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Biofilter Efficiency and Emissions Report 
 

1. INTRODUCTION 

1.1. The Harvest Power Facility in Richmond 

Harvest1 owns and operates a 24-acre Composting and Energy Garden (Anaerobic Digester and 
Combined Heat and Power) Facility (the “Facility”) on leased land owned by Port Metro Vancouver.  The 
Facility is located in an urban area with 1.7 million people living within a 15 km radius in the surrounding 
six municipalities (Richmond, Vancouver, Surrey, Burnaby, Delta, and New Westminster).  The Facility 
currently accepts yard waste, leaf waste, grass clippings, garden residue, tree trimmings, chipped 
shrubbery, agricultural waste, commercial food waste, residential food waste, wood waste, and other 
similar organic materials. 

The operation is governed by a number of regulations, licences, and permits; including an Air Permit 
issued by Metro Vancouver (GVU 1078). The Air Permit describes a number of monitoring requirements 
and these have historically been performed by third party samplers and independent labs. In 2014 
Harvest was granted an approval to perform the sampling internally, provided that independent parties 
did the analysis on those samples. This report details the results obtained from one of these sampling 
events – the third quarter in 2015. 

1.2. Scope of Work 

This round of sampling, as described in the Air Permit covered the four biofilters on-site (source 
numbers 03, 05, 06, & 08) for both odour and VOCs, along with the static piles (source number 04, 07, 
09, & 10). For details see table 1. 

Table 1: Scope of Work 

SOURCE # SOURCE DESCRIPTION PARAMETER 

03 EG biofilter inlet VOCs 

03 EG biofilter outlet VOCs & odour 

04 Receiving area Odour 

05 SW biofilter inlet VOCs 

05 SW biofilter outlet VOCs & odour 

06 NE biofilter inlet VOCs 

                                                           
1
  The Facility is owned by Harvest Fraser Richmond Organics, Ltd., which does business in British Columbia 

as “Harvest.”   
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06 NE biofilter outlet VOCs & odour 

07 Ageing piles Odour 

08* Screener biofilter inlet VOCs 

08* Screener biofilter outlet VOCs & odour 

09 Mids, fines & overs Odour 

10 Finished product storage area Odour 

*The screener was non-functional at the time of sampling due to mechanical failure and could not be 
sampled. 

 

2. Methodology 

2.1. Overview 

Biofilters 
Samples were collected from both the inlet and outlet of the biofilters simultaneously. The inlet samples 
were collected from a sample port on the pipe between the blowers and the biofilter. Outlet samples 
were collected using a sample hood at selected locations on the surface of the biofilter. 
 
Samples were dynamically diluted with Scentroid as detailed in the Sampling Plan (appendix A) at the 
time of sample collection. Tedlar bags were used as sample containers. The samples were then 
analyzed; samples from the inlet were analyzed for VOCs, samples from the outlet were analyzed for 
both VOCs and for odour. The VOC analysis was performed by an independent party using a handheld 
photoionization detector, the data is reported below. 
 
The sample identifiers for samples from the biofilters consist of three parts separated by dashes. The 
first identifies the location; EG for the Energy Garden (source 03), SW for the southwest (source 05), NE 
for the northeast (source 06) and also the inlet or outlet; “I” for inlet or “O” for outlet. The second 
section identifies that the source is a biofilter (“BF”). The third section is a sequential number starting 
with 01 and counting up with successive samples. 
 
For more details on the sampling methodology please refer to appendix A. 
 
Receiving area 
Source 04, Waste Receiving and Handling Area, was sampled for odour. This source was sampled via 
ambient grab sample. The samples were collected from between piles of organic waste in this area. The 
samples were diluted at the time of sample collection into tedlar bags. See appendix A for more details. 
 
The sample identifiers for the static piles include the name of the pile or initials for the name (eg. RE for 
receiving area) along with a unique number. 



 
 
 

 

PROPRIETARY & CONFIDENTIAL 5     Date: October 30, 2015 
 
 

 
Static Piles 
There are a number of static piles that are sampled – source number 07, 09, and 10. These were 
sampled with a closed sampling hood as in previous sampling rounds. The sampling hood was placed on 
the static pile and sample gas was drawn from the hood with the SM100. The samples were diluted at 
the time of collection and collected in Tedlar bags. Samples were then sent to the lab for odour analysis. 
See appendix A for more details. 
 
The sample identifiers for the static piles include the name of the pile or initials for the name (eg. Mids) 
along with a unique number. 
 
2.2. Flow 

The velocity was measured at the inlet, between the blowers and biofilter, as per the standard method 
ON-2, Determination of Stack Gas Velocity and Volumetric Flow Rate. A calibrated S-type pitot tube was 
connected to an inclined manometer to measure the pressure differential in the stack. The sample 
locations for measuring velocity were taken at a total of twelve locations; six points on each of two 
planes located at right angles to each other, per ON-1, Location of Sampling Site and Sampling Points 
(see Figure 1). Three sample runs were performed at each inlet for a total of thirty six (36) data points 
per biofilter inlet. 
 

 
Fig.1 Sampling locations for velocities in circular ducts greater than 610mm, taken from ON-1 
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Image 1 The pitot tube probe marked with tape to indicate the location of the sample points 

 

In order to report the volumetric flow in standard conditions, the temperature and moisture content 
were also measured. These were measured with a psychrometer (wet bulb-dry bulb thermometer) as 
per EPA method 4, Determination of Moisture Content in Stack Gases. 
 
 
The equation used to calculate volumetric flow, in m3/hr, is: 
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2.3. Odour 

The sample bags that were to be analyzed for odour were sent to Environmental Odour Consultants for 
analysis by odour panel (EN13725). They would normally be analyzed by Scentroid SM100 as well, 
however that was not possible this round due to time constraints. The samples were driven to the 
Vancouver airport and sent via Air Canada Cargo to Toronto. Environmental Odour Consultants picked 
up the samples at the airport in order to minimize the transit time. 
 
The samples were analyzed by the odour panel for odour units, intensity and hedonic tone.  
 
The intensity is also a measure of odour strength but is an analysis of the direct sample with no dilution 
and has a simple grading system from zero to four (0-4). 

 0: no odour 

 1: slight odour 

 2: moderate odour 

 3: strong odour 

 4: extreme odour 
 
The hedonic tone is a measure of how pleasant or unpleasant a smell is. This is an analysis of the direct 
sample with no dilution and is graded on a system from negative three to positive three (-3 – +3). 

