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Notation 

a,b Coefficients in equation 6 

A Um/l]b 

B Building width (m) 

Be Actual concentration of the background pollutant (mg m·3
) 

Be Equivalent concentration of the background pollutant for a different discharged pollutant (mg m·3) 

cd Pollutant concentration at stack discharge conditions 

c
8 

Pollutant concentration at STP (273K, lOL3kPa) 

C Final discharge stack height (m) 

D Pollutant discharge rate (g s·1
) 

d Discharge stuck diameter (m) 

Gb Guideline concentration of the background pollutant (mg m 3
) 

Gd Guideline concentration of the discharged pollutant (mg m·3) 

II Building height (m) 

Hm Maximum H considering all relevant buildings (m) 

K The lesser of building height (H) or building width (B) 

M Discharge Momentum (1114 s·1
) 

M
0 

Discharge Momentum for discharges of ambient density from Figure 3 (m4 s·2) 

mw Mean molecular weight of the discharging gases 

n Discharge rate of water droplets (g s·1
) 

P. Pollution Index (m3 s·1) 
I 

Q Heat released at discharge stack exit (MW) 

T Heighl uf uisturbed flow over building - II+ LSK (m) 

Ta Temperature of the ambient air (K) 

T d Discharge temperature (K) 

Tm Maximum T considering all relevant buildings 

U Uncorrected chimney height, the lesser of Ub and Um (m) 

Ub Uncorrected chimney height for buoyancy (m) 

Um Uncorrected chimney height for momentum (m) 

V Volume flowrate at the discharge conditions (m3 s·1
) 

w Discharge velocity (m s·1
) 

pa Density of the ambient air (kg m 3) 

pd Density of the discharged gases (kg m 3
) 

x,y,z Coefficients in equation 15 
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1.0 Introduction 

1.1 This Note is issued by Her Majesty's Inspectorate of Pollution, and is one of a series providing 
information on technical subjects. 

.. 

1.2 It lays out a relatively simple, non-specific method of approximately determining the heights of 
discharge stacks for polluting emissions, which should be adequate in normal circumstances. It is 
intended for use by Inspectors, Local Authorities, Industry and others who have a need to make such 
calculations, although it is primarily intended for use with those processes regulated by Local 
Authorities. Since the height of a stack (which is provided to render an emission harmless), is only one 
part of BATNEEC, emissions must also be prevented and minimised to meet the requirements of Section 
7(2) of the Environmental Protection Act, 1990. 

1.3 It is intended to complement the Third Edition of the 1956 Clean Air Act Memorandum on Chimney 
Heights (Department of the Environment, ( 1981 )). This was produced specifically for dealing with 
conventional combustion plant of the sort mainly in use at that time. That is, indirect heating and steam 
raising boilers running on fossil fuels and for which either sulphur dioxide or nitrogen oxides were the 
major pollutants. The Memorandum should continue to be used for this purpose. 

1.4 However, since the Memorandum was produced a much greater variety of types of combustion plant 
have appeared to which it was never intended to apply; for example, fluidised bed combustors, small 
generating plant and co-generation systems. Also, there has been an increasing concern over polluting 
discharges from combustion plant burning non-fossil fuels and from discharges from a wide range of 
industrial processes of all sizes. The Memorandum has been adaptable, within limits, to deal with some 
of these other emissions, (see the background report to this document (Hall and Kukadia, (1993)) for a 
further discussion). However, its use is inappropriate in many cases due to the wide variation in both the 
types of pollutant and their discharge conditions compared with those for conventional combustion plant. 
The present guidance is intended lo deal with these other discharges. 

1.5 Because it can be applied to a wide variety of pollutant discharges, the present guidance is necessarily 
more complex than the Memorandum. However, it follows the same general procedures as the 
Memorandum and has some points of similarity, so that previous users of the Memorandum should find 
many aspects of it familiar. 

1.6 Since the main intention of this guidance is to lay out a methodology, only a limited amount of 
background information is supplied. Similarly, references are limited to those directly relevant to the 
determination of a discharge stack height. Further details can be found in the background report to this 
document (Hall and Kukadia, (1993)). 

