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South Taranaki District Council 10 September 2014 

Private Bag 902 

Hawera 4640 

NEW ZEALAND 

 

Attention:  Brent Manning, Group Manager Engineering Services 

 

 

Dear Brent 

 

RE:  Peer Review of Emission Impossible Memorandum dated 18 August 2014 – Eltham Air 

Quality  

 

Thank you for your request that I carry out a peer review of the memorandum prepared by Louise 

Wickham of Emission Impossible dated 18 August 2014 for Dr Jarman at the Taranaki District Health 

Board.  I will refer to that memorandum as the “August Memo”.  The August Memo discusses 

potential downwind concentrations of odorous compounds arising from fugitive emissions of odour 

from the Eader at the Eltham Wastewater Treatment Plant (WWTP). 

 

I previously carried out a review of an earlier version of the Emission Impossible Memorandum, 

dated 29 April 2014.  I understand that following that review, an updated version of the Emission 

Impossible Memorandum was released on 10 July 2014.  For the record, I note that I did not see a 

copy of that July Memorandum, nor was I requested to review it. 

 

Dispersion Model 
 

The basis of all of the analysis in the August Memo is the dispersion modelling carried out by Ms 

Wickham and her conclusion that a 1:100 dilution ratio is a reasonable worst-case dilution factor.   

 

Type of model 

 

Ms Wickham used the AERSCREEN model.  I agree that this is a reasonable model to use for 

preliminary screening purposes provided that the following limitations are recognised: 

 

� The model predicts only worst case concentrations at downwind distances using various 

hypothetical combinations of wind speed, atmospheric stability and vertical mixing.   
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� The model makes no prediction about the frequency or duration of the predicted worst case 

concentrations.   

� The model makes no prediction about concentrations for averaging periods of longer than 

one hour. 

These limitations are acknowledged in the August Memo. 

 

However, I do not agree that the AERSCREEN model is appropriate for predictions of potential 

contaminant exposure intensity, duration and frequency at the various residences that have 

reported health impacts.  The AERSCREEN model can only be used to predict hypothetical worst 

case concentrations.  This matter has been previously discussed between myself, South Taranaki 

District Council, and Taranaki District Health Board.   

 

Notwithstanding this concern, I have carried out a review of the AERSCREEN model methodology 

used in the August Memo, and provide comment below. 

 

Modelling Approach 

 

The approach used in the August Memo to calculate the dilutions is to compare the concentration 

predicted by the model at a very short distance downwind from the odour source (approximately 

1 metre downwind in most cases), and to compare this to the concentration predicted at greater 

downwind distances.  That dilution ratio is then applied to the gas concentrations under the cover 

to predict potential downwind concentrations. 

 

This method is significantly flawed for three reasons: 

 

1. Firstly, this method ignores the magnitude of the emission itself.  Due to the way the model 

calculates dispersion, a tiny gas leak from the Eader cover will have the same dilution ratio 

when calculated this way as an enormous gas leak if the geometry of the source stays the 

same.   

 

2. Secondly, the method ignores the initial dilution between the source and the first receptor.  

Monitoring carried out at the site by Air Quality Professionals (manual grab sampling) and 

Air Quality Limited (continuous monitoring) has shown that the dilution in the first few 

metres is significant. 

 

3. Thirdly, the method places great reliance on model accuracy very close to the source, such 

as at a distance of 1m from the source.  Dispersion models such as AERMOD are designed 

for prediction of concentrations at greater downwind distances, typically 100m to 50km.  

They are not validated for extreme near-field predictions.   

 

The August Memo states that the modelling was carried out in accordance with the Ministry 

for the Environment “Good Practice Guide for Atmospheric Dispersion Modelling” (2004).  

However, that Good Practice Guide recommends the following: 
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The modelling approach used the August Memo is clearly inconsistent with these 

recommendations. 

 

Some modelling software has advanced since the 2004 GPG was published, including 

AERMOD (the processor driving the AERSCREEN model).  I have recently had cause to seek 

international opinion and guidelines on very nearfield applications for AERMOD.  I was not 

able to find a conclusive recommendation for a minimum downwind calculation distance, 

although figures in the order of 25 m to 100 m downwind are cited.   