 -3: very unpleasant 

 -2: unpleasant 

 -1: slightly unpleasant 
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 0: neutral 

 1:slightly pleasant 

 2: pleasant 

 3: very pleasant 
 
For more details on the odour analysis, see appendix B. 
 
2.4. VOCs 

The sample bags were analyzed with a handheld photoionization detector (PID) to establish the volatile 
organic compounds (VOC) content. The analysis was performed with Cal Loomis (Levelton Consultants). 
 
The PID is connected to the sample bags. A small aliquot of the gas sample is drawn into the analyzer by 
its internal pump. The analysis occurs inside the PID and the result is shown on the digital read-out. 
 
2.5. Changes from sampling plan 

During the sampling there were a number of minor changes to the sampling plan. These are described 
below. 
 
At Metro Vancouver’s request, three samples were collected at each inlet and outlet as opposed to the 
two samples collected in previous rounds and described in the sampling plan. This meant that there 
were not enough bags for more than two at some of the static pile sources (09 & 10). Source 09 includes 
Fines, Mids and Overs, however only the mids and overs were sampled for this source. The “fines” 
named in source 09 form the finished products (source 10) and so were sampled as part of that source.  
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Image 2 Sampling hood set up on the biofilter outlet for measuring velocity at 12 locations 

 
 

3. Results and Discussion 

3.1. Overview 

This round of sampling occurred after the unusually long dry summer in the region. The CASPs contained 
quite a lot of material with the west CASP being completely full and the east CASP having twenty (20) 
pipes full out of twenty four (24) capacity. 
 
The flow rate at each one of the biofilters is well below the maximum allowable. The EG (03), SW (05) 
and NE (06) biofilters have flow rates of 221, 251 and 155nm3/min respectively. See appendix E for 
calculations. 
 
The odour at the biofilter outlets is mostly in the range of odours measured in previous sampling 
rounds. The SW biofilter (05) has higher levels of odour this sample round than the previous round – 
over 7,000 OU this time compared with less than 1,000 OU in June. The EG biofilter (03) has higher 
odour level this round compared with last round – over 3,000 OU this round compared with less than 
1,000 OU last time. See appendix B for more details on odour. 
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The biofilters continue to perform well with respect to VOC removal efficiency. With removal 
efficiencies of 66, and 86 for the EG (03) and SW (05) respectively, they are both above the minimum 
level. The NE biofilter (06) however had an anomalous result of - 607% removal efficiency. This is well 
under the minimum of 60% removal efficiency. 
 
Table 2: Summary of results, highlighted cells show results that are outside of the permit limits 

LOCATION VOLUMETRIC 
FLOW (nm3/min) 

VOC CONCENTRATION 
AT OUTLET (mg/m3) 

VOC REMOVAL 
EFFICIENCY (%) 

ODOUR AT 
OUTLET (OUs) 

03 - EG Biofilter 220.7 12.6 66.2 3,033 

04 – Receiving 
area 

   484 

05 – SW Biofilter 251.2 56.8 85.5 7,163 

06 – NE Biofilter 155.4 133.7 -607 4,538 

07 – Ageing piles    979 

09 – Fines, mids, 
overs 

   1,766 

10 – Finished 
products 

   303 

 
 
3.2. Operational Information 

The sampling is representative of the ninety days leading up the sampling. However it captures a 
snapshot in time on a site which is constantly changing. Organic waste is tipped for processing, material 
is loaded into and unloaded from the CASP, windrows are built and dismantled in curing, and screened 
finished compost is loaded onto trucks and hauled away.  
 
At the time of sampling the northeast biofilter (source 06), twenty (20) cells, or pipes, out of a total of 
twenty four (24) on that CASP (east CASP) were full of organic material. The northeast blower was 
operating at 1308 rpms. 
 
The CASP on the west side (source 05) was completely full of material. The SW blower was operating 
1182 rpms. 
 
The screener was not functional around the time of sampling and was under repair. For this reason the 
screener biofilter (source 08) could not be sampled. It will be sampled as soon as reasonably possible 
once the screener is repaired and functioning normally 
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3.3. Flow 

The flow at each of the biofilters is well below the allowable limit. This is representative of the operating 
period leading up to the sampling. See table 3 for details. 
 
Table 3: Volumetric flow of gas stream at the biofilters 

LOCATION VOLUMETRIC FLOW 
(nm3/min) 

LIMIT (nm3/min) IN COMPLIANCE? 

03 - EG Biofilter 638 1150 Yes 

05 – SW Biofilter 170 1200 Yes 

06 – NE Biofilter 129 1200 Yes 

 
The flow at each biofilter could be increased and would likely have the effect of reducing the 
concentration of VOCs and odour. However, this would also have a further drying effect on the material 
which is already on the dry end of the range considered best management practice (BMP) for moisture. 
This year has been particularly dry so the feedstock is dry and the material constantly loses moisture 
due to evaporation and metabolism throughout the composting process. 
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3.4. Odour 

The results from the odour panel are collated in table 4. There are no limits on odour at the source in 
this permit. For more details on the odour see appendix B. 
 
Table 4: Summary of odour emissions 

LOCATION RAW ODOUR 
(OU) 

DILUTION CORRECTED 
(OU) 

INTENSITY HEDONIC TONE 

EGO-BF-01 96 3360 3 -3 

EGO-BF-02 78 2730 3 -3 

EGO-BF-03 86 3010 3 -3 

EG Average 86.7 3,033.3 3 -3 

RE-04-01 94 376 3 -3 

RE-04-01 148 592 3 -3 

RE Average 121.0 484.0 3 -3 

SWO-BF-01 284 9940 3 -3 

SWO-BF-02 113 3955 3 -3 

SWO-BF-03 217 7595 3 -3 

SW Average 204.7 7,163.3 3 -3 

NEO-BF-01 168 5880 3 -3 

NEO-BF-02 129 4515 3 -3 

NEO-BF-03 92 3220 3 -3 

NE Average 129.7 4,538.3 3 -3 

Curing-4 55 605 3 -3 

Curing-8 127 1397 3 -3 

Curing-9 85 935 3 -3 

Curing Average 89 979.0 3 -3 

Mids 228 2508 3 -3 

Overs 93 1023 3 -3 

Mids/overs 
Average 

160.5 1,765.5 3 -3 

10-FIN-01 17 187 3 -3 

10-FIN-02 38 418 3 -3 

FIN Average 27.5 302.5 3 -3 

 
The odour measurements from the biofilters are relatively high this round. While the NE biofilter (source 
06) hasn’t changed since the last sampling round, the other two biofilters are higher in odour this round 
then the last round. The SW biofilter (source 05) was 788 OU last round and 7,163 OU this round. The EG 
biofilter was 978 OU last round and 3,033 OU this round. 
 
