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1. Introduction 

1.1. Planning permission (ref. 2022/3480/P), recently approved in November 2022, granted permission for new 

roof level plant (including fume stacks and replacement of a diesel generator) to support lab enabled space 

at levels 1 to 9 of the building. Condition 7 of the permission required approval of an air quality assessment 

(AQA), which has been submitted to the Council and is currently pending determination.  

1.2. This technical note has been prepared to respond to comments made by the council on the AQA, submitted 

to discharge condition 7.  

2. Air Quality 

2.1. The following comments have been made in respect to the AQA. 

Comment 1: 

“Figure 3.3 indicates that the fume cupboard flues are quite close to air inlets RC, RG and RH and 

the prevailing wind direction from 2 flues are towards inlet RD. Relocation of these inlets is 

recommended or further details including the distance and cross-sectional diagrams of the 

exhausts / flues and inlets (to show location and relative heights) are required to ensure that there 

is no recirculation of emissions. 

2.2. We understand that a detailed wind tunnel survey was carried out to obtain accurate concentration 

estimates at building air intakes and other sensitive locations due to emissions from the proposed laboratory 

extract sources located on the Victoria House. The CCP (2022) Final Air Quality Report. Victoria House 

report
1

, which was appended to the KJ Tait’s MEP report, has now been updated and is appended to this 

TN. The CPP (2023)
2

 report concluded that all of proposed inlets modelled will meet the ASHRAW criterion 

(as outlined on page 3). Standard 62.1 of ASHRAW:  

“specifies minimum ventilation rates and other measures intended to provide indoor air quality 

(IAQ) that’s acceptable to human occupants and that minimizes adverse health effects. The 

standard provides procedures and methods for meeting minimum ventilation and IAQ 

requirements to engineers, design professionals, owners, and jurisdictional authorities where 

model codes have been adopted.” 

 

1
 CPP, 2022. Final Air Quality Report. Victoria House. London, England. CPP Project 16452.  

2

 CPP, 2023. Final Air Quality Report. Victoria House. London, England. CPP Project 16452. 
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2.3. It is, however, noted that the CCP report summaries that the ASHRAE criterion is not met at some rooftop 

air intakes for less than 1% of wind conditions; this is typically considered an acceptable risk of exceedance.  

2.4. On this basis, the air inlets modelled in line with drawing no. KJT-ZZ-R-DR-M-5701 meet the ASHRAW 

criterion “to provide indoor air quality (IAQ) that’s acceptable to human occupants and that minimizes 

adverse health effects.” 

Comment 2: 

“Filtration should be installed to air inlets A and C as a minimum. Details of filtration to be installed 

are required.” 

2.5. We understand that the client will be providing filtration at these proposed air inlets, as outlined in drawing 

no. 21593-CWA-VH-ZZ-DR-A-3000, in the form of the AAC Nitrosorb Swiftpack System
3

. This System uses 

carbon filter technology to deliver a high efficiency and sustainable range of standard and customised NOx 

filter units. 

2.6. The Swiftpack solution is suitable for indoor air projects in new build and retrofit schemes and is designed 

for use with all types of MVHRs. 

 

3
 AAC Eurovent. AAC Nitrosorb

®
 Swiftpack. Accessible at: https://www.aaceurovent.co.uk/product/aac-nitrosorb-swiftpack-system/  

https://www.aaceurovent.co.uk/product/aac-nitrosorb-swiftpack-system/
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EXECUTIVE SUMMARY 

This report documents the wind-tunnel study conducted by CPP, Inc. on behalf of Oxford Victoria House 
Limited for the Victoria House, located in London, England, which is currently planned to be converted from 
office space to laboratory research space. The objective of the study was to obtain accurate concentration 
estimates at building air intakes and other sensitive locations due to emissions from the proposed laboratory 
extract sources located on the Victoria House. The laboratory extract sources are understood discharge an even 
mix of air from laboratory research spaces and office areas. As such, they may periodically emit chemicals or 
other contaminants that may enter nearby buildings through air intakes, or be present at other sensitive locations, 
and impact staff or the general public. If adverse impacts were found, mitigation measures were evaluated. 