1. 7 HMIP are grateful to Warren Spring Laboratory for compiling the information contained in this 
guidance. 
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2.0 Basis and Limitations of the Method 

2.1 Basis of the method 

The calculation method assumes that the 
disdmrge slack. height is governed by the need 
to limit local ground level pollutant 
concentrations below a maximum level that 
might occur for short periods. By 'local' is 
meant the region within a distance of about one 
hundred stack heights where the occasional 
contribution of a single pollution source to short 
term pollution levels can be large. It is not 
intended to deal with long range pollutant transport 
or to long period pollution levels due to multiple 
sources, where different considerations apply. 
The target period is 15-30 ruins, but this covers 
acceptably a range between about five minutes 
and an hour's duration. The presumption is that 
human health effects are the major 
consideration, thus that part of the guidance 
concerned with guideline concentrations is based 
solely on this. However, the method could also 
be used to deal with short term exposure 
problems for other reasons, provided that 
acceptahle guideline concentrations are known. 

2.2 Contribution to long term pollutant 
levels 

Although local short term maximum pollutant 
concentrations are normally the governing 
factor in controlling discharge stack heights for 
health effects, there may be circumstances in 
which other factors not covered by this 
document need to be considered. For example, 
health effects due to long term ambient pollutant 
concentrations, deposition to the ground of 
particles containing toxic materials (as with 
heavy metals or fluorides) or the deposition of 
nui ance dusts. 

2.3 Types of discharge 

The method is restricted to controlled, known, 
steady discharges through stacks directed 
vertically, where the rate of pollutant discharge 
is known and where there is a guideline 
concentration for the pollutant(s). A 'steady' 
discharge is defined as one with a nominally 
constant release rate over a minimum time of a 
few minutes. In cases of short discharge times, 

of less than about one minute, the method may 
still be used (based on the maximum rate of 
discharge) but may produce a conservative 
(increased) discharge stack height. The method 
is not intended for accidental or other 
uncontrolled discharges, though it may be 
usable for these purposes under some 
circumstances. 

2.4 Types of pollutant 

The method is suitable for both gaseous and 
small particulate pollutants. The latter are 
defined as particles of aerodynamic diameter 
below about 40µm. 

2.5 Odorous discharges 

The method is not suitable in its present form 
for odorous discharges. The perception of 
odours is normally to the large excursions in 
concentration at short time scales (down to time 
averages of ahout one second) whid1 occur as a 
natural part of the dispersion process. Thus the 
minimum averaged time (of about five minutes) 
upon which the present method is based is too 
long for prediction of the dispersion of odours. 
It is intended to issue further advice on dealing 
with odorous discharges at a later date. 

2.6 Meteorological conditions 

Discharge stack heights are based on the worst 
case experienced in normally occurring 
meteorological conditions, that is, within the 
98%ile envelope of frequencies of windspeed 
and atmospheric stability. Extreme conditions, 
foi"-exaiiipleverysfrong winds inexcessOf -- - -
20ms-1, have been excluded. This is adequate 
for determining discharge stack heights in the 
great majority of cases. 

2. 7 Topography 

The method is restricted to areas around the 
discharge stack where topographic effects on 
dispersion are not significant. This is 
approximately defined as areas where ground 
slopes are less than 1 in 10. Specialist advice 
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may be needed in some cases where topography 
is a problem. 

2.8 Maximum discharge stack height 

Although the present document will give 
chimney heights up to 200m, above 1 OOm the 
sfack height derived will only be approximate. 
At these greater heights it is desirable that stacks 
be given more individual attention. 

3.0 Calculation Procedure 

This section sets out the sequence of steps for 
calculating the discharge stack height. The 
subsequent sections then deal with each step in 
detail. The relevant section number is noted in 
parentheses after each step. There are three main 
stages in the process. Firstly, determining the 
size of the polluting discharge and its Pollution 
Index. Secondly, calculating the discharge stack 
height. Finally, attention is given to a number of 
subsidiary matters: absolute minimum stack 
heights, discharge conditions etc. 

The procedure is also laid out in the flow chart, 
overleaf. 