3.5. VOCs 

VOCs reported here are the results from independent analysis of the sample bags (Levelton, report to 
follow). Table 5 summarizes the VOC emissions compared with the permitted limits for the outlet. There 
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is no VOC limit listed in the permit for the biofilter inlets. The removal efficiencies are calculated for 
each biofilter and compared to the minimum allowed removal efficiency (60%). 
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Table 5: Summary of VOC emissions, numbers shown here are the mean of the results of two samples 

LOCATION RAW VOCs 
(ppm) 

DILUTION 
CORRECTED 

(ppm) 

CONVERTED 
(mg/m3 CH4) 

CONCENTRATION 
LIMIT  

(mg/m3 CH4) 

IN 
COMPLIANCE? 

EGI-BF-01 0.85 46.8 30.47 -  

EGI-BF-02 0.82 45.1 29.39 -  

EGI-BF-03 1.45 79.8 51.97 -  

EG Inlet 
average 

1.04 57.2 37.3   

EGO-BF-01 0.60 21.0 13.69   

EGO-BF-02 0.51 17.9 11.63   

EGO-BF-03 0.55 19.3 12.55   

EG Outlet 
average 

0.55 19.4 12.6 0.53 No 

Removal 
Efficiency 

- - 66.2% 60% Yes 

SWI-BF-01 11.0 605.0 394.28   

SWI-BF-02 11.1 610.5 397.86   

SWI-BF-03 10.7 588.5 383.53   

SW Inlet 
average 

10.9 601.3 391.89   

SWO-BF-01 3.1 108.5 70.71   

SWO-BF-02 1.07 37.5 24.41   

SWO-BF-03 3.3 115.5 75.27   

SW Outlet 
average 

2.49 87.17 56.80 7.6 No 

Removal 
Efficiency 

- - 85.5 60% Yes 

NEI-BF-01 0.59 32.5 21.15   

NEI-BF-02 0.57 31.4 20.43   

NEI-BF-03 0.42 23.1 15.05   

NE Inlet 
average 

0.53 29.0 18.88   

NEO-BF-01 5.42 190.8 124.31   

NEO-BF-02 5.72 200.2 130.47   

NEO-BF-03 6.41 224.4 146.21   

NE Outlet 
average 

5.85 205.13 133.67 7.6 No 

Removal 
Efficiency 

- - -607 60% No 
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The concentrations of VOCs at the inlets of both of the CASP biofilters are relatively low during this 
sampling round, certainly lower than at the last sampling round. However, the VOC concentrations at 
the outlet are higher than the permitted limit of 7.6mg/m3. The Energy Garden biofilter (source 03) 
maintains good performance (removal efficiency of 66%) however, high levels at the inlet (exceeded by 
only the most recent previous sampling round, 59mg/m3), resulted in VOC concentration at the outlet of 
12.6mg/m3; more than the permitted limit of 0.53mg/m3. 
 

4. Discussion and Correction Plan 

Some of the parameters reported here are outside of the permit limits. Below is some discussion of 
possible causes and contributing factors along with a correction plan. 
 
The drop in VOC concentration at the CASP biofilter inlets is a good indication that the process is being 
optimized. Lower emissions are produced when there is sufficient oxygen in the pile. Improvements 
made to the feedstock recipe are likely the explanation for this. 
 
There is a significant decrease in the performance of the NE biofilter (source 06) according to this data; 
the removal efficiency is -607%. At some times in the past there have been recorded levels of VOCs at 
the outlet being higher than at the inlet. However, never has there been such a significant jump. If the 
data samples were somehow mislabeled or misread the time of sampling, this would explain it.  
 
The EG biofilter (source 03) was only slightly above the minimum removal efficiency. It was noted on the 
day of sampling that the misters at the inlet were non-functional. The issue could not be fixed at the 
time and dry media may have been a factor in the VOC concentration exceedance seen at the outlet. 
This issue has since been remedied. 
 
There are a number of factors contributing to the high odour at the biofilter outlets. The CASPs were 
both mostly full. The west CASP was completely full and the east CASP was over 80% full – twenty pipes 
were full out of twenty four in total. The media in these biofilters has been supplemented a number of 
times but is due to be fully replaced. Since the time of sampling the media in the NE biofilter has been 
completely removed and replaced with new media. The media in the SW biofilter will be similarly 
replaced in the coming weeks. The EG biofilter (source 03) had mechanical issues with the sprayers at 
the inlet and the media was dryer than optimal. These have since been fixed and are operational. 
 
These items will increase the removal efficiency of the biofilters and it is anticipated that the 
exceedances at the time of sampling will fall back within the limits allowed in the permit. 
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Appendix A:  Sampling Plan 
 

 



 

 

 

 

 

 

Sampling plan for Biofilter Odour & VOC 

Q3 2015 

Approval GVU1078 

 

 

 

 

 

 

 

 

August 20 2015 

Scott Kerr, Regional Regulatory Compliance Officer 

  



Overview: 
Harvest Fraser Richmond Organics Ltd. (“Harvest”) operates a composting facility and anaerobic digester 

on a 24 acre site located in Richmond (7028 York Rd). Operating under Air Permit GVA1054, there is a 

requirement for regular testing at a number of emission sources on site. This sampling plan has been 

written for the sampling round in the third quarter of 2015 (Q3, 2015). It builds on previous sampling 

plans; there are many similarities to recent sampling plans and some small improvements in protocol or 

equipment. 

In this round, sampling will be done at both the inlet and outlet of all four biofilters (source numbers 03, 

05, 06, 08); see figure 1. The static piles will also be sampled. This includes the waste receiving and 

handling area (source 04), ageing piles (source 07), overs, middlings and fines storage piles (source 09), 

and finished product storage piles (source 10). 

Harvest has been granted approval by Metro Vancouver to perform the sampling internally (letter 

addressed to Wayne Davis dated Nov. 28, 2014). The sampling will be performed by Scott Kerr, Regional 

Regulatory Compliance Officer and, where needed such as simultaneous sampling at two locations, a 

qualified person under Scott’s supervision will also be employed (see appendix B for info on personnel). 

