughout the day, with odour containment 
testing occurring on all three load-outs. The truck was enclosed within the load-out building 
and the roller doors closed prior to the commencement of loading.  The odour containment 
results for the building and the extract duct results from all three truck loading sessions are 
shown in Figures 8-2 to Figure 8-4.  
 
Session 1 commenced at 07:35.  Figure 8-2 shows the H2S concentrations measured by 
the Odaloggers positioned at the southern roller door, northern roller door, western side of 
building and eastern side of building.  The figure also shows the H2S concentrations 
measured by two online Drager H2S analysers inside the building, and the measured air 
flow.  
  
At the beginning of the load-out process, the H2S concentration spiked markedly up to 
20.1 ppm (Southern Roller Door) with the odour in the extraction duct reaching 13.0 ppm.  
To fully load both trailers, the truck had to move three times within the building i.e. four 
releases of biosolids into the truck and trailer.  Similar spikes in H2S concentration 
occurred each time biosolids dropped into the truck.  The time gap between moving the 
truck during the loading was due to the interim operating procedure during the testing, 
whereby Water Corporation Operations waited until 0 ppm was registered on their hand-
held H2S monitor prior to allowing the driver to enter the building to move the truck.    
 
In all loading events, the Odalogger positioned at the southern door had the highest H2S 
readings.  The wind direction was from the north-east and, similar to the experience during 
the smoke tests, it seems that odours within the building are *pushed" towards the southern 
end by a north-east wind outside the building.  Modifications to the fresh air louvers have 
subsequently been made to reduce the influence of outside winds to the air draughts 
within the building.   
 
The H2S concentration at all points decreased after completion of loading, with the H2S 
concentration reaching a plateau of less than 1 ppm just prior to the 10 minute time period, 
as shown in Figure 8-2.  According to W2WA, this indicates that 10 minutes is sufficient 
time before opening the roller doors as by then fugitive odour emissions would be small.   
 
Spot measurements were also taken within and outside the Biosolids load-out building.  
There was no H2S concentration recorded around the outside of the building except at the 
bottom of the roller doors.  Measurements of up to 9 ppm were measured at the bottom of 
the southern roller door indicating that odour was escaping from the gap at the bottom of 
the roller door.  This verifies the results obtained from the smoke testing that fugitive odour 
emissions can escape from the gap at the bottom of the roller door.  As a result, a rubber 
seal was been added to the base of the roller door after the commissioning tests.  No 
further tests data are available to verify the performance of the seal. 
 
The airflow during the testing period ranged from 14,000 to 16,000 m3/hr.  The airflow 
measurement was from the online instrument, FIT-07586, with a correction factor applied 
to account for the inaccuracy of the airflow instrument.   
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Figure 8-2    Results of Odour Containment Tests - Session 1 
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Similar results were obtained for the next two loading sessions, shown in Figures 8-3 and 
8-4.  The H2S concentration spiked as biosolids dropped into the truck but dropped after 
filling to reach a plateau of < 1 ppm just prior to the 10 minute waiting period.  This 
indicated that a 10 minute time period is sufficient to wait before the doors are opened, 
although the plots in Figure 8-2 show that 12 minutes would be better.   
 
Three alarms (audible and visual) are located within and outside the building to alert the 
operator that the H2S concentration is above 10 ppm (safe working level).  When the H2S 
concentration decreases to 8 ppm the alarm ceases, meaning that it is safe for an operator 
to enter the building.   
 
During the load-out process there were small periods (approx. 1 to 4 minutes during 
testing) when the concentration within the building was above 10 ppm.  This delays the 
loading process by a few minutes, as the truck driver must wait until the H2S levels reduce 
to 8 ppm before entering the building and shifting the truck forward for the next part of the 
load.  
 
During the tests, the biosolids load-out process took an extended time as the interim Water 
Corporation Work Instruction specifies the H2S concentration is to reduce to 0 ppm within 
the building prior to personnel entering.  However, in normal operations personnel can be 
within the building when the H2S levels are lower than 8 ppm.   There should be only minor 
fugitive emissions when the truck driver opens the door to enter and leave the load-out 
building, as the building is meant to be kept under negative pressure (see Figure 8-1 for 
position of doors in western face of load-out building). 
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Figure 8-3   Results of Odour Containment Test - Se ssion 2 
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Figure 8-4   Results of Odour Containment Test - Se ssion 3 
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Problem of Emergency Escape Ladder  
 
As part of the construction of the new biosolids-load building, a new escape ladder was 
installed from the centrifuge room to inside the biosolids load-out building.   The location of 
this ladder has meant that the doors of the building are kept open except for the short 
periods when trucks are being loaded (to permit emergency access).   The open doors 
allow large quantities of air to enter the odour ducts, altering the balance of flow in the 
ducts and reducing the possibility to capture odour from spilled biosolids.   This problem 
needs to be addressed by moving the emergency escape ladder outside the load-out 
building, keeping the doors closed and rebalancing the flow in the odour ducts. 
 
Reduced Ventilation in Centrifuge Room  
 
Two additional Odaloggers were placed in the centrifuge room to monitor any increases in 
H2S concentrations within the room during the biosolids load-out process.  Figures 8-5 and 
8-6 show the H2S concentration measured by the two Odaloggers as well as the H2S 
concentration measured by the two online Drager H2S analysers within the building. 
 
No centrifuges were in operation during the first load-out.  As shown in Figure 8-5, there 
were low H2S readings in the centrifuge room during this period, even though a truck was 
loaded with biosolids during this period.  This indicates that the load-out operations do not 
release odours into the centrifuge building.   
 
Once the centrifuges commenced operation, there were significant odours within the 
centrifuge room, with Figure 8-6 showing peak levels above 60 ppm.  The high H2S 
concentration in the centrifuge room needs to be investigated by the Water Corporation as 
it poses an OHS risk as well as a corrosion issue for the components within the room.   
 

  Figure 8-5   Results of Odour Testing ! Centrifuge Room 
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  Figure 8-6   Results of Odour Testing ! Centrifuge Room 
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8.3    Conclusion  
The load-out building underwent extensive testing to establish the degree of control of 
odours, using flow measurement, Odaloggers and smoke tests. Based on the field 
measurements, the following conclusions are reached: 

!  With adequate sealing of the roller doors, odours should be captured by the building 
and ventilation system; 

!  The roller doors must be kept closed at all times except when trucks are entering or 
leaving.     There is an escape of fugitive odour when the doors are opened. 