Stage 1 : Calculating the Pollution Index 
(section 4). The steps in this stage are, 

Identify the major pollutants ( 4.2). 
Determine the guideline concentrations 

for the pollutants (4.3). 
Correct for background levels of 
pollution if necessary ( 4.4 ). 

Consider combinations of discharged 
pollutants where they occur (4.5). 

-
2.9 Accuracy 

Heights determined using the method should be 
regarded as a guide rather than a mathematically 
precise definition of discharge stack height. The 
conclusion may need to be modified in the light 
of particular local circumstances or of practical 
experience. 

Stage 2: Calculating the discharge stack 
height (section 5). The steps in this stage 
are, 

Calculate uncorrected discharge stack 
height for buoyancy, ub (5.2). 

Calculate uncorrected discharge stack 
height for momentum, um (5.3). 

Calculate final discharge stack height, 
correcting for the presence of tall 
buildings if necessary (5.4 ). 

Stage 3: Other considerations (section 6). 
These are, 

Minimum discharge velocity and other 
flue exit conditions (6.1). 

Overriding minimum requirements for 
discharge stack heights (6.2). 

Discharge stack heights for plant with a 
wide operational range (6.3) 

Multiple sources, nearby sources and 
combining emissions (6.4). 

Difficult siting (6.5). 
Highly abated emissions (6.6). 



HMIP Technical Guidance Note (Dispersion) 01 

Ibntity the 
pollutant• discharqed. 

Section 4.2 

Determine quideline 
concentrations tor each pollutant. 

section 4.3 

Dotermine backqround concentratioDs 
tor the relevant district. 

section 4.4 

Calculate Pollution Index tor 
each pollutant diacharqed. 

Section 4 

NO Obtain expert advice 
as necessary. 

YES 

Determine a colll))ined value 
ot Pollution Index 
bef ore continuinq. 

Section 4.5 

Deaiqn moditioationa may ba 1-~N~O;;....,._<:: 
necesaary betore continuinq. 

section &.1 

Calculate an uncorrected discharqe 
stack heiqht, ub due to buoyancy. 

section 5.2 

l/O use the lower limit ot ub tor 
-:=>-_.....j tbe rest ot the calculation. 

Calculate an uncorrected discharqe stack 
heiqht, Um due to discharqe momentum. 

Section 5.3 

Apply buildinq correctio~ if necessary and 

Section 5.2 

Use the lower limit ot u. for 
the rest of the calculation. 

Section 5.3 

calculate a corrected discharqe stack heiqht. t-~~~~,..~~~--' 
Section 5.4 

consider difficult sitinq, 
hiqhly abated discharqes etc. 

sections 6.5 & &.& 

NO 

Increase stack to minimum 
discharqe heiqht requirements. 

YES 

l 
Final discharqe stack 

heiqht has been determined. 

Procedure for Determining Discharge Stack Height 
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4.0 Calculating the Pollution Index 

4.1 Definition of the Pollution Index: 

The Pollution Index is defined as, 

(1) 

Pollution Index, P1 = D x 1000. 
(Gd- Be) 

where, 

Dis the discharge rate of the pollutant, in 
g s-1, 

Gd is the guideline concentration of the 
discharged pollutant, in mg m-3 , and 

B is the background concentration of the 
di~charged pollutant for a particular 
district/area, or its polluting equivalent, 
B . 3 

9
, rn mg m-. 

Note that Pi then has units of m3 s-1. 

The Pollution Index is used subsequently in 
determining the discharge stack height. It may 
need to be modified to account for other nearby 
sources or combinations of emitted pollutants. 
The details of calculating the Pollution Index 
and its modification to deal with these other 
factors are covered in the remainder of section 
4. 

Guideline concentrations are considered in 
detail in section 4.3. 

Background concentrations are considered in 
detail in section 4.4. 

4.2 _Identifying the major pollutant(s) 
and calculating the Pollution Index: 

The major pollutant (or group of pollutants) is 
that which produces the highest value of the 
Pollution Index, singly or in combination as 
appropriate. The discharge stack height is 
normally calculated using this value of the 
Pollution Index. It should then also be adequate 
for effectively dispersing any other pollutants. 