To meet the objectives of the study, a 1:240 scale model of Victoria House and nearby surroundings within a 
415 m radius was constructed and placed in CPP's boundary-layer wind tunnel. Concentration measurements 
were obtained in the wind tunnel to define the impact of emissions from roof level laboratory extract sources at 
building air intake and other sensitive locations. Additional analysis for a proposed rooftop standby diesel 
generator was conducted using CPP’s enhanced version of the ASHRAE Handbook model (ASHRAE, 2019). 

The conclusions are summarized below and discussion for the proposed extracts are presented Table ES-1.  

Conclusions 

• Laboratory extracts are expected to meet the recommended ASHRAE criterion during full flow 
operation (3.6 m3/s at 20.8 m/s) . 

• A screening level assessment that does not take into account local site conditions was conducted for a 
typical 700 kW generator. Estimates indicate that health limits would be met at distances greater than 
4.4 m from the flue, while odors were estimated to extend up to 187 m downwind from the flue.  

o It is understood that an oxidizing extract filter will be added to the generator; assuming an 
80% reduction of odor, the extent of odors would be reduced to a to 37.5 m radius. 
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Table ES-1 
Summary of Results for Laboratory Extracts on Bloomsbury Square Fume Extracts 

Source 
Description 

Stack Base 
Height 

(m) 
description Design Description 

Volume Flow 
Rate and Efflux 

Velocity 
m3/s (m/s) 

Stack Height 
Above Base 

(m) 

ASHRAE1 Design criterion 
met/not met (exceeded) as 

follows: 
Bloomsbury 
Square Fume 
Extracts 
EF-N1 & EF-N2 
and 
EF-S1 & EF-S2 

35.5 
Main Roof 

Initial Proposed 
6.4 

(16.1) 
4.0 met2 

Updated Proposed 
3.9 

(20.8) 
4.0 met2 

Discussion 
Both the initial and updated proposed designs meet the recommended ASHRAE criterion at all intakes evaluated.  

 

 

 
1 ASHRAE recommended performance criterion for laboratory fume hood extract. See Section 2.5.1. 
2 ASHRAE criterion is not met at some rooftop air intakes for less than 1% of wind conditions, which is typically considered an acceptable risk of exceedance. 
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1. INTRODUCTION 

This report documents the wind-tunnel study conducted by CPP, Inc. on behalf of Oxford Victoria House 
Limited for the Victoria House, located in London, England, which is currently planned to be converted from 
office space to laboratory research space. The objective of the study was to obtain accurate concentration 
estimates at building air intakes and other sensitive locations due to emissions from the proposed laboratory 
extract sources located on the Victoria House. The laboratory extract sources are understood discharge an even 
mix of air from laboratory research spaces and office areas. As such, they may periodically emit chemicals or 
other contaminants that may enter nearby buildings through air intakes, or be present at other sensitive locations, 
and impact staff or the general public. If adverse impacts were found, mitigation measures were evaluated. 

To meet the objectives of the study, a 1:240 scale model of Victoria House and nearby surroundings within a 
415 m radius was constructed and placed in CPP's boundary-layer wind tunnel. Concentration measurement tests 
were conducted for a variety of meteorological conditions and source/receptor combinations. The concentration 
measurements were converted to full-scale normalized concentrations (C/m). Additional analysis for a proposed 
rooftop standby diesel generator was conducted using a simplified ASHRAE separation distance procedure 
(ASHRAE, 2019). The results provide estimated separation distances required to meet the recommended odour 
and health criteria (i.e., a design concentration). The design concentration was specified such that health and 
odour effects due to any expected chemical release would be minimal at sensitive locations. 

Included in this report are a description of various site-specific issues, a discussion of the experimental 
methods, and the results of the study. The conclusions are summarized in an executive summary, which is 
located at the beginning of the report. 
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2. PROJECT SPECIFIC INFORMATION 

2.1. DESCRIPTION OF SITE 

The existing Victoria House is located in London, England. Figure 1 presents a detailed view of the area 
modelled on the turntable. Figure 2 is a close-up plan view of Victoria House showing source and surrounding 
receptor locations. Photographs of the model in the wind tunnel are shown in Figure 3. All testing was carried out 
in CPP's closed-circuit wind tunnel shown in Figure 4. 