 

These flaws are sufficiently significant that the results of the modelling, and particularly the 

assumed minimum dilution ratios, cannot be relied on at all. 

 

Alternative approach 

 

If the AERSCREEN model must be used to model emissions from the Eader cover, then a much 

better approach would be to define a range of possible emission rates by making some realistic but 

conservative assumptions about Eader gas composition and gas leakage rates.  Although the 

leakage rate is not known, some practical and sensible estimates can be derived by calculation from 

assumed leak area and emission velocity.   

 

For example, for a leak area which is say 25 cm long by 1 cm wide (total area of 0.0025 m2), with a 

gas evolution velocity of say 2 m/s, the gas leakage rate would be 0.005 m3/s.  Other leak 

configurations could also be tested.  Emission rates of various contaminants are then calculated by 

multiplying the gas flow rate by the concentration of the contaminant in the gas.   

 

Potential worst case downwind concentrations can then be directly interpreted from the model 

results.  The model only needs to be run once for each source geometry layout, and the results 

factored in proportion with the emission rates of each contaminant.  One could also back-calculate 

what the gas leakage rate would have needed to be for downwind concentrations to approach 

levels of health impact concern, as a “sanity” check. 
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Odour source characterisation 

 

In my previous review of the April Memo, I suggested that alternative source layouts and 

configurations should be modelled, testing a number of leakage scenarios ranging from a single 

moderately-sized area source to a number of small leakage points across the Eader.  A range of 

such scenarios were subsequently included in the August Memo. 

 

Unfortunately, because of the other limitations in the modelling approach that has been used, as 

described above, the differences between the various source geometry layouts in terms of impact 

on dispersion are not clear.  I have therefore not carried out a review of the sensitivity of the model 

outputs to source geometry. 

 

 

Other Comments 
 

I have not carried out a full review of the conclusions drawn in the August Memo about the 

likelihood that ambient concentrations of contaminants in the Eader gas may have approached 

levels of concern for short-term, direct health effects on residents.  I have not been able to carry 

out this review because of the limitations in the dispersion modelling as discussed above. 

 

However, I noted a few statements in the August Memo that I would like to provide comment on: 

 

1. The concern expressed in the August Memo about the absence of testing for carbon 

disulphide in the Eader gas is not warranted.   

a. Carbon disulphide is not a product of natural organic decomposition1.  It is used in 

industrial processes such as production of viscose rayon fibres and as a solvent for 

rubber, oils, resins and waxes2.  Due to its use in industrial applications it may be 

measured in some municipal wastewater catchments if it is discharged in the trade 

waste from an industrial facility; this may explain why it is listed as a compound in 

the AWMA (2000) reference quoted in the August Memo.   

b. Carbon disulphide is not classified as having an unpleasant odour, with its odour 

described as “sweetish aromatic”3 or “ether-like”.  The statement in Appendix B of 

the August Memo that carbon disulphide is a typical wastewater treatment plant 

compound of concern from an odour perspective is incorrect. 

  

                                                           
1 Water Environment Federation (2004).  Control of Odors and Emissions from Wastewater Treatment Plants.  Manual 

of Practice 25. 
2 OEHHA Chronic RELs and toxicity summaries last updated August 2013.  Carbon disulphide page 66.  

http://www.oehha.ca.gov/air/hot_spots/2008/AppendixD3_final.pdf#page=66  
3 OEHHA Acute toxicity summaries last updated August 2013.  Carbon disulphide page 31.  

http://www.oehha.ca.gov/air/hot_spots/2008/AppendixD2_final.pdf#page=32  

http://www.oehha.ca.gov/air/hot_spots/2008/AppendixD3_final.pdf
http://www.oehha.ca.gov/air/hot_spots/2008/AppendixD2_final.pdf
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c. The California OEHHA Acute Reference Exposure Level (REL) for carbon disulphide is 

6200 µg/m3 (2000 ppb) 3.  This is much higher than the air quality criteria used in the 

August Memo for other sulphides present in the Eader gas, such as dimethyl 

disulphide (10 ppb), dimethyl sulphide (200 ppb), and ethyl mercaptan (10 ppb) and 

methyl mercaptan (10 ppb).  Therefore even if carbon disulphide was present in the 

Eader gas in small amounts, it would be insignificant as a critical pollutant for 

potential health impacts in the receiving environment in this case. 