!  Trucks must be detained for at least 10 minutes (and preferably for 12 minutes) 
after the last biosolids loading event, before the doors are opened; 

!  A new escape ladder was installed from the centrifuge room to inside the truck 
loading building.  The location of this ladder has meant that the doors of the building 
are kept open except for the short periods when trucks are being loaded.   The 
open doors allow large quantities of air to enter the odour ducts, altering the 
balance of flow in the ducts and reducing the possibility to capture odour from 
spilled biosolids.   This problem needs to be addressed by moving the emergency 
escape ladder outside the loading building, keeping the doors closed and 
rebalancing the flow in the odour ducts; 

!  The new load-out building has reduced the ventilation in the centrifuge room, and 
the UV odour scrubber in the room does not effectively reduce odour. This problem 
needs to be addressed by installing an extra duct to capture centrate odour, and 
providing two new exhaust fans and discharge stacks in the roof of the centrifuge 
room. 

!  If a consistent negative pressure is maintained in the load-out building, and the 
seals around the roller doors are maintained, it is considered likely that the target 
for the Stage 3 upgrade will be met. 
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9.   Scrubber Monitoring 
 
This Chapter describes the performance of the new activated carbon scrubber and new 
bioscrubbers.  The Stage 2 chemical scrubber continues in operation and polishes the flow 
from the bioscrubbers before it is discharged via a 50 m high stack. 

9.1   New Scrubber Arrangement  
 
Prior to the Stage 3 upgrade, there were chemical scrubbers handling the load from 
preliminary and primary treatment (the Stage 1 scrubbers) and a second set of chemical 
scrubbers handling the load from the secondary area and biosolids handling (the Stage 2 
scrubbers).  In Stage 3, the following changes were made: 

1. Air extracted from the secondary area was diverted to new activated carbon 
scrubbers, which discharged to a new 50 m tall stack; 

2. Air extracted from the preliminary and primary treatment areas was diverted to new 
bioscrubbers and the Stage 1 chemical scrubbers were decommissioned; 

3. Air extracted from the biosolids handling area was diverted to the new bioscrubbers; 
4. The air from the bioscrubbers was polished through the existing Stage 2 chemical 

scrubbers, which discharged to the existing 50 m tall stack. 
 
The revised arrangement from the scrubbers is shown in Figure 9-1.  
 

Figure 9-1.    Scrubber Arrangement at Beenyup WWTP  After Stage 3 Upgrade 
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9.2    New Activated Carbon Scrubber  
 
The main purpose of the Activated Carbon scrubbers is to treat the airstream from the 
secondary aeration area which has a high flow rate but low contaminant loads. The 
Activated Carbon system comprises of 6 activated carbon filter vessels operating in 
parallel, configured as 5 duty and 1 standby.  The fans are downstream of the activated 
carbon scrubbers.  The treated gas is then discharged via the outlet header to the new 
50 m high stack. 
 

Figure 9-2     Activated Carbon Scrubbers 
 

 
 
The six activated carbon vessels are a dual bed arrangement with a total carbon volume of 
approx. 25.7 m3.  The specific characteristics of the virgin and impregnated carbon are 
summarised in Table 9-1. 
 

Table 9-1   Characteristics of Activated Carbon 
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The fans are installed immediately downstream of the activated carbon vessels and are 
designed to cater for a 150 ML/d capacity secondary plant.  The fans are configured as 
duty/duty/standby in normal operation with automatic changeover on failure of any one fan. 
Each fan is controlled by a VSD, automatically modulated to maintain a flow rate equal to 
120 per cent of the aeration air supplied to the secondary system. 
 
A new 50 m high stack has been provided for the activated carbon system. The stack has 
a 1760 mm diameter discharge nozzle.  
 
Key Design Targets were: 

1. Fans and AC scrubbers operating for ? 99.9 per cent of the time; 
2. Target negative pressure of -10 Pa under covers of secondary tanks; 
3. Fans extract 120 per cent of peak aeration rate.  For the secondary treatment 

area, this corresponds to a minimum airflow of 14,400 m3/hr per train. 
. 

The outlet H2S concentration is the key performance indicator for the system and is 
continuously monitored by an online instrument on the outlet duct to the stack. The range 
of this instrument is 0 ! 1500 ppb, with readings t aken every 17 minutes.  Throughout the 
commissioning period, February to August 2010, the outlet H2S concentration did not 
exceed 50 ppb, indicating that all extracted airflows were treated effectively through the 
Activated Carbon System. 
 
The air extraction from the different areas of the Secondary Treatment Area at the time of 
commissioning the scrubber are summarised in Table 9-2.  The actual airflows slightly 
exceeded the target airflows, except in Aeration Tanks +1-3. The measured airflow from 
Aeration Tanks +1-3, 14,200 m3/hr, was close to the target airflow, 14,400 m3/hr, and as 
such was considered satisfactory.  
 

Table 9-2    Extraction Rates from Secondary Tanks 
 

Secondary Area Source Target flow, m3/hr Actual flow,  m3/hr 

Aeration Tank 1-3 14,400 14,200 

Aeration Tank 4-6 14,400 14,400 

Aeration Tank 7-9 14,400 15,100 

Aeration Tank 10-12 14,400 16,300 

Aeration Tank 13 14,400 15,800 

Aeration Tank 14 14,400 15,500 

Aeration Tank 15 14,400 17,200 

9.3     Commissioning Tests for New Activated Carbo n Scrubber  
 
Table 9-3 shows the H2S load to the Activated Carbon scrubber during commissioning.  It 
can be seen that in this period, the H2S load was substantially below the design load, and 
also below the levels measured in the verification tests described in Chapter 3. 
 
During the commissioning period, the inlet concentration averaged 0.4 ppm (compared to 
1.8 to 2.1 ppm during the TOU monitoring).  During the commissioning period, the peak 
inlet concentration was 1.1 ppm (compared to a 99 percentile level of 2.9 to 3.2 ppm 
during the TOU monitoring) ! see Figure 9-2. 
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Table 9-3    H2S Level to Activated Carbon Scrubber in Commissioning Tests 
 

 
 

Figure 9-2  H2S Concentration at Inlet to AC Scrubb er! 19 April 2011 
 

 
 
The performance guarantee for the activated carbon scrubbers is for < 0.05 ppm H2S at 
the outlet of the scrubbers. This was determined through the collection of 8 grab samples 
from the outlet sample point, on four separate days at 12:00 and 21:00 hours (over the 10 
day period) which were analysed to determine the H2S concentration. The results from 
these grab samples are listed in Table 9-4.  The outlet H2S concentration was consistently 
below the required level of 0.05 ppm. 
 