Where there is only a single discharged 
pollutant or a clearly dominant pollutant, 
calculating the Pollution Index will not be a 
difficulty. However, in other cases, where there 
are a number of different pollutants discharged 
or where there are discharges from a number of 
adjacent sources, it may not be so clear. This is 
considered below. 

Where there is a discharge from multiple stacks, 
or from a number of nearby stacks all 
discharging the same pollutant or type of 
pollutant, the combined discharge rate of the 
pollutant from all the sources should be used to 
calculate the Pollution Index. Alternatively, the 
Pollution Indices from the different discharges 
can be summed, the result is the same. The 
definition of 'nearby' stacks and the procedures 
for dealing with them are covered in section 6.4. 

Where a number of different pollutants of 
similar type are discharged together, or from a 
number of nearby sources, it may be necessary 
to consider a combination of pollutants rather 
than a single major pollutant. This is dealt with 
in section 4.5. 

The maximum rate of discharge, based on the 
maximum capacity of the plant, not its normal 
operational load, should be used to calculate the 
Pollution Index. In the case where there are 
multiple units of a similar type, one of which 
only serves as a standby in case of failure, 
consideration may be given to omitting the 
standby from the calculation. In cases of 
combustion plant where there is a standby fuel 
option, the discharge stack height should be 
calculated using the fuel option which produces 
the largest value of the Pollution Index. In plant 
with a wide operational range, part load 
conditions may also need to be considered; this 
is dealt with in section 6.3. With intermittently 
operating plant it may also be necessary to 
consider conditions during start-up or close
down, where pollutant discharge rates may be 
greater than during normal operation. 

For prescribed processes, the relevant Process 
Guidance Note may assist in determining which 
pollutants should be examined, although all the 
discharged pollutants are not always listed. For 
processes prescribed for control under Part I of 
the Environmental Protection Act 1990, 



guidance on emission concentration limits is 
contained in the relevant notes issued by either 
the Chief Inspector , HM Inspectorate of 
Pollution ("IPR" notes) or the Secretary of State 
("PG" notes). In calculating the Pollution Index 
it should normally be assumed that 
concentrations of the emitted pollutants are at 
these limit values. However, if the operator is 
authorised to operate only within lower limit 
values, then those lower values may be used. 

Note that the emission concentration limits in 
the Process Guidance Notes are given at STP, 
that is, 273K and 101.3kPa and at specific 
oxygen levels. In order to calculate the pollutant 
discharge rates, these must be converted to 
pollutant concentrations at the stack discharge 
conditions. This can be done using the 
conversion equations given in Appendix B. 

4.3 Determining the guideline 
concentration for the pollutant 

4.3.1 General 
For the present purposes a guideline 
concentration is one tu which the general 
populace may be safely exposed for continuous 
periods between about five minutes and up to an 
hour and which may be repeated intermittently 
but probably infrequently (that is, for around 
10% of the time at most) in the long term. 
Unfortunately, there is little formal advice on 
guideline concentrations of this sort and no 
formal list of guideline concentrations for this 
purpose, covering the wide range of pollutants 
of interest, is issued in the UK or ratified for use 
in the UK. There are a few pollutants for which 
commonly applied short term guideline 
concentrations have become settled, based upon 
either relatively detailed investigation or upon 
long periods of practical experience. For 

- example;-th-e Memorandum vn -ehimneyH eights--
(Department of the Environment, (1981)) is 
based upon such commonly applied values for 
sulphur dioxide and nitric oxide. In other cases 
it has become common practice to use modified 
values of guideline concentrations set for other 
purposes, particularly occupational exposure 
levels, as yardsticks. In the UK, the main 
document used for this purpose is the List of 
Occupational Exposure Limits issued by the 
Health and Safety Executive (EH40). The 
procedures proposed here follow this common 
practice. 
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4.3.2 Available data on guideline 
concentrations 
Table 1 lists those common pollutants for which 
guideline concentrations could be found for 
short term exposure of the general populace. 
The source of information for the guidelines is 
also indicated. CA refers to commonly applied 
values as described above. EC refers to limits 
set for the European Community. WHO refers to 
values recommended in the recent World Health 
Organisation(l 987) publication, for which short 
term exposure guidelines are offered. In 
addition the EC limit for suspended particulate 
matter is given, though this is a longer tem1 
average (the 95%ile of daily means). There is 
curreutly uu liwil value f01 the smaller, thoracic 
particulate fraction as defined by the ISO/CEN 
(1990) convention (that is, the size fraction with 
a 50% sampling efficiency for particle diameters 
(d50) of IOµm). However, this is currently the 
subject of consideration by the EC. 