It was determined that a target surface roughness length of 0.7 m was appropriate for use in the wind-tunnel 
modelling based on aerial photos and previous experience in the area. 

2.2. EXTRACT SOURCES 

Victoria House is planned to be equipped with laboratory extract stacks located on the roof. The laboratory 
extracts will discharge an even mix of air from laboratory research and office areas. In addition, three (3) existing 
standby diesel generators will be replaced with a single unit with an estimated capacity of 700 kW. Note, it is 
understood that there are existing boilers and cooling towers with extract discharged at the roof level. Based on 
our experience, air quality impacts from these extracts will be the same as existing conditions. New air intakes are 
expected to see similar impacts as existing air intakes 

Extract discharges were simulated by installing stacks constructed of brass tubes at the appropriate locations. 
Trips were installed within the stacks as required to ensure that the stack flow was fully turbulent upon exit. The 
stacks were supplied with a tracer gas (ethane) and inert gas (nitrogen) mixture with a density similar to room 
temperature air. Precision mass flow controllers were used to monitor and regulate the discharge momentum. 

An updated design of the laboratory extracts was evaluated using a numerical analysis informed by 
previously collected wind tunnel data, see “Simulated Runs” in Table 4. 

All of the extract locations are shown in Figure 2. The full-scale extract parameters for each source are listed 
in Table 1. 

2.3. RECEPTOR LOCATIONS 

The emissions from the extract sources described above have the potential for causing health or odour 
problems at sensitive locations such as air intakes, plazas, entrances, and nearby buildings. The various receptor 
locations where concentrations were measured during the study are identified in Figure 2. Table 2 provides a list 
of abbreviated receptor identifications and their approximate elevations. Proposed intakes on the central 
penthouse structure at both Level 8 (receptor 46) and Level 9 (receptor 45) were initially evaluated during this 
wind tunnel study. Following review of the results and subsequent discussion, these intake locations were 
discounted as a viable strategy and are not reflected in the above-mentioned recommendations. An alternate 
location along the north façade of the penthouse structure was considered at Level 9 (receptor 47). Based on CPP’s 
experience and further review of the initial results, air quality impacts from the laboratory extracts to this location 
are expected to meet the recommended ASHRAE criterion. 

The receptor locations were evaluated by installing a small diameter brass tube at the specified location. This 
brass tube was then connected to the analysis instrumentation to determine the amount of tracer gas present at 
the receptor location. 
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It should be noted that not all receptors were sampled for each source. Only those receptors of most interest 
or those likely to give the highest concentration for a particular source were evaluated. 

2.4. METEOROLOGY 

The meteorological information of primary interest for this evaluation is the wind speed frequency 
distribution. This information is used to specify a reasonable upper limit wind speed to be used for testing. This 
information is also used in conjunction with the wind-tunnel measured concentrations to determine the percent 
time a certain concentration is predicted to be exceeded. 

Figure 5 shows the wind speed and direction distribution, in the form of a wind rose, at the Heathrow 
Airport anemometer. The anemometer is located approximately 22 kilometers west of Victoria House. The data 
was collected during the period from 2005 to 2022. The wind rose indicates that the most frequent winds are from 
the south-southwest through west. The strongest winds, greater than 16 m/s (35.8 mph), occur primarily from the 
west-southwest through west. 

Figure 6 shows the cumulative frequency distribution of wind speed at the Heathrow Airport anemometer. 
The wind speed distribution was used to determine the wind speed at the anemometer that is exceeded 1% of the 
time (i.e., the 1% wind speed). The figure shows that the 1% wind speed is approximately 12.3 m/s (27.5 mph) at 
the anemometer. The likelihood of specific wind conditions at the project site was considered in the wind tunnel 
testing and subsequent analysis.  

2.5. CONCENTRATION DESIGN CRITERIA 

Developing concentration acceptance criteria can be as important as predicting extract concentrations. 
Concentration predictions from wind tunnels or numerical methods by themselves are not useful for examining 
source designs unless some maximum acceptable concentration, or design criterion, is specified. This criterion 
will vary with source type and each source type may have a criterion that varies depending upon such things as 
emission type, emission quantity, and number of units emitting. 