From inspections during the monthly audits, it was found that when the incoming H2S was 
at higher concentrations, the activated carbon scrubber performed to a similar high 
standard. 
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Table 9-4    H2S Level from Activated Carbon Scrubb er in Commissioning Tests 
 
 

 
 
For odour, the performance guarantee for the Activated Carbon System is for <300 OU at 
the outlet of the system. This was determined through the collection of 8 grab samples 
from the outlet sample point, on four separate days at 12:00 and 21:00 hours (over the 10 
day period) which were analysed to determine the odour concentration. The results from 
these grab samples are listed in Table 9-5. The outlet odour concentration from the grab 
samples averaged 66 OU with a maximum of 90 OU and a minimum of 45 OU. This is well 
within the guaranteed performance. 

 
Table 9-5    Odour in Discharge - Activated Carbon Scrubber  

 
 



51 

Consulting Environmental Engineers 

 

9.4    New Bioscrubber Performance 
 
Bioscrubbers have been installed upstream of the existing Stage 2 chemical scrubbers to 
reduce the contaminant concentration of the most odorous airstreams. The bioscrubbers 
treat odorous air from the Preliminary Area, PST inlet and outlet channels, PST launders 
and sludge treatment areas.  
 
The bioscrubbers contain a mixed bacterial culture, which oxidise odorous contaminants 
using a biological process.  The bioscrubbers have two treatment phases contained in 
separate layers of media within each vessel. The first phase primarily removes hydrogen 
sulphide (H2S) and the second phase removes other odorous compounds including 
mercaptans, dimethyl sulphide and volatile organic compounds (VOCs).  
 
The TOU monitoring results show that the hydrogen sulphide concentration entering the 
bioscrubber was typically 20 to 50 ppm, with an average of 35 ppm (see Figures 9-3 and 
9-4).  The corresponding 75 percentile odour concentration at the inlet to the bioscrubber 
was 262,000 OU. 
 

Figure 9-3  H2S Concentration at Inlet to Bioscrubb er! 19 April 2011 
 

 
 
It can be seen in Figures 9-3 and 9-4 that there is a regular diurnal cycle in H2S 
concentrations entering the bioscrubbers, with the peak in the evening, from 6 pm to 
midnight (of typically 35 to 50 ppm) and lower H2S concentrations during the morning and 
the day (between 6 am and 10 am) of around 15 to 25 ppm. 
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Figure 9-4  H2S Concentration at Inlet to Bioscrubb er! 27 April 2011 
 

 
 
The bioscrubbers underwent a series of process commissioning tests between May and 
September 2010 as the facility was brought on line and settled into service. During this 
period, airflows from the Preliminary Treatment Area, PST Launders and Sludge 
Treatment Area were transferred in steps to the bioscrubbers to allow the acclimatisation 
of the biological processes within the towers. 
 
The bioscrubber system is guaranteed to meet the performance criteria in Table 9-6 with 
one of the six bioscrubbers offline. In normal operations, the standby scrubber is in service 
all the time, to maintain an active biological system, but there is flexibility for one 
bioscrubber to be shut periodically for maintenance without compromising the performance 
of the scrubbing system. 
 

Figure 9-6   Bioscrubber System Design Performance Requirements 
 

 
Note that the bioscrubbers use recycled treated effluent and not potable water. 
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Bioscrubber Commissioning Performance Test 
 
The performance tests for the bioscrubbers were conducted at site by the supplier with the 
assistance of W2WA using a target airflow of 79,000 m3/hr. The odour removal test was 
required to be performed with five bioscrubbers operating and each vessel receiving 
approximately 15,800 m3/hr.  The performance test was conducted over a 10 day period, 
26 July 2010 to 4 August 2010. 
 
Table 9-7 lists H2S concentrations (measured using a 0 ! 200 ppm Odalogger) in the 
inflow to the bioscrubbers over the test period.  The H2S levels during that period are well 
below current levels. 
 
Table 9-7   Influent H2S Concentrations to Bioscrub ber during Performance Tests 
 

 
 

 
Discharge H2S Concentration from Bioscrubbers 
 
The H2S performance guarantee  for the Bioscrubber System is to have < 0.25 ppm H2S 
in the discharge or ? 99.5% H2S removal. This was determined through the collection of 8 
grab samples on four separate days at 12:00 and 21:00 hours (over the 10 day period) 
which are analysed to determine the outlet H2S concentration. The results from these grab 
samples are listed in Table 9-8.  It can be seen that the bioscrubbers met the 
requirements, with all the samples below the minimum detection limit of 0.07 ppm. 
 
While the grab samples showed good performance, it was noted in the continuous H2S 
records that there are occasional spikes in the outlet H2S concentration ! each 
corresponding to a spike in the inlet concentration.  As there are chemical scrubbers 
downstream of the bioscrubbers, this is not a major concern. 
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Table 9-8     Bioscrubber System Discharge H2S Samp ling Results 
 

 
 
 
The odour performance guarantee  for the bioscrubbers is for either < 5,000 OU at the 
outlet of the system or 95 % OU removal. The results from the grab samples are listed in 
Table 9-9. The Olfactometry results show that only 6 of the 12 odour tests met the required 
performance criteria.  The odour was generally between 4,000 OU and 10,000 OU, with 
the best odour removal achieved through the bioscrubbers being 80 per cent removal. 
 

Table 9-9   Bioscrubber System Outlet Odour Unit Co ncentrations 
 

 

 
10 Pass status achieved when detection limit (± 20%) are taken into consideration. 
11 Pass status achieved when detection limit (± 20%) are taken into consideration 
 
The TOU testing (see Table 2-2) shows the 75 percentile odour at the inlet to the 
bioscrubbers is 262,000 OU while the 75 percentile odour at the outlet is 60,000 OU. This 
indicates 74 per cent odour removal is currently achieved by the Beenyup bioscrubbers. 
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The causes and contributing factors leading to the low odour removal in the bioscrubbers 
is still under investigation.  Operational changes to the irrigation regimes have been 
instigated but there has not been a significant improvement as yet. 
 
Nonetheless, the bioscrubbers are doing a good job in removing the majority of the H2S 
and thereby saving chemical use in the chemical scrubbers. 
 
Figure 9-5 shows the H2S levels recorded by TOU in the air stream from the bioscrubbers 
entering the chemical scrubbers (which is mostly from the bioscrubbers).   The average 
concentration is between 1 and 2 ppm, which is a substantial reduction from the H2S 
levels at the inlet to the bioscrubbers.  There are also occasional spikes in H2S levels 
entering the chemical scrubbers.  
 

Figure 9-5  H2S Concentration Entering Chemical Scr ubber 
 

 
 

9.5     Chemical Scrubber Performance 
 

The Stage 2 chemical scrubber is designed to handle a maximum flow of 135,600 m3/hr.  
The chemical scrubbers are to remove 99 % of the hydrogen sulphide and the guaranteed 
H2S scrubbing efficiency is 99 % at an H2S inlet concentration between 5 and 10 ppm. 