Gas samples are collected into preconditioned tedlar bags. The samples are dynamically diluted at the 

time of collection in order to minimize the risk of vapours condensing inside the bag. Samples are 

collected from the biofilter inlet and outlet simultaneously. All bags are then analyzed for total volatile 

organic compounds (TVOCs) using a handheld PID. The bags from the biofilter outlet are then sent to the 

odour panel for further analysis by dynamic olfactometry (EN13725:2003). 

Table 1: Sources to be Sampled 

Source # Source Description Sampling method Analysis 

03 EG biofilter Inlet Diluted bag sample from 
the duct 

VOC using handheld 
PID 

03 EG biofilter Outlet Diluted bag sample from 
static sampling hood 

VOC using handheld 
PID, Odour using 
EN13725 odour panel 

04 Waste receiving and 
handling area 

Diluted bag sample from 
ambient 

Odour using EN13725 
odour panel 

05 SW biofilter Inlet Diluted bag sample from 
the duct 

VOC using handheld 
PID 

05 SW biofilter Outlet Diluted bag sample from 
static sampling hood 

VOC using handheld 
PID, Odour using 
EN13725 odour panel 

06 NE biofilter Inlet Diluted bag sample from 
the duct 

VOC using handheld 
PID 

06 Ne biofilter Outlet Diluted bag sample from 
static sampling hood 

VOC using handheld 
PID, Odour using 
EN13725 odour panel 

07 Ageing Piles Diluted bag samples via 
static flux chamber 

Odour using EN13725 
odour panel 

08 Screener biofilter Inlet Diluted bag sample from 
the duct 

VOC using handheld 
PID 

08 Screener biofilter Outlet Diluted bag sample from 
static sampling hood 

VOC using handheld 
PID, Odour using 
EN13725 odour panel 



09 Overs, middlings and 
fines piles 

Diluted bag samples via 
static flux chamber 

Odour using EN13725 
odour panel 

10 Finished products piles Diluted bag samples via 
static flux chamber 

Odour using EN13725 
odour panel 

 

  



Equipment list: 
Scentroid, Diluting Stack Sampler, SDS5: for collecting diluted bagged gas samples. This unit is well suited 

to sampling from hot, saturated gas streams. This will be used when sampling the biofilter inlets. 

 

 

Scentroid, SM100: for collecting the diluted bagged gas samples. This unit is well suited to a conditions 

such as those at the outlets of the biofilters and will be used for sampling those locations. 

 

 

Static hood: for focusing the flow of the gas stream from the surface of the biofilter outlet to increase the 

velocity to a measurable point and ensure that the samples are representative of the gas stream and not 

impacted by inadvertently sampling the atmosphere. The static hood covers half a square meter (0.5m2) of 

the biofilter outlet surface (ON-6 chapter 8.1)1. 

                                                           
1
 The Ontario Source Testing Code: http://www.ontario.ca/document/ontario-source-testing-code 

http://www.ontario.ca/document/ontario-source-testing-code


 

 

Teflon Tubing: for sample collection, 3/16” ID, ¼” OD (ON-6 chapter 5.1, section E) 

 

 

Photoionization Detector (PID): for analysis of volatile organic compounds (VOCs). A RAE PID will be used, 

either a miniRAE 3000 or a PPB RAE 3000. These units have detection ranges from 0.1-15,000ppm and 

0.001-10,000ppm respectively (see appendix A for datasheets).  



 

 

Preconditioned Tedlar bags: for storage and shipping of samples. There is no minimum size requirement 

in EN13725 for the sample container and the Ontario guideline (ON-6), only references that the bags must 

be sufficiently large so that the evaluation can be carried out by the odour panel. However for this round 

of sampling ten litre (10l) tedlar bags will be used. The material is suitable for the purpose and is meets 

both the EN13725 and ON-6 standards. The bags will be provided by Environmental Odour Consultants 

(ON-6 chapter 5.1, section F and chapter 5.2, section 5). 

 

Standard Pitot: A standard pitot tube with calibrated magnahelix gauge will be used to measure velocity in 

the ducts.  

Anemometer: Model VelociCalc  9565-P with probe 960. This anemometer has a range from 0 to 50m/s 

with a resolution of 0.01m/s. It meets the specifications for an anemometer detailed in ON-6, chapter 5.1, 

section B. It has been factory calibrated within the previous twelve months (see appendix A for 

datasheets) 



 

 



 

Figure 1. Site layout with locations of the four sources to be sampled. 

 

Sample Collection: Biofilter Outlet 
Two samples will be collected from each biofilter outlet, with use of a static sampling hood. Sample 

collection will be consistent with Ontario sampling standard, ON-6 sections 5.0 (Dynamic Pre-dilution 

sampling) and 8.0 (Open Bed Biofilter Sampling Method) and EN13725:2004 section 7 Sampling. 

Using a static sampling hood, velocities will be checked on the surface of the biofilter at twelve (12) evenly 

distributed locations, to ensure even discharge , +/-20% (as per ON-6 chapter 8.2). If the distribution is 

even, two sample locations on the surface of the biofilter are selected at random. If the distribution is not 

even, the two locations with the highest velocity readings will be sampled in order to give a conservative 

(high) result. If the distribution is uneven (+/- >20% variation) and the highest velocity is measured at 



more than two locations, then VOC will be measured at those locations with the highest velocity and the 

locations with the two highest VOC readings will be the locations used for sampling. 

The hood is placed on the surface of the biofilter at the sample location and is worked into the media in 

such a way that there are no visible gaps between the surface of the biofilter and the bottom of the 

sampling hood. The hood is left in place for at least thirty seconds (30s) – being flushed with gas from the 

biofilter outlet – prior to sample collection. This is to ensure that the hood is full of the gas to be sampled 

and is not contaminated with atmosphere. 

Following the flushing of the sampling hood, a sample is drawn through the stack of the sampling hood. 

The sample is diluted at the time of collection with dry, odour-free air using a Scentroid SM100. While 

grab samples from multiple locations have been used in the past, this has been problematic and there is 

potential contamination each time the hood is moved. This round we propose to follow the existing 

standards and take two samples, each from a single, suitable location. 

As per previous sampling rounds the SM100 is used at the biofilter outlet. The source of dry, odour-free air 

for this unit is compressed air from a SCUBA tank. 

The outlet of two CASP biofilters (sources 05 & 06) are diluted thirty five times (35:1). The outlets of the 

screener and Energy Garden biofilters are diluted seventeen times (17:1). This diluted sample gas stream 

is used to fill up the sample bags, which are subsequently emptied. The sample bags are flushed this way 

twice prior to collection of the sample (ON-6 chapter 5.5, section 4). Samples are collected over a period 

of ten (10) minutes into tedlar bags (ON-6 chapter 5.5, section 5). Once samples are collected they are 

placed in black plastic bags in order to minimize the photo-degradation of the sample from sunlight (ON-6 

chapter 5.6). A schematic of the sampling train can be seen in figure 2. 