An air quality “acceptability question” can be written: 

 Cmax < Chealth/odour  ? Equation 1 

where Cmax is the maximum concentration expected at a sensitive location (air intakes, operable windows, 
pedestrian areas), Chealth is the health limit concentration and Codour is the odour threshold concentration of any 
emitted chemical. When a large number of potential chemicals are emitted from a pollutant source, a variety of 
mass emission rates, health limits, and odour thresholds need to be examined. It then becomes operationally 
simpler to recast the acceptability question by normalizing (dividing) Equation 1 by the mass emission rate, m: 

 
?

odor/healthmax
  

m
C < 

m
C

















 Equation 2 

The left side of Equation 2 (C/m)max, is only dependent on external factors such as stack design, receptor 
location, and atmospheric conditions. The right side of the equation is related to the emissions and is defined as 
the ratio of the health limit, or odour threshold, to the emission rate. Therefore, a highly toxic chemical with a low 
emission rate may be of less concern than a less toxic chemical emitted at a very high emission rate. Three types of 
information are needed to develop normalized health limits and odour thresholds: 

1. a list of the toxic or odourous substances that may be emitted,  
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2. the health limits and odour thresholds for each emitted substance, and  
3. the maximum potential emission rate for each substance. 

It should be noted that the normalized concentration design criteria discussed below are derived from 
occupational exposure limits, odour thresholds and estimated mass emission rates. The occupational exposure 
limits are based on a mixture of guidelines, recommendations, and regulatory limits from the ACGIH, OSHA or 
NIOSH. The limits provided by ACGIH and NIOSH were developed as guidelines to assist in the control of 
health hazards, and are not intended for use as legal standards. The limits provided by OSHA are regulatory 
limits on the amount or concentration of an airborne substance that may be present in the workplace. 

The mass emission rates for the laboratory extracts are based on an assumed accidental release scenario. 
Therefore, no safety factor has been applied per ANSI/ASSP Laboratory Ventilation Standard Z9.5-2022 (Z9.5-
2022). The odour thresholds were obtained from published information with no safety factor applied. CPP 
recommends that the user employ an Industrial Hygienist to review both the design criteria development 
procedure described in this report and the user’s anticipated laboratory procedures to determine the 
appropriateness of the established design criteria, discussed below. CPP further recommends that this document 
be reviewed each time the user experiences either a program change or a change in laboratory procedures. Failure 
to do so may nullify the recommendations presented in this report. A detailed explanation of the calculation is 
presented in an internal CPP document “CPP Simulation and Analysis Techniques for Air Quality Assessments” 
(September 2018). This document is available on request. 

The following paragraphs discuss the specific design criteria used in this study as well as potential mitigation 
measures. The sources of concern for this evaluation and the design criterion for each source type are 
summarized in Table 3. The table also summarizes the basis from which each design criterion was developed. 

2.5.1. LABORATORY EXTRACT  

Design criteria specific for the chemicals used in a laboratory facility can be developed using chemical-
specific information. However, Z9.5-2022 states "toxic and hazardous substances may be used at some point 
during the lifetime of the facility." This implies that one needs to assume that the chemical utilization will change 
over time and specifying the criteria based on current chemical utilization may not be appropriate. 

No proposed chemical inventory was provided for this project. Therefore, the normalized health limit (HL/m) 
and normalized odour threshold (OT/m) design criteria were set at 400 μg/m3 per g/s, which corresponds to the 
ASHRAE example criterion discussed in Chapter 16 of the 2019 ASHRAE Handbook HVAC Applications 
(ASHRAE, 2019). This criterion assumes a 7.5 L/s chemical emission rate (i.e., due to a liquid spill or lecture bottle 
fracture) and a concentration of 3 mg/kg or less at an intake. Chapter 16 (ASHRAE, 2019) includes the following 
disclaimers regarding this criterion: 1) laboratories using extremely hazardous substances should conduct a 
chemical specific analysis based on published health limits; 2) a more lenient limit may be justified for 
laboratories with low levels of chemical usage; and 3) project specific requirements must be developed in 
consultation with the safety officer. 