 
Figure 9-6 is an example of recorded chemical scrubber performance in October-
November 2010, after the bioscrubbers were operating. The H2S at the inlet to the 
bioscrubbers averaged 30 ppm, the H2S at the outlet from the bioscrubbers averaged 
0.5 ppm and the H2S at the outlet from the chemical scrubbers was less than 0.05 ppm.  
 
Other inspections during the monthly audits in the Stage 3 upgrade found that the 
chemical scrubbers performed efficiently over a period on months. The odour 
concentration in the outlet of the chemical scrubber averages 1,200 OU. 
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9.6     Summary of Scrubber Performance 
 
Figure 9-7 provides a graphical summary of the performance of the three sets of scrubbers 
currently operating at Beenyup WWTP based on the monitoring carried out in the Stage 3 
verification program. 
 
The bioscrubber receives the most odorous air with a 75 percentile concentration of 
260,000 OU and achieves a reduction of between 75 and 80 per cent to 60,000 OU (but 
also achieves a much greater removal of H2S, as discussed above). 
 
The chemical scrubber receives the air from the bioscrubber at 60,000 OU and achieves a 
very high odour removal to achieve a discharge through the first tall stack at 1,200 OU. 
 
The activated carbon scrubber receives air from the secondary tanks with a 75 percentile 
odour concentration of 12,000 OU. The AC scrubber is very effective at odour removal and 
achieves a discharge level of 300 OU. 
 
Thus the two stack discharges have low odour concentrations as a result of effective 
scrubbing (1,200 OU and 300 OU, respectively). 

 
Figure 9-7    Summary Diagram of Scrubber Performan ce  
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10.     Wind and Meteorological Monitoring  

 

10.1   Monitoring Program 
The Water Corporation installed a wind and meteorological monitoring station at the 
Beenyup WWTP in June 2003 (see Figure 10-1).  The monitoring station is located in the 
northern part of the plant site, where there was an area clear of buildings and tall trees.  
The location of the monitoring station was selected to measure winds and air movement 
on the treatment plant site, while best meeting the Australian Standard for the location of 
wind monitoring stations.  
 
The meteorological station at Beenyup commenced operating in June 2003, and is still 
recording wind and other meteorological data.   
 

Figure 10-1 Location of Meteorological Monitoring S tation 
 

 
 
The equipment installed at the monitoring station includes: 

!  Wind speed and wind direction sensor at  2 m and 10 m above the ground; 
!  Air temperature at 2 m and 10 m above the ground; 
!  Relative humidity sensor; 
!  Solar radiation and net radiation sensors;  
!  Sigma theta; and  
!  A rain gauge (tipping bucket). 
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Wind direction, wind speed and air temperature at 2 m and 10 m elevations are recorded 
at Beenyup WWTP at 10 minute intervals.   
 

10.2 Calibration of Meteorological Station 
 
The sensitivity of the meteorological instruments installed at Beenyup is listed in Table   
10-1.  Field checks are conducted on all the meteorological sensors at the Beenyup 
WWTP on a monthly basis (and during any interim visits) to verify that the instruments and 
sensors are in good condition, and that the recorded values are within the control limits 
listed in Table 10-1.   
 
In addition, the meteorological instruments and sensors are calibrated on an annual basis.  
The wind speed sensor and solar radiation sensors are sent to an accredited calibration 
service provider, while the other instruments and sensors are calibrated on site against 
reference instruments and data to check they are consistent with the manufacturers" 
specifications. 
 

Table 10-1 Sensitivity of Wind Monitoring Station 
 

Parameter Range Accuracy Threshold 

Wind speed 0 to 60 m/s 0.24 m/s 0.22 m/s 

Wind direction 0 to 360o @/- 2o Not applicable 

Air temperature 
(2 m and 10 m) 

- 20oC to @ 60 oC Nearest 0.01 oC Not applicable 

Rainfall Tipping bucket @/- 2 % Not applicable 

Relative humidity 0 to 100 % RH @/- 1 % Not applicable 

Solar radiation 0 to 4,000 W/m2 @/- 20 W/m2 Not applicable 

Net solar radiation 0 to 4,000 W/m2 @/- 20 W/m2 Not applicable 
 
 

10.3   Wind Speed and Direction Distribution 
 
Figures 10-2 and 10-3 present the frequency distributions of wind speed and direction, 
respectively, at Beenyup.   
 
The frequency distribution of wind speed at the Beenyup site shows that the 10 percentile 
wind speed is 1.0 m/s, the median wind speed is 2.8 m/s, and the 90 percentile is 5.0 m/s.  
These speeds are similar to the winds measured at Subiaco WWTP (where the median 
speed is 2.6 m/s) but lower than at exposed coastal sites (eg. the median wind speed 
measured at Swanbourne is 4.9 m/s). 
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Figure 10-2 Wind Speed Distribution at Beenyup WWTP  
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The frequency distribution of wind direction in Figure 10-3 shows that the dominant winds 
at Beenyup come from the south-east and south-west directions. There are fewer winds 
from the north-west to the north-east directions.  

 
Figure 10-3 Wind Direction Distribution at Beenyup WWTP 
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Table 10-2 compares wind speed percentiles for the 2008 wind file, which has been used 
for odour modelling, with the percentiles for the 2006, 2007 and 2009 years.  It can be 
seen that the 10 percentile wind speed recorded in 2008 is slightly lower than for the other 
years, but the 50 percentile and the 90 percentile speeds are the same as in the other 
years. Having the 10 percentile slightly lower makes the 2008 wind file slightly 
conservative, although overall it is a representative data set.  

 
Table 10-2 Comparison of Annual Wind Speeds 

 
Percentile 2006 2007 2008 2009 

10 % 1.1 1.1 1.0 1.1 
50 % 2.7 2.8 2.8 2.8 
90 % 4.8 5.1 5.0 5.1 

10.4   Wind Roses 
Figures 10-4 and 10-5 depict wind roses for Beenyup for the years 2008 and 2007 
respectively. The different coloured bars in the wind roses represent different speed winds 
! the thicker the bar the stronger the wind speed. The turquoise bars represent winds 
speeds of 7.5 - 9 m/s, the green speeds of 6 -7.5 m/s, the blue 4.5 ! 6 m/s, the red 3 !   
4.5 m/s, the yellow 1.5 ! 3 m/s, and the pale green  the low speeds winds of 0.5 ! 1.5 m/s.  
 
It can be seen in Figure 10-4 that in 2008 Beenyup occasionally experienced wind speeds 
stronger than 5 m/s (18 km/hr) and very occasionally stronger than 7.5 m/s (27 km/hr). The 
stronger winds typically come from the south to west sectors.  Figure 10-5, for the 2007 
winds, shows slightly more winds over 7.5 m/s coming from the west, south-west and 
south.  
 