While the Energy Garden biofilter (source 03) is being sampled, the building will be kept under negative 

pressure and the doors will be closed except for vehicles tipping or machines coming and going from the 

receiving hall. During the sampling of the CASP biofilters (sources 05 & 06) the blowers will be running at 

normal operating speed. When the screener biofilter (source 08) is sampled, the screener will be 

operating with material being run through the screener and the biofilter blower running at normal 

operating speed.  

Samples will be collected simultaneously for both the inlet and outlet. 



 
Fig. 2 Sampling train for biofilter outlet, with VOC analysis at the time of sample collection 

 

Sample Collection: Biofilter Inlet 
Two samples for each of the biofilter inlets will be taken directly from the manifold pipe between the 

blowers and the biofilter. Sample collection will be consistent with Ontario sampling standard, ON- 5 

Dynamic Pre-Dilution Sampling. 

The front end of the sampling train (between the source and the dilution point) will be heated to the same 

temperature as the stack (ON-6 chapter 5.5 section 3) – using a Scentroid stack diluter (SD5). The heated 

probe and dilutions will ensure that there is no condensation in the sample, which ensures that the 

sample is representative and valid. Condensation can lead to an artificially low result for odour and VOCs. 

The number of dilutions will be more than the minimum required for elimination of condensation as per 

research by A. Bokowa. Based on previous data for these sources, samples will be diluted sixty two times 

(62:1) for sources 05 & 06 due to high odour levels and moisture content at these sources. Samples for 

sources 03 and 08 will be diluted thirty five times (35:1). While much lower rates have been used in the 

past on these sources (3:1) and the Ontario sampling standard suggests a minimum dilution ratio as that 

which prevents condensation from forming inside the bag, new research indicates that this is not enough2. 

Higher dilution ratios avoid the artificially low numbers that researchers have seen when low dilution 

ratios during sample collection. The dilution rates chosen here have been suggested by Anna Bokowa of 

Environmental Odour Consultants. The source of dry, odour-free air is compressed air from a SCUBA tank. 

                                                           
2
 Bokowa, A., Determining the Importance of Proper Sampling when Assessing Odour for Complaint Purposes, First International 

Seminar on Environmental Odour Management in Santiago, Chile, 2014 



The diluted sample gas stream will fill up a sample bag, which will be subsequently emptied. The sample 

bags are flushed this way twice prior to collection of the sample (ON-6 chapter 5.5, section 4). Each 

sample will be collected over ten (10) minutes as per the Ontario standard (ON-6, chapter 5.5, section 5). 

Once samples are collected they are placed in black plastic bags in order to minimize the photo-

degradation of the sample from sunlight (ON-6 chapter 5.6). 

 

Fig. 3 Sampling train for inlet duct, with VOC analysis at the time of sample collection 

 

Velocity: Biofilter Inlet 
The velocity of the gas stream at the biofilter inlet will be measured in the manifold pipe between the 

blowers and the biofilter with a hot wire anemometer. The duct is greater than six hundred and ten 

millimeters (>610mm) and so twelve (12) sample points will be tested. There will be six test points on each 

of two planes, at ninety degrees to each other (as per EPA-1 and ON-1). If the cross-section of the duct is 

divided into imaginary sections of equal cross-sectional surface area, each test point will be in the 

approximate center of one of these sections (see fig. 2). 

The moisture and temperature in the gas stream needs to be measured in order that the flow can be 

reported in standard conditions. The moisture will be measured as per the standard method (EPA 4, 

Alberta Stack Sampling Code method 4). A minimum sample of thirty litres (30l) of gas will be drawn 

through three impingers (Environment Canada Method D). The first two impingers shall contain distilled 

water, the third shall contain silica gel. All three impingers shall be immersed in an ice bath. The water in 

the impingers will be weighed both before and after sampling, as will the silica gel. The difference in 

weight shall be considered the water in the gas sample. Temperature will be measured with a 

thermocouple. The barometric pressure will be taken from the nearest weather station (YVR) as described 

in the Alberta Stack Sampling Code, Method 5. 



 
Fig. 2 Sampling locations for velocities in circular ducts greater than 610mm, taken from ON-1 

 

Sample Collection: Waste receiving and Handling area 
Two samples will be collected from source 04, Waste Receiving and Handling area. These will be sent to 

the odour panel for analysis by EN13725.  

Samples will be collected as in previous years. Ambient samples will be taken from in between the piles. 

The samples will be collected in tedlar bags and will be dynamically diluted at the time of collection. The 

Scentroid DS5 will be used to fill bags with diluted sample air. The dilution ratio of odour free air to sample 

air at this source will be four to one (4:1). 

 

Sample Collection: Static Piles 
Two samples will be collected from each of the sources associated with static piles (07, 09, 10). These will 

be sent to the odour panel for analysis by EN13725.  

Samples will be collected as in previous years. A closed static hood will be used to collect the samples. The 

Scentroid SM100 will be used to draw diluted samples out of the static hood into bags. The hood will 

remain in place for one minute (1 min) prior to sampling. 

Ageing piles (source 07) will have one sample collected from a new windrow and one from an old 

windrow. The samples will be taken at the top of the windrows, where emissions are highest. 

The fines, mids and overs piles (source 09) will be sampled from the static piles. Sample locations will 

avoid local extremes (high or low spots) and edges. They will be representative of an ‘average’ area of the 

pile. 



The finished products area (source 10) will be sampled from static piles. Similar to source 09, the sample 

locations will avoid high or low spots and the edges of the piles. Average emissions locations will be 

sought. 

 

Analysis: 
Some sample points are analyzed for VOCs, some area analysis for odour and some are analyzed for both 

VOCs and odour (see table 1). 

The TVOC analysis will be performed at the time of sample collection by Harvest employees. The diluted 

sample will be directed to both the sample bag (sample collection) and the handheld PID (analysis). The 

instrumentation used for VOC analysis will be a handheld PID (mini RAE, PPB RAE, or similar). The lamp on 

the PID will be not more than 10.6eV lamp so that VOCs as defined by the US EPA and European standard 

will be measured – methane is not included in the analysis. This method of analyzing at the time of sample 

collection means that the bagged samples do not need to be reopened for VOC analysis, thereby greatly 

reducing the risk of cross-contamination of the bagged samples. 