The ASHRAE criterion may be put into perspective by considering the "as installed" chemical hood 
containment requirements outlined in Z9.5-2022 (i.e., a concentration at a mannequin outside the chemical hood 
of 0.10 ppm or less for "as installed" with a 4 L/m accidental release in the hood as measured using the 
ANSI/ASHRAE 110-2016 test method). The "as installed" requirement is equivalent to a design criterion of 1500 
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μg/m3 per g/s. Hence, the criterion for a mannequin (i.e., worker outside the chemical hood) is 1.9 to 3.8 times less 
restrictive than that for the air intake or other outdoor locations. This seems reasonable (i.e., that the air intake has 
more strict criteria) since the worker at the chemical hood can shut the hood or walk away to avoid adverse 
exposure. Also, the ANSI/ASHRAE 110-2016 test is not necessarily a "worst-case" exposure scenario for the 
worker. 

For reference purposes, CPP has provided the following information in Table 6 for chemicals with published 
occupational exposure values (SEPA, 2010; ACGIH, 2018a and 2018b), workplace environmental exposure levels 
(TERA, 2019), and odour thresholds (Ruth, 1986; SEPA, 2010; AIHA, 2019): 

• the normalized health limit and odour threshold associated with a 1 L spill or 1-minute lecture bottle 
release; and  

• the limiting value (i.e., lowest value of the normalized health limit or odour threshold) associated 
with a 1 L spill or 1-minute lecture bottle release; and  

• the maximum allowable fume hood volume (liquid) or release rate (gas) for each of the criteria 
discussed above. 

The facility owner should review the table to determine whether they will be using chemicals in a manner 
that could create a problem. Also, a detailed hazard assessment should be carried as outlined in Z9.5-2022, which 
states: 

"The first step in a hazard assessment is to identify what chemicals can be released including normally 
uncharacterized by-products. After characterizing the inherent hazard potential (largely based on physical 
properties, toxicity, and routes of entry), the next step is to ascertain at least qualitatively, the release "picture". At 
what points within the control zone will chemicals be evolved and at what release rate? Will the chemical release 
have velocity? How has the maximum credible accidental release been accounted for? Finally, how many 
employees are/could be exposed and what means are available for emergency response?" 

2.5.2. COMBUSTION SOURCES 

Standby Diesel Generator. The normalized health limit (HL/m) design criteria for the diesel emergency 
generator were based on information obtained from the U.S. Environmental Protection Agency (EPA, 1996a) and 
the U.S. Code of Federal Regulations (CFR, 2002). The normalized odour threshold (OT/m) design criteria were 
based on a 20% objection level to an exhaust dilution of 1:2000 (Vanderheyden, 1994). These filters typically 
reduce unburned hydrocarbons (the odourous exhaust components), by about 80%. If these filters are installed, 
the 1:2000 dilution requirement stated above is reduced to a 1:400 dilution requirement. The normalized 
concentration design criteria (HL/m and OT/m) for the diesel emergency generator are listed in Table 2. 
Normalized criteria for a single unit are computed in Table 7.  
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3. NUMERICAL MODELLING METHODOLOGY 

3.1. CONCENTRATION PREDICTIONS 

Numerically predicted exhaust concentrations were calculated using CPP’s simplified ASHRAE procedure 
for calculating exhaust/intake separation distances (Petersen, 2016), as described in the following section. The 
predicted concentrations are used to estimate the area of impact from the proposed diesel standby generators. In 
order to quantify results for specific source/receptor combinations, additional analysis using a detailed numerical 
model or wind tunnel testing is required. A summary of the estimated separation distances required to meet 
health and odor criteria are summarized in Table 5. 