Longer bars indicate a higher proportion of winds from a particular direction sector.  It can 
be seen from the wind roses for both 2007 and 2008 that the most common winds come 
from the south-west and from the east to south.   A lower proportion of winds come from 
the west to north.  
 
The 2007 and 2008 winds are very similar with the main difference being slightly more 
winds come from the south-east in 2007 compared to 2008.   Both years show light winds 
come mostly from the south-east sector. 
 
Figure 10-6 shows the 2008 wind rose for day-hours (6 am to 6 pm) and 10-7 shows the 
wind rose for the 2008 night hours (6 pm to 6 am).  The wind rose for day hours (Figure 
10-6) shows the south-west winds are dominant, with south-east being the next most 
frequent wind direction.  While there are a small proportion of low wind speeds from all 
directions, there are more from the east and south-east sectors than other directions.   
 
The wind rose for night hours (Figure 10-7) shows a dominance of winds from the south-
east, south and east sectors, with relatively few winds from the north-west. 
 
In summary, while low speed winds were measured from all sectors of the compass, there 
were more low speed winds from the east to south sector than from other directions.   
Overall, winds of only 1 m/s or less (which would seem to an observer to represent calm 
conditions) occur for 1.3 % of the time, mostly at night.  In general, low wind speeds, 
particularly when accompanied by low dispersion conditions, correspond to periods with 
higher odour levels in the areas downwind of the plant. 
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Figure 10-4 Wind Rose for Beenyup WWTP ! All hours in 2008 
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Figure 10-5 Wind Rose for Beenyup WWTP! All hours i n 2007 
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Figure 10-6 Wind Rose for Beenyup WWTP ! Day hours 
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Figure 10-7 Wind Rose for Beenyup WWTP ! Night hour s 
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11.   Odour Monitoring 
 
This section describes the emissions inventory and odour modelling procedure and 
results for the Beenyup WWTP including:  

1. Emissions prior to the odour control upgrades;  
2. Projected emissions (in 2010) immediately following the Stage 3 odour upgrade; 

and  
3. Emissions in 2011 following the odour upgrade and subsequent works (ie, 

completion of all necessary tasks). 
 

11.1   Modelling Protocol 
 
The odour modelling procedure meets the requirements of the EPA Guidance Statement 
No. 47 Assessment of Odour Impacts for New Proposals, and the DEP Air Quality and Air 
Pollution Modelling Guidance Notes (DEP, 2000). The modelling procedure: 

!  Uses the Ausplume model with an hourly time step; 
!  Bases odour emissions on the 75 percentile emission rate; 
!  Uses the local meteorological data collected at the monitoring station at the 

Beenyup site; 
!  Uses Pasquill-Gifford curves to model dispersion and the urban roughness profile; 
!  Uses terrain roughness of 0.6 m; and 
!  Adopts an odour acceptability standard of 5 OU (1-hour average odour level at 99.9 

percentile frequency).  Given the uncertainties inherent in the emission 
measurements and odour modelling, the predicted 5 OU contour should be seen as 
a band about 100 m or more wide, and not as a single line. 

 

11.2    Odour Model for Beenyup WWTP " Prior to Odo ur Upgrades 
 
The odour emissions for Beenyup have consistently been based on measurements of the 
specific odour emission rate (SOER) made using an isolation flux hood in accordance with 
AS4323.1 (2001). Thus measurements of odour concentration made in ducts must be 
converted back to equivalent SOER units to maintain the emissions inventory in consistent 
flux hood units. 
 
Table 11-1 provides a summary of the pre-upgrade odour emissions at the Beenyup 
WWTP for the major odour sources (from the 2001 GHD report) and the minor odour 
sources (from the site inspections at the time) prior to any odour upgrade works. 
 
The total odour emissions prior to the odour upgrades were estimated to be 521,800 OU/s.  
As a comparison, total odour emissions from the Subiaco treatment plant were estimated 
to be 304,900 OU/s in 2001. The estimated total odour emission per ML of flow at 
Beenyup (4,800 OU/s/ML) is much the same as the total odour emission per ML of flow at 
the Subiaco plant (4,900 OU/s/ML). 
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Table 11-1 Beenyup WWTP Odour Inventory for 2001  
Prior to Odour Upgrades 

 

Existing 
Odour Source 

Rate of odour 
emission 

Odour 
emission, OU/s 

Soil bed filter 27a 5,360 

Inlet fugitives 120a 26,800 

Inlet channels 160b 25,000 

Screenings building - 20,600 

Grit tanks 193a 38,700 

Primary tanks 27b 84,100 

PE Channel 120b 2,000 

Scum handling 50c 2,000 

Anoxic tanks 23a 58,100 

Aeration tanks 19a 95,100 

Mixed Liq. channel 15b 3,000 

Secondary clarifiers 2.7b 18,700 

DAF tanks 53b 3,620 

Digester fugitives 2.8b 4,500 

Gas flare stacka 13,900 

Sludge building Episodic source 120,000 

Total existing (OU/s) all sources  521,800 
 Note:  a. same as GHD 

b. increased as discussed above 
c. additional source not included in GHD inventory 

 
Figure 11-1 shows the predicted odour contours for the Beenyup WWTP prior to the odour 
upgrades.  Odours were predicted at 99.9 percentile frequency with 1-hour averaging 
using the Swanbourne meteorological file (as the Beenyup meteorological file had not 
been developed in 2001, as onsite meteorological measurements had not commenced).  
 
The highest predicted odour concentration was 200 OU, just beyond the perimeter of the 
plant.  The residences to the west and northwest of the plant were predicted to experience 
peak odour levels of about 50 to 100 OU, while the residences to the east of the Freeway 
were predicted to experience peak odour levels of about 25 to 100 OU.  These odour 
levels would cause considerable odour nuisance, and give rise to numerous complaints.  
This is in fact what happened prior to the odour upgrades at Beenyup. 

 
The model predictions of existing odour levels were presented at a Beenyup community 
group meeting on 18 November 2002.  The community members advised that the model 
correctly predicted the levels of odour that they experienced, and that the pattern of 
predicted odour levels corresponded to the areas that they considered were adversely 
impacted by odour. 
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Figure 11-1 Predicted Odour Contours for Beenyup WW TP 
Prior to Odour Upgrade 

 

 
 

11.3    Reduction in Odour Emissions 
 
As described in Chapter 1, the Stage 1 odour control works focussed on controlling odours 
from the preliminary and primary treatment areas.   The Stage 2 odour control works 
focussed on controlling odours from the secondary treatment area, as well as further 
upgrades in the preliminary and primary treatment areas, construction of a new chemical 
scrubber and construction of a 50 m high stack to disperse the scrubbed air from the two 
sets of chemical scrubbers. 
 