Bags from the biofilter outlets and static piles will also be analyzed for odour. They will be sent overnight 

via Air Canada Cargo, to Toronto, where they will be collected by the odour lab; Environmental Odour 

Consultants. The analysis will be done within thirty (30) hours of sample collection (EN13725). The odour 

analysis will be done at an EN13725 approved odour lab; Environmental Odour Consultants.  

 

Quality Control: 
Quality control measures detailed in BC Field Sampling Manual (section 2) will be followed where relevant. 

Equipment blanks will be collected prior to source sampling (ON-6) and analyzed with the rest of the 

samples at the odour lab. 

High and low odour samples (inlet and outlet) will be packed separately for shipment. 

Field notes and all CoCs (Chain of Custody forms) will be logged at the time of sample collection and a 

copy kept with the shipped samples 

Hot wire anemometer will be calibrated less than twelve months prior to the sampling date (as per 

manufacturer’s specifications). 

PID will be calibrated before and after VOC sample analysis. 

The sampling train, probe, tubing, etc. will be purged before and after each sample is collected to ensure 

that there is no cross-contamination of samples. 

New Teflon tubing will be used for the collection of each sample. 

 



Reporting: 
A report summarizing all of the findings and data will be compiled by Scott Kerr at Harvest and submitted 

to Metro Vancouver. The report will include information on the operations at the time of sampling, 

including operational data such as  

the number of active cells in the CASP, the number of empty cells in the CASP, the weather, etc. 
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1. INTRODUCTION 

 

EOC Environmental Odour Consulting Corporation (EOC) was contracted by Harvest Power 

(Harvest) to perform an odour evaluation on samples delivered to EOC. 

 

All samples were shipped via Air Canada Cargo in two batches.  EOC retrieved the samples from the 

Air Canada Cargo terminal in Mississauga, Ontario for same-day evaluations.  

 

The first batch of seven (7) samples was delivered on September 29, 2015.  The second batch of 

thirteen (13) samples was delivered on September 30, 2015.  All evaluations for odour detection 

threshold value (ODTV) were performed according to the European standard EN13725: 2003 (with 

exceptions) and Ontario Ministry of the Environment Method ON-6 using dynamic olfactometry with 

screened panelists. 

 

In addition, all samples were evaluated directly for intensity, hedonic tone and character of the odour. 

 

 

All samples were in good condition upon delivery.  

 

 

2. METHODOLOGY 

2.1 Odour Panel Evaluation 

 

The evaluations were based on the European Standard EN 13725:2003 with the exception that 

each sample was introduced once to the panel members; eight panel members were used for all 

evaluations. Odour evaluations were also completed in accordance to the Ontario Ministry of the 

Environment’s Method ON-6 “Determination of Odour Emission from Stationary Sources.”  The EOC 

olfactometer is capable of performing evaluations using either the Triangular Forced Choice Method, 

or the Binary Forced Choice Method. For the Forced Choice Method, the panelist is presented with 

two or three ports (Triangular, Binary), of which one presents diluted sample and the other(s) neutral 

gas. The sample is presented randomly over the two or three ports. The panelist is asked to indicate the 

port with the sample. The panelist is also asked if his/her choice was a guess, inkling or certain. By 

combining the chosen results and the indicated level of certainty, the response is classified as false or 

true. The odour evaluation procedure requires the first sample to be presented to the panelist at the 

dilution that will be below the detection threshold. Therefore, the several initial presentations to the 

panelists require the panelist to select one port by guessing. Each panelist observes an odour sample in 

the ascending concentration series (increasing concentration). For this program a Binary Forced 

Choice Mode was chosen for odour evaluations. Each sample bag was evaluated by eight panelists 

with the option that for each dilution each of the 8 panelists were asked to indicate their responses. 
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Therefore, each panelist was introduced to the same dilution steps. Also the same step between 

dilutions was used for evaluation of three samples from the same source. 

 

 

The panelists’ responses were recorded by computer software and were processed to determine the 

odour detection threshold value (ODTV) for each sample.  The ODTV is a dilution factor and 

therefore has no units. For convenience however, the ODTV may be expressed in odour units (ou).   

 

A screened odour panel was used for all evaluations. They were tested for odour sensitivity using n- 

butanol as a reference gas and are considered to be within the normal range according to the European 

Standard EN 13725:2003(20-80ppb n -butanol).   

 

Prior to an evaluation session, the panelists are instructed to ensure that they do not have a residual 

odour from eating, drinking beverages (other than water), body odours or perfumes etc.  Each panelist 

must closely follow instructions for evaluating a sample. Panelists who are ill or are taking medication 

which may affect their olfactory response are not allowed to participate in an evaluation session.  

 

2.2.   Direct Odour Evaluations 

In addition to determining the ODTV, each odour sample was evaluated for the intensity, hedonic tone 

and character of the odour. To determine the hedonic tone, each panelist was asked to smell a sample 

and use a hedonic tone scale in order to determine if the detected odour was pleasant or unpleasant.  

 

The following scale was used by the panelists to record their hedonic tone evaluation of a sample: 

 

 -3 ..............very unpleasant 

 -2 ..............unpleasant 

 -1 ..............slightly unpleasant 

  0...............neutral 

 +1 .............slightly pleasant 

 +2 .............pleasant 

 +3 .............very pleasant 

 

To determine the intensity of the odour the following scale was used: 

 

 0………….no odour 

 1………….moderate odour 

 3………….strong odour 

 4………….extreme odour 

 

An average for all panelist responses was used for calculating the hedonic tone of each sample. 

 

The panelists were also asked to use their own words to describe the character of the detected odour. 
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The most common descriptor used by the panelists was used as the overall character descriptor for a 

sample. 

   

 

3. QUALITY CONTROL MEASURES AND CALIBRATION DATA 
 

 

EOC provided extensive quality control measures for the evaluations. These included, but were not 

limited to: 

 

● Keeping constant dilution steps between analysis of the samples from the same source.  

● Each sample bag was evaluated by eight panelists with the option that for each dilution 

each of the 8 panelists were asked to indicate their responses (each panelist was exposed to 

the same dilution). 

● The EOC olfactometer is calibrated by the manufacturer against carbon monoxide at all 

used ports. The calibrations are within the limits of EN13725 standard. 

● The EOC olfactometer is checked before each use for consistent volumetric flow rates at 

each “sniff port.” 

● EOC panelists are screened using European Method EN; 13725 with n-butanol and they are 

within the range of that standard- all screening data are provided in the report. 