4.3.3 Determination of guideline 
concentration 
The following procedure is suggested, where 
specific specialist guidance has not been sought: 

If the pollutant is listed in Table 1, use the 
guideline concentration listed there. 

If the pollutant is not listed in Table 1, use a 
small fraction of the Occupational Exposure 
Limits published by the Health and Safety 
Executive. The level commonly used is one 
fortieth of the Short Term Exposure Limit 
(STEL). If only a Time Weighted Average 
(TWA) is given, then a level of one fortieth of 
the TWA is used. Where the pollutant is 
scheduled under the COSHH regulations and 
has a Maximum Exposure Limit (MEL), then a 
level of one hundredth of the MEL is used. 

-4.3;4-Lead-and other-pollutants-with-longer
term guideline concentrations 
The present document is concerned with short 
term exposure levels and is not therefore strictly 
applicable to pollutants with longer term 
guideline concentrations. An important example 
is lead, for which there is an EC annual limit of 
2µg m-3, but no shorter term limit. The 
document can be used for these materials in two 
ways. Firstly as a method of screening for their 
relative importance when discharged in 
combination with other pollutants. Secondly, as 
a means of finding upper bound chimney 
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heights, which will be effective but higher than 
is necessary. Both uses rely upon the fact that 
annually averaged concentrations are 
significantly lower than short term maxima. The 
second example at the end of the guidance 
shows such an application. 

4.4 Correcting for background 
pollutant levels 

Background levels of some common pollutants 
are sufficiently high to need accounting for in 
determining the effective guideline 
concentration. Table 2 gives a list of 
background concentrations of those common 
pollutants of interest which are regularly 
monitored, with typical upper-bound values for 
different types of district. If, as a result of local 
monitoring exercises, local background levels 
are known more precisely than the typical levels 

given in Table 2, those values should be used 
instead, for determining the effective guideline 
concentrations. If this is done, values close to 
the normal upper bounds should be used. The 
98%iles of the hourly means are recommended 
as these values are in common use as upper 
bounds for other purposes in the air pollution 
field. If there is no significant background 
concentration, Bc is zero. Background 
concentrations of pollutants other than those 
listed in Table 2 can generally be assumed to be 
zero, unless there are significant local sources 
of those pollutants. If the background pollutant 
is the same as the discharged pollutant, then the 
actual concentration of the background 
pollutant, Bc, is used. However, if, as often 
occurs, the background pollutant is different to 
the discharged pollutant but of a similar type, 
then its polluting equivalent concentration to the 
discharged pollutant, Be, must be used instead. 

Table 1: Short Term Ambient Guideline Concentrations in Use for Some Common Pollutants. 

Pollutant Guideline Concentration Source++ 

ppm mg m·3 + 

Sulphur Dioxide 0.17 0.44 CA 

Nitric Oxide 0.83 1.00 CA 

Nitrogen Dioxide 0.10 0.20 EC 

Hydrogen Chloride 0.06 0.10 CA 

Carbon Monoxide 50 57 WHO 

Ozone 0.09 0.18 EC 

Formaldehyde 0.08 0.10 WHO 

Suspended Particulate Matter* 0.30 EC 

+ Converted from ppm at 20°C and 1 atmosphere pressure. 

++ CA = Commonly applied value 
EC = European Community Limit 
WHO = World Health Organisation Guideline 

(see text for further details). 

Current EC limit for suspended particulate matter, 95%ile of daily means. 

The background level of the pollutant should be 
subtracted from the guideline concentration, as 
indicated in Equation (1). This modified 

guideline concentration should then be used for 
calculating the Pollution Index. In the case of 
discharges of combinations of pollutants or of 



different but similar types of pollutant to the 
background pollutant, a more complex 
procedure is required. This is detailed in section 
4.5.4, and demonstrated in the examples. 