After Stages 1 and 2, the preliminary treatment, primary treatment and solids handling 
areas were covered.  The secondary treatment tanks (anoxic and aeration) also were 
covered, as well as the mixed liquor channels.  As a result of these odour upgrades, 
emissions of odour at ground level were calculated to have decreased by a factor of more 
than ten ! from 561,800 OU/s to about 37,000 OU/s.  There was a corresponding 
decrease in the ground level concentrations of odour.   
 
The Stage 3 odour control works were designed to: 

!  Increase odour extraction rates in the preliminary area and primary areas;  
!  Divert the secondary air to a new activated carbon scrubbers;  
!  Add a new 50 m high stack to discharge air from the activated carbon scrubbers; 
!  Enclose the site where biosolids are loaded into trucks;  
!  Introduce bioscrubbers ahead of the Stage 2 chemical scrubbers to remove the 

majority of the odour load without chemicals; and  
!  Upgrade odour capture in the solids handling area. 

 
Table 11-2 provides a summary of the odour emissions inventory before, during and after 
the Stage 3 upgrade. 
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Table 11-2 Odour Inventory Based on Measurements an d Monitoring 2006 
 

Odour emission, OU/s Odour Source 

Before 
St 3 

During 
St 3 

After 
St 3 

Inlet sewer 2,000 2,500 1,500 
Inlet channel 1,250 1,250 1,000 
Screening area 2,400 2,400 2,200 
Grit area 400 400 400 
Grit Screenings Bins 600 600 600 
Primary treatment  7,400 7,400 6,300 
Primary channels 960 960 960 
Secondary treatment tanks ! southwest 4,000 4,000 4,000 
Secondary treatment tanks ! northwest 3,900 3,900 4,500 
Scum handling 400 400 400 
Secondary clarifiers 3,900 3,900 3,900 
DAF 170 390 390 
Scrubber fugitives  780 1000 1,000 
Digester fugitives 2,700 4,700 3,000 
Biosolids hopper  200 200 200 
Solids building 2,000 3,000 2,300 
Biosolids loading 4,000 2,000 200 

Total for ground level sources 37,060 39,000 32,850 

Sludge heaters 1,900 3,900 1,900 
Gas flare 5,100 8,100 6,150 
Discharge stacks 27,200 37,300 37,300 

Total 71,260 88,300 78,200 

 
It can be seen in Table 11-2 that odour emissions from ground level sources before  the 
Stage 3 upgrade were estimated to be 37,000 OU/s.  When all works are completed, the 
odour emissions from ground level sources after  the Stage 3 upgrade are estimated to be 
32,850 OU/s, a net reduction of about 11 per cent.  This is counterbalanced to some 
extent by an increase in stack sources, but the overall result should be a small decline in 
net odour effects on the community. 

11.3 Odour Inventory for Beenyup WWTP " After Upgra des 
 

Figure 11-2 shows the predicted 5 OU, 10 OU and 20 OU contours for the estimated 
emissions before  the Stage 3 upgrade.  It can be seen that the 5 OU contour (at 99.9 
percentile frequency) is predicted to extend about 400 m north and east of the plant 
boundary, and about 700 m south and west.  Unfortunately, some residences in Craigie (to 
the west of the plant) and Woodvale (to the east) are within the zone in which odour is 
predicted to be noticeable from time to time. 
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Figure 11-2 Predicted Odour Contours for Beenyup WW TP 
Before Stage 3 Odour Upgrade 
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Figure 11-3 shows the predicted 5 OU. 10 OU and 20 OU contour after  the Stage 3 
upgrade, with completion of all necessary tasks.  (Appendix 2 shows the predicted odour 
contours from the intermediate stage during the Stage 3 upgrade). 
 
It can be seen that, after the upgrade, the 5 OU contour is predicted to be slightly closer to 
the plant boundary than before, although it is expected that some residences in Craigie (to 
the west of the plant) and Woodvale (to the east) will remain within the zone in which 
odour is predicted to be noticeable from time to time. 
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Figure 11-3 Predicted Odour Contours for Beenyup WW TP 
After Stage 3 Odour Upgrade 
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11.4 Sensitivity Analysis 
 
The predicted 5 OU contour corresponds to a 99.9 percentile wind and dispersion event  - 
which occurs 8 hours per year.  Theoretically, odour levels can exceed 5 OU for 8 hours 
per year.  On the other hand odour levels should be below 5 OU for all the other hours in a 
year. 
 
Tall Stacks Only 
 
Figure 11-4 shows the predicted odour contours for the odour emissions from the two 
50 m tall stacks discharging scrubbed air.  Even though these are the largest source in the 
inventory, their contribution to odour experienced at ground level is very small (maximum 
level of only 0.5 OU), because they discharge high above the ground and have been 
designed to contribute minimal odour at ground level. 
 

Figure 11-4 Predicted Odour Contours for Beenyup WW TP 
from the Two 50 m High Stacks 
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Odours During The Day 
 
The predicted odour levels during the day are lower than during the evening or night, as 
wind speeds are higher during the day, and there is additional dispersion caused by the 
sun heating the ground creating thermal convection currents. 
 
Figure 11-5 shows the predicted odour contours for day hours only (6 am to 6 pm).  It can 
be seen in Figure 11-5 that in the daytime the 5 OU extends less than 300 m west of the 
plant boundary and does not cross the Freeway to the east. 
 

Figure 11-5 Predicted Odour Contours for Beenyup WW TP 
Day Hours Only  
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Sensitivity to Meteorological File 
 
The plots above have been developed using the 2008 wind file.  To illustrate the sensitivity 
to the wind file, Figure 11-6 shows the odour contours predicted using the 2007 wind file.   
It can be seen that the contours are generally the same distance from the plant as for the 
2008 wind file, with only minor changes in the fine detail of the contours. 
 

Figure 11-6 Predicted Odour Contours for Beenyup WW TP 
2007 Wind File  
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11.5 Verification of Model Predictions 
 
The predictions of the odour model are checked against: (1) the distribution of odour 
complaints ! see next section: (2) community opinio n as obtained in phone surveys ! see 
next section; and (3) the observations of odour monitors. 
 
Odour Monitors  
 
TOU undertook three field ambient odour intensity assessments (19 April 2011, 29 April 
2011 and 14 May 2011) to determine the extent of noticeable odour from the Beenyup 
WWTP.  The method used followed the !German Standard VDI 3940 #Determination of 
Odorants in Ambient Air by Field Inspections". This method is currently accepted by the 
DEC as a procedure to check the extent of odour impact. The method involves pairs of 
experienced odour assessors traversing the area downwind of the facility and assessing 
the presence, character and intensity rank of odours.  
 