● EOC panelists are trained to avoid any odorous products such as perfumes and scented 

lotions. 

● EOC panelists are advised and trained to avoid coffee or spicy food one hour before a 

session. 

● EOC makes sure that the sessions for the odour panel evaluations are not too long. 

● EOC provides frequent breaks to avoid any panelist’s fatigue. 

● All panelists’ data are computer recorded.  
 

 

Calibration data for the olfactometer is shown in Appendix 1. 

Appendix 1 also presents the screening data for the panelists used in this program. 

 

4. RESULTS 

 

Table 1 and Table 2 show the results for odour detection threshold values for samples evaluated on 

September 29, 2015 and September 30, 2015, respectively. 

 

 

Table 3 and Table 4 present the results for the direct odour evaluation for September 29, 2015 and 

September 30, 2015, respectively. 
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A calibration data for the olfactometer is presented in Appendix 1.  Appendix 1 also shows the screening 

data for the panel used during the program. 

 

 

 

Prepared by: 

 

 
Anna H. Bokowa, M.Sc. 

President, Environmental Odour Consulting 
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Table 1:   Odour Detection Threshold Values- September 29, 2015 

 

 
 

 

 

Table 2:  Odour Detection Threshold Values- September 30, 2015 

 

 
 

 

 

 

 

 

 

EOC Client Time Dilution Raw ODTV Net ODTV

Sample Sample  ou ou

Identification Identification   

Sample 1 SWO-BF-03 14:50-14:53 35 217 7595

Sample 2 SWO-BF-01 9:44-9:49 35 284 9940

Sample 3 SWO-BF-02 9:59-10:05 35 113 3955

Sample 4 EGO-BF-01 11:36-11:40 35 96 3360

Sample 5 EGO-BF-02 11:45-11:48 35 78 2730

Sample 6 RE-04-01 13:28-13:32 4 94 376

Sample 7 RE-04-02 13:34-13:40 4 148 592

EOC Client Time Dilution Raw ODTV Net ODTV

Sample Sample  ou ou

Identification Identification   

Sample 8 NEO-BF-02 9:47-9:52 35 129 4515

Sample 9 NEO-BF-01 9:38-9:44 35 168 5880

Sample 10 NEO-BF-03 9:54-10:02 35 92 3220

Sample 11 SM100-Blank 6:33 1 19 19

Sample 12 10-FIN-01 7:54-8:01 11 17 187

Sample 13 10-FIN-02 8:06-8:10 11 38 418

Sample 14 EGO-BF-03 7:31-7:37 35 86 3010

Sample 15 Mids 10:42-10:48 11 228 2508

Sample 19 DSS-Blank 6:30 1 83 83

Sample 20 Overs 10:54-11:03 11 93 1023

Sample 21 Curing-8 11:07-11:15 11 127 1397

Sample 22 Curing-9 11:17-11:20 11 85 935

Sample 23 Curing-4 11:24-11:30 11 55 605
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Table 3:  Direct Odour Evaluation Results- September 29, 2015 

 

 
 

 

 

Table 4:  Direct Odour Evaluation Results- September 30, 2015 

 

 
 

 

  

EOC Client Intensity Hedonic Description

Sample Sample  Tone  

Identification Identification (0-4) (-3 to +3)  

Sample 1 SWO-BF-03 3 -3 Garbage/Tabacco/ Smoke

Sample 2 SWO-BF-01 3 -3 Compost/Tabacco

Sample 3 SWO-BF-02 3 -3 Compost/Tabacco/Dust

Sample 4 EGO-BF-01 3 -3 Rotten Food/Tabacco

Sample 5 EGO-BF-02 3 -3 Rotten Food/Tabacco

Sample 6 RE-04-01 3 -3 Garbage/Rotten

Sample 7 RE-04-02 3 -3 Garbage/Rotten

EOC Client Intensity Hedonic Description

Sample Sample Tone  

Identification Identification (0-4) (-3 to+3)  

Sample 8 NEO-BF-02 3 -3 Compost/Alcohol/Sharp

Sample 9 NEO-BF-01 3 -3 Compost/Sharp

Sample 10 NEO-BF-03 3 -3 Compost/Dust/Sharp

Sample 11 SM100-Blank 2 -2 Rotten Food/Compost/Dust

Sample 12 10-FIN-01 2 0 Not Specified

Sample 13 10-FIN-02 2 -2 Rotten

Sample 14 EGO-BF-03 3 -3 Garbage/Rotten

Sample 15 Mids 3 -3 Rotten Food/Garbage/Sharp

Sample 19 DSS-Blank 3 -3 Garbage/Rotten Food

Sample 20 Overs 3 -3 Rotten/Earthy/Sharp

Sample 21 Curing-8 3 -3 Compost/Earthy/Sharp

Sample 22 Curing-9 3 -3 Compost/Earthy

Sample 23 Curing-4 3 -3 Compost/Earthy
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APPENDIX 1 

 

 

Panelists Screening Data 

Calibration Data 
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Panelists Screening Data 2015  

            

               

  
    

n- butanol ppb 
      

Panelist No Panelist ID 

Test 

1 

Test 

2 

Test 

3 

Test 

4 

Test 

5 

Test 

6 

Test 

7 

Test 

8 

Test 

9 

Test 

10 

Test 

11 

Test 

12 Average 

1508-1 1 26 29 22 28 26 31 26 26 28 22 30 26 27 

1508-3 2 42 38 42 31 48 42 41 40 38 32 31 42 39 

1508-6 3 29 29 28 29 27 29 32 28 32 31 25 29 29 

1508-7 4 46 42 43 44 46 51 49 44 46 58 43 46 47 

1508-9 5 29 27 29 29 32 32 29 29 27 29 32 29 29 

1508-2 6 54 62 52 52 54 67 69 53 54 52 52 58 57 

1508-10 7 29 29 29 32 39 31 39 31 38 39 29 34 33 

1508-14 8 44 44 46 48 44 38 42 42 42 38 42 44 43 

               

 
Average: 

            
38 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

11 | P a g e                                 Odour Panel Evaluation 

 

 

 

Panelists Screening Data: September 29, 2015 

Panelist No Panelist ID Test 

1508-1 1 42 

1508-3 2 48 

1508-6 3 52 

1508-7 4 48 

1508-9 5 29 

1508-2 6 52 

1508-10 7 29 

1508-14 8 42 

Average:                                                                     43 

 

 