The background levels listed for lead in Table 2 
are averages of weekly means, as this is all the 
data that is available. It is not entirely 
appropriate for the present purposes hut can be 
used for upper bound stack height determination 
(see section 4.3.4, above). 

Ozone is included in the list of background 
pollutants because, though it is normally 
considered to be a secondary pollutant, some 
process emissions do contain ozone, usually as a 
by-product of the process, but sometimes 
because it is used directly. The levels listed in 
Table 2 are 98%iles of hourly means. 

Background levels for particles are given both 
for Suspended Particulate Matter and for the 
Lhurncic fraction. The thoracic fraction refers to 
the ISO/CEN ( 1990) size distribution for 
particles smaller than lOµm (Lltat is, with a 50% 
sampling efficiency for particle diameters (d50) 

of 1 O~Lm). Partides oischarged from abated 
plant are most likely to fall within the latter 
category. The values must be considered as very 
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tentative, firstly because of the very limited 
number of sampling sites on which they are 
based (all that could be found) and, secondly, 
because the collection characteristics of most of 
the samplers used for the measurements do not 
satisfy the requisite sampling conventions very 
well. lt can he seen that the value given in Table 
2 for Suspended Particulate Matter in the most 
polluted category is in excess of the current EC 
iimit. Lower background levels may in fact be 
more appropriate for many areas of this sort, but 
it is difficult to justify such lower values without 
more ambient measurements than presently 
exist. 

With the exception of nitric oxide, the gas(.:uus 
pollutants listed in Table 2 are relatively stable 
and are chemically modified over periods of 
days. Pollutant concentrations therefore tend to 
be fairly evenly distributed within a given type 
of district. Nitric oxide, by comparison, has a 
reaction rate constant of the order of 15-30 
minutes for oxioation to nitrogen dioxide. It is 
therefore more strongly dependent upon local 
pollution sources, especially the presence of 
road traffic. Much wider local variations in 
levels of this pollutant may therefore be 
expected. 

Table 2: Typical Background Levels of Common Pollutants. 

Type of District 
so21 

Major city c..e.ntre/heavy 0.16 
industrial area 

Highly developed large 0.12 
urban area 

Urban area of limited size 0.10 
with parkland or largely 
rural surroundings 

Partially developed area 0.07 

Rural area with little 0.05 
development 

1 - 98%ile of hourly means. 
2 - Averaged weekly means. 
3 - Tentative data - see text. 

N01 

0.40 

0.25 

0.15 

0.10 

0.05 

Background Concentrations, mg m-3 

Particulate3 

N021 Ozone 1 Lead2 

Thoracic Suspended 
(d50 =10µm) Particulate 

Matter 

0.17 0.09 0.5x10-3 0.15 0.4 

0.12 0.10 0.25x10·3 0.1 0.2 

0.09 0.11 0.1x1Q-3 0.07 0.1 

0.07 0.13 0.05x1 o-3 0.05 0.07 

0.05 0.15 0.02x10-3 0.03 0.05 
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4.5 Combinations of pollutants 

4.5.1 General 
In some cases there may be a combination of 
similar types of pollutant emitted from a single 
stack, or from a number of stacks either in a 
multiple stack discharge or from stacks in close 
proximity. The question then arises as to 
whether the effects of these similar pollutants 
may be additive, so that the combination of 
pollutants should be considered rather than the 
single major pollutant. There is little formal 
advice on this subject. The HSE's List of 
Occupational Exposure Limits suggests a 
method of assessing combinations of pollutants 
(described as 'Additive Substances'), though it 
does not propose particular groups of pollutants 
which should receive this treatment. A similar 
approach to 'Additive Substances' is adopted 
here. 

4.5.2 Dealing with combinations of 
discharged pollutants 
It is suggested that emissions of different but 
similar types of pollutants are considered in 
combination rather than singly, unless there is 
specific specialised advice to the contrary. 
Examples of such groups are acid gases and 
organic solvents. This is done by calculating the 
Pollution Index for each pollutant in the group 
(after correcting for background concentrations 
if necessary, see section 4.5.4) and adding these 
together to produce a combined Pollution Index 
for the group. This combined Pollution Index is 
then used in calculating the stack height. That is, 

[ 

where Pi(1 ), Pi(2) etc are the Pollution 
indices of the different but similar types 
of pollutants. This combined Pollution 
Index is then used to calculate the 
discharge stack height. The examples at 
the end of this document also show the 
use of this procedure. 