The observations for each survey location are presented as a frequency of odour intensity 
over the 10-minute observation period and have been depicted in Figure 11-7 as pie-
charts. The colour legend represents the German Standard (VDI 3940) odour intensity 
scale rankings of 0 ! 6.  The interpretation of the various odour ranks was: 
 0 = no odour detected 
 1 = very weak 
 2 = weak 
 3 = distinct 
 4 = strong 
 5 = very strong 
 6 = extremely strong. 
 
An odour rank of 3 (distinct) or more for more than 10 per cent of observations is 
considered to be the boundary of $noticeable& odour by the general community. 
 
Odour Monitors - 4 May 2011 
 
The results for this survey are shown in Figure 11-7 (plots for the other surveys are shown 
in the TOU report).  On this occasion, there was a weak wind of 1 to 4 m/s speed blowing 
from the north-east so odour from the plant could be detected in Craigie to the south-west 
of the plant. 
 
The odour monitors recorded observations at 20 sites as shown in Figure 11-7.  Even 
close to the plant, odour detection is episodic, and not every observation recorded a 
noticeable odour.   However a *weak& odour was detected at 12 sites extending to about 
400 m west of the plant boundary and a *distinct& odour was detected at 9 sites extending 
to about 350 m west of the plant boundary. 
 
Extent of Detectible Odour 
 
Figure 11-8 shows the extent of detectible odour for two surveys as determined by the 
odour monitors when the wind was carrying odour from the plant into Craigie.  On the third 
survey, the wind speeds were high and odour but, even so, odour detected to 200 m west 
of the plant. 
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Figure 11-8 Odour Monitor Observations and Extent o f Distinct Odour 

 
 
 
Extent of Detectible Odour 
 
The two coloured sectors shown in Figure 11-8 delineate the zone in which a distinct 
odour was detected in the odour monitor surveys with low wind speeds.   
 
These two sectors have been plotted on a figure containing the predicted 5 OU contour as 
illustrated in Figure 11-9.   It can be seen that there is good agreement between the 5 OU 
contour and the observations of the odour monitors, noting that the odour monitors cannot 
be expected to be present in $worst case& conditions. 
 
This good agreement indicates that the predictions of the current odour model for Beenyup 
WWTP provide a reasonable representation of the area within which a noticeable level of 
odour occurs.   Further verification of the odour model is provided in the next chapter. 
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Figure 11-9 Odour Monitor Observations and Extent o f Distinct Odour 
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12. Odour Model Predictions and Community Response 
 
An odour model is useful only to the extent that the predictions match community opinions 
and responses to odour.  This chapter summarises odour complaints about odour from the 
Beenyup WWTP and responses to phone surveys in the region asking about odour. 

12.1 Odour Complaints 
Between July 2010 and June 2011 a total of 65 odour complaints and enquires were 
received by the Beenyup WWTP.  The location of the complaints has been plotted along 
with the predicted odour contours in Figure 12-1. 
 
It can be seen that the majority of complaints are from houses in close proximity to the 
treatment plant with the majority falling within the predicted 5 OU contour.  
 

Figure 12-1 Odour Complaints with the After Odour U pgrade Contour 
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The predicted 5 OU contour encompasses the majority of the complaints about odour.  
There are many complaints received from residents of Woodvale in April 2011 (see Figure 
12-2) and these may reflect a particular incident of greater the usual discharge of digester 
gas, which if modelled as an odour event would result in the 5 OU contour extending 
further east across Woodvale than shown in Figure 12-1 for 75 percentile emission rates. 

 
Figure 12-2  Odour Complaints over 2010-2011 
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12.2 Community Surveys 
 

Patterson Market Research conducted telephone surveys before, during and after the 
Stage 3 odour upgrade.  The surveys involved random dial telephone interviews to gauge 
community attitudes towards Beenyup WWTP. A random selection of listed phone 
numbers was called in each of the three target zones until the target of 300 of interviews 
was completed.   The response rate of the survey was 16 %. 
 
The last survey (after Stage 3) was completed in April 2011.  In that month, 301 phone 
interviews completed, with the respondents grouped in bands at increasing distances from 
the plant: 

100 interviews in the inner circle within 600 m of the plant;  
100 interviews in the middle band within 600 m to 1,500 m of the plant; and 
100 interviews in the outer circle within 1,5 00 m to 2,500 m from the plant. 

 
The following conclusions were drawn from the surveys: 
!  A consistent 2 % of persons make unprompted mention of odour as disadvantage of 

the area (but 15 % of persons in the inner circle, where odour is more noticeable); 
!  23 % overall mention odour when prompted (see Figure 12-3); 
!  Approximately 1 in 10 experience odour more than once a week; 
!  Approximately half who experience odour find it annoying (about 1 in 10 overall) ! on 

the other hand, approximately half say odour has no real impact on them at all; 
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!  Only 8 % of those noting odours made a complaint !  this represents approximately 2 % 
of total respondents; 

!  Odour attributed to the plant is described as smelling of rotten egg, sewerage, rotten 
seaweed or a musty or stale smell; 

!  The results shows detection of odour has decreased in the middle and outer bands, but 
there has been little change for residents within the inner circle (within 600 m) - see 
Figure 12-4; and 

!  The severity and frequency of odour annoyance has diminished over the period of the 
plant upgrade in all three zones. 

 
Figure 12-3   Response of All Residents to Mention of Odour in 2011 

 
 

Figure 12-4   Response of Residents in Inner Circle  to Mention of Odour in 2011 
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As shown in Figure 12-5, there has been a disappointing community response to the 
Stage 3 upgrade, with residents on average saying that there has been little improvement 
in conditions.  On the other hand, this response is consistent with the model predictions 
showing that odour conditions immediately after the Stage 3 upgrade were slightly worse 
than before, with the ultimate improvement to be achieved after further works are carried 
out. 
 

Figure 12-5   Response of Residents ! Frequency of Detecting Odour in 2011 
 

 
Table 12-1 lists the extent of annoyance residents report to odour conditions in the various 
surveys.  It can be seen that the Stage 3 upgrade has led to a lessening in the 
concentration of odour, with a small improvement in the numbers fin ding the odour $Not 
annoying& and a small decrease in the numbers finding the odour $annoying&. 
 

Table 12-1   Response of Residents ! Frequency of D etecting Odour in 2011 
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13.   Findings 
 
There has been a substantial improvement in odour control at the Beenyup WWTP as a 
result of the three stages of odour controls installed.   Covers and air extraction systems 
have been installed on all treatment units and tanks (except for the secondary clarifiers) 
and the great majority of the odour is captured and scrubbed in normal operations. 
 