3.2. SIMPLIFIED ASHRAE SEPERATION DISTANCE PROCEDURE 

The simplified separation distance procedure is a variation of the separation distance equations and tables 
from ASHRAE Standard 62.1 (ANSI/ASHRAE, 2019). The simplification procedure was developed by CPP, 
through ASHRAE sponsored research (Petersen, 2016). In the development of the new procedure, several case-
studies were compared against the current Standard 62.1 concentration predications. Modifications to Standard 
62.1 equations were made to better-predict dilution versus distance, with a higher frequency of producing 
conservative dilution estimates (i.e., not over-predicting dilution). The exhaust stack operating parameters listed 
in Table 1 were used. The exhaust stack distance and height above/below the receptor location are used as inputs, 
along with several other factors, including turbulence, wind speed, and stack orientation (capped/un-capped). 
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4. RESULTS 

4.1. CONCENTRATION MEASUREMENTS 

Normalized concentrations (C/m) due to emissions from the various sources were measured and evaluated 
following CPP’s standard data collection procedures, which are available upon request. A compilation of the 
maximum steady-state C/m values for each source/receptor combination tested is presented in Table 4. The 
conclusions derived from these results are presented in the tables included in the Executive Summary at the front 
of this report. C/m values versus wind speed and wind direction for each test are archived at CPP and available 
upon request. 

In addition to presenting the maximum measured steady-state normalized concentration for each 
source/receptor combination evaluated, the table also indicates the percent time that the design criterion may be 
exceeded, if applicable. The percent time exceeded is calculated by determining the wind conditions that are 
predicted to result in an exceedance of the design criteria. The summation of the frequency that these wind 
conditions are expected to occur is then the percent time exceeded presented in Table 4. This value does not take 
into consideration the probability of the emission event associated with the specified design criteria. Therefore, to 
determine the probability of exceeding (i.e., not meeting) the design criteria, the value listed in Table 4 should be 
multiplied by the frequency of occurrence of the emission event. For example, if an laboratory extract is expected 
to operate for 8,760 hours per year, and the percent time exceeded for the ASHRAE criterion indicated in Table 4 
is 10.0%, wind conditions that could result in an exceedance of the criterion are expected to be present at the 
specified receptor location 87.6 hours per year (8,760 hours/yr x 0.10). 
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Figure 1:  Plan vie of the area modelled on the turntable with building heights 
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Figure 2:  Close up of Victoria House with building tier heights and source and receptor locations 
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Figure 3:  Photographs of the model in the wind tunnel: View from the northeast (top); View from the southeast 

(bottom).  
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Figure 3:  Photographs of the model in the wind tunnel: View from the southwest (top); View from the northwest 

(bottom).   
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Figure 4:  Rendering of the wind tunnel used for testing and photograph of the wind-tunnel configuration. Note 

spires and trip at entrance to test section, and roughness elements on approach fetch to develop a 
turbulent boundary-layer flow.   
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Figure 5:  Wind rose for the Heathrow Airport anemometer  
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Figure 6:  Percent time indicated wind speed is exceeded at the Heathrow Airport anemometer 
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Table 1: Full-Scale Extract and Modelling Information 
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Table 2: Receptor Identifications 

 
  



VICTORIA HOUSE      |     CPP PROJECT 16452 

Page 25 

Table 2: Receptor Identifications 
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Table 3: Summary of Normalized Concentration Criteria 
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Table 4: Test Plan, Normalized Concentration Results and Percent Time the Design Criteria may be Exceeded for Each Source/Receptor 
Combination Evaluated in the Wind Tunnel 
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Table 4: Test Plan, Normalized Concentration Results and Percent Time the Design Criteria may be Exceeded for Each Source/Receptor 
Combination Evaluated in the Wind Tunnel 
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Table 5: Predicted Normalized Concentrations as a Function of String Line Distance for the Proposed 
Generator 
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Table 6: Chemical Fume Hood Normalized Health Limits and Odour Thresholds in Order of Toxicity and 
Volatility 
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Table 6: Chemical Fume Hood Normalized Health Limits and Odour Thresholds in Order of Toxicity and 
Volatility 
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Table 6: Chemical Fume Hood Normalized Health Limits and Odour Thresholds in Order of Toxicity and 
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Table 6: Chemical Fume Hood Normalized Health Limits and Odour Thresholds in Order of Toxicity and 
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Table 6: Chemical Fume Hood Normalized Health Limits and Odour Thresholds in Order of Toxicity and 
Volatility 
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Table 7: Normalized Health Limits and Odour Thresholds Listed for Combustion Source 

 