4.5.3 Acid Gases and Nitrogen Oxides 
Discharges of combinations of acid gases occur 
quite commonly from combustion plant, 
incineration and some industrial processes 
(brick manufacture, for example). Such 
discharges should be considered in combination, 

Ill 

as described above. However, emissions of 
nitric oxide, NO, and nitrogen dioxide, N02, 

which are associated with all combustion 
processes, should be excepted from 
combinations of acid gases and treated 
individually as separate pollutants. Nitric oxide, 
NO, is known, from previous detailed 
consideration, to have different physiological 
effects from most acid gases. Nitrogen dioxide, 
N02, is an acid gas with similar effects to the 
other acid gases so there is thus a good case, in 
principle, for its consideration in combination 
with them. However, it is also the subject of a 
specific EC short term exposure limit, noted in 
Table 1, so it should be considered individually. 

4.5.4 Correcting for background 
concentrations of different but similar types 
of pollutant 
Section 4.5.2 describes how discharges of 
different, but similar types of pollutants should 
be combined in calculating the Pollution Index. 
In a similar way, concentrations of different, but 
similar types of background pollutant to the 
discharged pollutant must be accounted for in 
calculating the Pollution Index. Equation (1) 
requires that the concentration of the 
background pollutant be subtracted from the 
guideline concentration of the discharged 
pollutant, but this cannot be done directly for 
dissimilar pollutants. It is first necessary to 
convert the concentration of the background 
pollutant to its polluting equivalent of the 
discharged pollutant. This is done by scaling the 
concentration of the background pollutant by the 
ratio of the guideline concentrations of the 
discharged pollutant to that of the background 
pollutant. That is, the equivalent background 
concentration, Be, for a particular discharged 
pollutant is given by, 

where, 

Be is the actual concentration of the 
background pollutant, 
Gd is the guideline concentration of the 
discharged pollutant, and 
Gb is the guideline concentration of the 
background pollutant. 

(2) 



Since this problem arises mainly with the 
acid gases in relation to existing background 
levels of sulphur dioxide, S02, values of the 
ratios of GjGb are listed in Table 3, for a 
number of commonly discharged acid gases and 
with sulphur dioxide as the background 
pollutant. Because of their individual 
consideration, noted above, nitrogen oxides are 
omitted from the list. 
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Table 3: Values of the Conversion Factor, GJGb* 

(for determining equivalent background 
concentrations of some acid pollutants 
where sulphur dioxide, S02 is the 
background pollutant). 

Discharged GJGb 
Pollutant 

S02 1.00 

HCI 0.23 

HF 0.14 

H~S04 0.06 

HNO:i 0.57 

•See Section 4.5.3 on 'Acid Gases and Nitrogen 
Oxides' 

5~0 Calculating the Discharge Stack Height 

5.1 General 

The discharge stack height is calculated using 
the Pollution Tmiex , P; , as described above, and 
basic information about the discharge and the 
surrounding buildings. There are three stages in 
the procedure. Two uncoITected discharge stack 
heights are calculated, Ub and Um, based upon 
the buoyancy and momentum in the discharge 
respectively. Then a final stack height is 
calculated, coITected for downwash due to 
nearby buildings. 

The following basic information on the stack 
discharge is needed: 

(Note that great precision is not required, an 
accuracy of 10% is sufficient). 

The heat release from the stack, Q, in MW. If 
this is not known, it can be calculated from 
the other data (see Equations 3,4 and 5); 

The temperature of the discharging gases, T ct 

(Kelvin), if the heat release is not known; 

The discharge velocity, w, in m s- 1• Note that 
there are minimum required discharge 
velocities, see section 6.1.1; 

The volume flow rate, V, in m3 s- 1 (at the 
discharge conditions), or the stack diameter, 
d, in m; 

If there is liquid water in droplet form 
present in the discharge, its approximate 
discharge rate, n, in g s- 1; 

If the discharge is not either of combustion 
gases or mostly of air containing a small 
proportion of contaminants, then the density 
of the discharged gases relative to ambient, 
Pctf Pa' or their mean molecular weight m w, 
will be required. 