Compliance with Works Approval No 4090 
 
The specific requirements of the Works Approval for the Stage 3 upgrade concerning 
control of air pollution are as follows: 
$A2.  The works approval holder shall construct buildings/covers over the primary 
sedimentation tanks and secondary aeration tanks and shall extract odorous air to an 
odour scrubbing system. 
A3.  The works approval holder shall construct the activated sludge pumping station so 
that it is fully enclosed. 
A4.  The works approval holder shall construct the dissolved air flotation thickening units 
so that they are fully covered/enclosed and that odorous air is ducted to an odour 
scrubbing system. 
A5.  The works approval holder shall enclose the biosolids conveyor and storage bins and 
install odour control measures to extract and direct odorous air to an odour scrubbing 
system%. 
 
All these requirements have been met in full. 
 
Significant Improvements in Odour Control in Beenyu p Stage 3 
 
Many aspects of the Stage 3 upgrade have worked well, including: 
!  New activated carbon scrubber and new stack; 
!  Covers on re-commissioned primary tanks 
!  Covers on new sludge handling equipment; 
!  Building for loading biosolids into trucks; and 
!  New bioscrubbers. 
 
The new scrubbers are performing very well, as summarised in the chart below. 
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Design Issues and Their Resolution 
 
Five design issues unexpectedly emerged during the commissioning stage of the Stage 3 
upgrade. These issues, and the actions being taken or needed to resolve them, are 
summarized below. 
 
1.  Extension of the ducts to the west in the primary area, and the extension of the ducts to 
the north to the bioscrubbers, combined with a swirling issue in the new duct to the 
chemical scrubber, resulted in a lower extraction rate from the inlet and screening areas 
(rather than an increase).    

This problem has been addressed by operating the backup fan on the chemical 
scrubber in parallel with the duty fan, which has increased the air extracted from the 
preliminary-primary treatment area from 11,000 m3/hr to 18,000 m3/hr. 

  
2. The two new sludge digesters increased the volume of digestion capacity, resulting 
in increased digester gas production.  The volume of gas produced exceeded the capacity 
of the sludge heaters and waste gas flare.  As a result, there has been fugitive release of 
digester gas from the pressure relief valves on the digesters and the new gas holder, 
resulting in higher odour levels in Woodvale. 

This problem is being addressed by installing a new waste gas burner. 
 
3. New sludge heaters have been installed, but testing in the Stage 3 commissioning 
showed that their combustion efficiency was low, resulting in a high discharge rate of 
hydrogen sulphide in their exhaust gas. 

This problem needs to be addressed by upgrading the sludge heaters. 
 
4.  A new building was provided to enclose the trucks loading biosolids.  At the same time, 
a new escape ladder was installed from the centrifuge room to inside the truck loading 
building.  The location of this ladder has meant that the doors of the building are kept open 
except for the short periods when trucks are being loaded.   The open doors allow large 
quantities of air to enter the odour ducts, altering the balance of flow in the ducts and 
reducing the possibility to capture odour from spilled biosolids.    

This problem needs to be addressed by moving the emergency escape ladder 
outside the loading building, keeping the doors closed, and rebalancing the flow in 
the odour ducts. 

 
5.   The new building enclosing the trucks loading biosolids has reduced the ventilation in 
the centrifuge room, and the UV odour scrubber in the room does not effectively reduce 
odour.      

This problem needs to be addressed by installing an extra duct to capture centrate 
odour, and providing two new exhaust fans and discharge stacks in the roof of the 
centrifuge room. 

 
Conclusion 
 
Based on the measurements, odour monitoring, community response and odour 
modelling, it is considered that the objective of the Stage 3 upgrade ! no net increase in 
odour ! can and will be met when the issues listed above have been resolved. 
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Appendix 1   Tasks in Verification of Odour Upgrade  
 

Task Activity Responsibility 

1a Measure velocity and odour concentration in the duct 
from inlet sewer  

W2WA/TOU 

1b Measure velocity and odour concentration in ducts in 
screen area  

W2WA/TOU 

1c Measure duct velocity and odour concentration in duct 
from grit tanks  

W2WA/TOU 

1d Estimate the change fugitive odour emissions from inlet 
sewer and preliminary treatment area. 

CEE 

2a Measure velocity and odour concentration in ducts from 
long primary ducts  

W2WA/TOU 

2b Measure velocity and odour concentration in ducts from 
re-commissioned primary ducts 

W2WA/TOU 

2c Conduct a fugitive release test using a tracer gas in the 
new primary tanks 

Contractor 

2d Estimate change in odour capture and fugitive odour 
emissions from primary treatment area. 

CEE 

3a Document extraction of air volume and pressures in the 
aeration tanks in a typical month (February, 2011) 

Beenyup/CEE 

3b Document performance of the activated carbon 
scrubbers 

Beenyup/CEE 

3c Estimate change in odour capture and fugitive odour 
emissions from aeration tanks and secondary clarifiers. 

CEE 

4a Document extraction of digester gas over 3 months Beenyup/CEE 

4b Document fugitive leaks from the edge of digester 
covers 

TOU 

4c Document fugitive leaks from pressure relief valves Beenyup/TOU 

4d Document combustion efficiency of gas flare and the 
sludge heaters 

TOU 

4e Estimate change in odour capture and fugitive odour 
emissions from digester area. 

CEE 

5a Document extraction of air and negative pressure in the 
load-out building in February, 2011 

Beenyup/CEE 

5b Document fugitive leaks from the building by smoke 
testing (part of commissioning); 

W2WA 

5c Document fugitive leaks from the building by measuring 
H2S concentrations inside and outside doors; 

W2WA 

5d Estimate change in odour capture and fugitive odour 
emissions from the biosolids load-out area. 

CEE 

6a Document H2S and odour levels in the stack 
discharges including measurements during 
performance tests and in 2011 

Beenyup/TOU 
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6b Document discharge rates from the two stacks Beenyup 

6c Calculate change in odour flux with the increased air 
flow and additional scrubbers. 

CEE 

6d Document H2S and odour levels in the stack 
discharges including measurements during 
performance tests and in February, 2011 

W2WA/TOU 

7a Establish odour complaints each month 2010-2011 Beenyup 

7b Establish community perceptions of odour based on 
phone surveys before and after odour upgrade 

Patterson 
Research 

7c Measure extent of odour using DEC methodology (VDI 
surveys) 

Air Alliances 

7d Develop odour emission inventory based on 
measurements before and after the odour upgrade 

CEE 

7e Model odour contours before and after the odour 
upgrade (including updating wind files). 

CEE 

8a Report on odour measurements CEE 

8b Report on odour modelling CEE 

8c Review of draft report WC 

8d Finalise draft report CEE 

9 Project management WC 
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Appendix 2    Predicted Odour Contours in Stage 3 Upgrade  
 
 

Predicted Odour Contours for Beenyup WWTP 
During Stage 3 Odour Upgrade 
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