 

2. The use of the upper bound limits for individual contaminants (immediately dangerous to 

life and health concentrations) as a confirmation that the selected dilution ratio is not overly 

conservative is virtually irrelevant.  There are quite a few orders of magnitude between the 

upper bound limits and the lower bound limits (odour thresholds).  The appropriate dilution 

threshold could lie anywhere within these two limits.  Using this comparison as support for 

the assumed dilution ratio therefore adds no value to the assessment.   

 

3. In the last bullet paragraph on page 14 of the August Memo, under the heading “12 

December 2013”, it is stated that the minimum dilution ratio is supported because multiple 

odour complaints were registered at the time.  However, comparing the predicted 

concentrations with that dilution ratio against the stated odour thresholds in Table 2 (page 

11), concentrations of hydrogen sulphide and methyl mercaptan could have been 3-4 orders 

of magnitude higher and still have exceeded the odour threshold.  Therefore the assumed 

minimum dilution ratio is not supported at all by this comparison. 

 

4. The same comment at (3) above also applies to the last bullet point on page 15 of the 

August Memo, which refers to source testing on 31 March 2014.  Based on the stated odour 

thresholds and predicted concentrations in Table 4 (page 13), concentrations of dimethyl 

sulphide, ethyl mercaptan and methyl mercaptan could have been 2-3 orders of magnitude 

higher and still have exceeded the odour threshold.  So again, the assumed minimum 

dilution ratio is not supported by this comparison. 

 

5. On page 15 of the August Memo under the heading “Ambient Monitoring”, reasons are 

speculated for the “failure of the hand held monitor to detect hydrogen sulphide onsite”.  

The assumption is that the assumed dilution ratios are correct, and the method of sampling 

was incorrect (for example “staff were not actively seeking fugitive emissions or attempting 

to trace plumes downwind of identified leaks”, as well as the implication that staff walked 

too fast through the narrow little plumes of odour for the instrument to register the 

presence of the gas).  Further consideration should be given to why there was such a 

disagreement between the model predictions and the monitoring.  Discussion is also 

provided to the effect that the lack of detection of hydrogen sulphide by the hand held 

meter supports a conclusion that the leaks from the Eader were small in size, or very small 

plumes.  These are all important potential implications that need to be recognised in the 

dispersion model method and interpretation of what the model is predicting further 

downwind.  I do not agree that the discussion on that page supports a conservative dilution 

ratio of 100 (as stated in the last sentence of the penultimate paragraph on page 15). 
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6. The August Memo provides the conclusion that “Offensive and objectionable odours from 

the EADER have caused adverse health effects (such as headaches and nausea) in residents 

downwind” (emphasis as in the August Memo).  I do not consider that the August Memo 

provides evidence to support the definitive nature of this conclusion.  The fact that air 

emissions from the Eader have caused odour in some locations is not in dispute.  I agree 

that it is likely that the odour has at times caused annoyance, nuisance, and feelings of 

nausea, as these are common symptoms in communities exposed to unpleasant odours.  

However the analysis provided in the August Memo can only go so far as to conclude that 

the modelling supports reports of odour being present in the nearby community.   

 

 

Conclusion 
 

In this review, I have addressed a number of statements and issued raised in the August Memo.  

However the most concerning matter by far is the flawed methodology of the modelling carried 

out.  These flaws are sufficiently significant that the results of the modelling, and particularly the 

assumed minimum dilution ratios, cannot be relied on at all.   

 

 

Yours faithfully, 

Air Quality Professionals Pty Ltd 

 

 
 

Tracy Freeman 

Principal Air Quality Consultant 

 