Panelists Screening Data:  September 30, 2015 

Panelist No Panelist ID Test 

1508-1 1 38 

1508-3 2 46 

1508-6 3 48 

1508-7 4 48 

1508-9 5 28 

1508-2 6 52 

1508-10 7 28 

1508-14 8 46 

Average:                                                                     42 
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Appendix C:  Calibration Sheets 
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Appendix D:  Data Sheets 
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Appendix E:  Calculations 
 



EG Biofilter

Delta P ("H2O) Run 1 Run 2 Run 3 Average

1 0.06 0.12 0.12

2 0.14 0.13 0.13

3 0.12 0.11 0.11

4 0.1 0.11 0.13

5 0.12 0.1 0.11

6 0.12 0.12 0.12

7 0.11 0.13 0.12

8 0.12 0.12 0.12

9 0.12 0.1 0.11

10 0.11 0.11 0.1

11 0.09 0.1 0.09

12 0.09 0.1 0.1

0.111388889 " H2O

2.829277778 mm H2O

1.682045712 SqrRt of Above

Deg C Deg K / "Hg

Wet bulb temp 15 15 15 15 288.15

Dry bulb temp 20 21 21 20.67 293.82

Atmospheric Pressure (Kpa) 101.5 29.97293

Static Pressure ("Wg) 3.17 0.23317

Relative Humidity 53.40%

Moistue (% volume) 13.00%

VOCs Dilutions Raw VOCs Corrected Converted Corrected Odour

EGI-BF-01 55 0.85 46.8 30.47 -

EGI-BF-02 55 0.82 45.1 29.39 -

EGI-BF-03 55 1.45 79.8 51.97 -

EGO-BF-01 35 0.6 21.0 13.69 3360

EGO-BF-02 35 0.51 17.9 11.63 2730

EGO-BF-03 35 0.55 19.3 12.55 3010



FLOW

Standard Pressure 760.00

Standard Temperature 293.15

Moisture content (Bws) 0.00

Temperature 20.67

Atmospheric Pressure (Kpa) 101.50

Atmospheric Pressure (mm Hg) 761.31

Pitot tube coefficient (Cp) 0.84

Pitot tube constant (Kp) 34.92

Molecular weight 27.74

Static pressure (mm Hg) 5.92

Absolute stack pressure 767.24

Intermediate (sq rt of T/PM) 0.12

Ave stack gas velocity 5.80

Cross-sectional surface area 1.82

Dry volumetric flow (dcm/min) 638.23



SW Biofilter

Delta P ("H2O) Run 1 Run 2 Run 3 Average

1 0.07 0.06 0.05

2 0.08 0.06 0.06

3 0.06 0.07 0.07

4 0.06 0.07 0.06

5 0.07 0.05 0.05

6 0.06 0.04 0.04

7 0.06 0.06 0.05

8 0.07 0.06 0.06

9 0.08 0.07 0.08

10 0.06 0.07 0.07

11 0.05 0.07 0.06

12 0.04 0.07 0.07

0.061944 " H2O

1.573389 mm H2O

1.254348 SqrRt of Above

Deg C Deg K / "Hg

Wet bulb temp 64 65 64 64.33 337.48

Dry bulb temp 68 69 69 68.67 341.82

Atmospheric Pressure (Kpa) 101.5 29.9729

Static Pressure ("Wg) 2.86 0.21036

Relative Humidity 81.00%

Moistue (% volume) 31.6

VOCs Dilutions Raw VOCs Corrected Converted Corrected Odour

SWI-BF-01 55 11 605.0 394.28 -

SWI-BF-02 55 11.1 610.5 397.86 -

SWI-BF-03 55 10.7 588.5 383.53 -

SWO-BF-01 35 3.1 108.5 70.71 9940

SWO-BF-02 35 1.07 37.5 24.41 3955

SWO-BF-03 35 3.3 115.5 75.27 7595



FLOW

Standard Pressure 760.00

Standard Temperature 293.15

Moisture content (Bws) 0.32

Temperature 68.67

Atmospheric Pressure (Kpa) 101.50

Atmospheric Pressure (mm Hg) 761.31

Pitot tube coefficient (Cp) 0.84

Pitot tube constant (Kp) 34.92

Molecular weight 27.74

Static pressure (mm Hg) 5.34

Absolute stack pressure 766.66

Intermediate (sq rt of T/PM) 0.13

Ave stack gas velocity 4.66

Cross-sectional surface area 1.03

Dry volumetric flow (dcm/min) 169.93



NE Biofilter

Delta P ("H2O) Run 1 Run 2 Run 3 Average

1 0.06 0.05 0.06

2 0.07 0.06 0.06

3 0.05 0.05 0.06

4 0.04 0.05 0.04

5 0.04 0.05 0.04

6 0.04 0.04 0.04

7 0.04 0.04 0.04

8 0.05 0.05 0.05

9 0.05 0.05 0.04

10 0.04 0.04 0.04

11 0.03 0.04 0.03

12 0.03 0.03 0.02

0.044722222 " H2O

1.135944444 mm H2O

1.065806945 SqrRt of Above

Deg C Deg K / "Hg

Wet bulb temp 67 68 68 67.67 340.82

Dry bulb temp 71 71 71 71 344.15

Atmospheric Pressure (Kpa) 101.5 0.2953

Static pressure ("Wg) 0.33 0.02427

Relative Humidity 85.80%

Moistue (% volume) 38.3

VOCs Dilutions Raw VOCs Corrected Converted Corrected Odour

NEI-BF-01 55 0.59 32.5 21.15 -

NEI-BF-02 55 0.57 31.4 20.43 -

NEI-BF-03 55 0.42 23.1 15.05 -

NEO-BF-01 35 5.45 190.8 124.31 5880

NEO-BF-02 35 5.72 200.2 130.47 4515

NEO-BF-03 35 6.41 224.4 146.21 3220



FLOW

Standard Pressure 760.00

Standard Temperature 293.15

Moisture content (Bws) 0.38

Temperature 71.00

Atmospheric Pressure (Kpa) 101.50

Atmospheric Pressure (mm Hg) 761.31

Pitot tube coefficient (Cp) 0.84

Pitot tube constant (Kp) 34.92

Molecular weight 27.74

Static pressure (mm Hg) 0.62

Absolute stack pressure 761.93

Intermediate (sq rt of T/PM) 0.13

Ave stack gas velocity 3.99

Cross-sectional surface area 1.03

Dry volumetric flow (dcm/min) 129.40
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Appendix F:  Chain of Custody Forms 
 

 