5.2 Calculating Ub 

5.2.1 General 
The uncorrected discharge stack height, Ub, is 
calculated using the Pollution Index, Pi, and the 
buoyancy of the discharge. For the great 
majority of cases where the discharging gases 
are either of combustion products or are mostly 
of air containing a small proportion of 
contaminants, the buoyancy is given directly by 
the heat released, Q (MW), at the stack exit. 
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The minimum value of heat release for 
calculating Ub is 0.03 MW (30kW). If the heat 
release is less than 0.03MW (30kW), do not 
calculate a value of Ub, pass on to section 5.3 
and calculate only a value of Um. 

5.2.2 Calculating the Heat Release 
Where the heat release, Q, at the stack exit is 
not known directly, it can be determined by the 
most appropriate means outlined below: 

Provided that the discharge is either of 
combustion products or is mostly of air 
containing a small proportion of contaminants 
(the most common circumstances) then the heat 
release, Q, can be found from Fig. 1, which 
gives it as a function of the volume rate of 
discharge and the temperature of the 
discharging gases, Tct (K). Alternatively, it can 
be calculated using, 

(3) 
Q: (MW), 

where, 
V is the total volume rate of discharge of 
gases, in m3s·1, at the discharge 
conditions, and 
Td (K) is the temperature of the 
discharging gases. 

* The ambient temperature is assumed to 
be 10°C (283K). 

In the relatively unusual case where the 
discharging gases are not either combustion 
gases or mostly air containing a small 
proportion of contaminants, the equivalent heat 
release of the buoyant discharge is given by, 

v(1 -~} 
(4) 

Q: 
2.9 

(MW), 

where pd and Pa are respectively the 
densities of the discharging gases (at the 
discharge conditions) and of ambient air. 

I 

l 

l 

I 

Alternatively, if the mean molecular weight, mw, 
of the discharging gases and their temperature 
are known, the equivalent heat release of the 
buoyant discharge is given by, 

v(1- mw 283) 
29 . T 

d 

-----(MW), 
2.9 

(5) 

The calculated heat release should include only 
sensible heat, it should not include the latent 
heat of condensation of any water vapour that 
may be present. If the discharge contains liquid 
water droplets, the calculated heat release 
should be reduced by, 

I 

I 

I 0.0023n (MW), 1 

where n is the rate of discharge of water 
droplets in g s·1. This is the heat loss in 
the discharge due to the loss of the latent 
heat of evaporation of the liquid water. If 
n is less than 13 g s·1 (equivalent to a 
heat loss of 0.03MW), then the heat loss 
may be ignored. 

If the discharging gases are denser than air by 
virtue of a low discharge temperature, a high 
molecular weight, or by the discharge of a large 
amount of liquid water, calculate the equivalent 
heat release (which will be negative), using 
equations 3, 4, or 5, above. If this is between 
zero and -0.03MW (-30kW) do not calculate a 
value of Ub, instead pass on to section 5.3, 
below, and calculate only a value of Um. If the 
equivalent heat release is less than -0.03MW, 
specialist advice should be sought on the 
dispersion of heavier than air gases. The 
Workbook on the Dispersion of Dense Gases 
(Britter and McQuaid, (1988)) may be of 
assistance. Increasing the heat release in the 
discharge may be effective in alleviating 
problems of this sort. 

5.2.3 Calculating Ub 
Ub can be found from Fig 2, which shows it 
plotted as a function of Pi and the heat release. 
Alternatively it can be calculated using, 

I 



(6) 

where, 
for Q ~ 1 MW, a= -1.11 - 0.19.log10Q, 

b = 0.49 + O.OOS.log10Q; 

and 
for Q > 1 MW, a= -0.84-0.1.exp(QD.31), 

b = 0.46 + 0.011.exp(QD.32). 

The limits of application of equation 
(6), for Ub, are: . 

ub ; min 1 m, max 200m. 
Heat release ; min 0.03MW, 

max 100MW. 
P1 ; min 50, max 107• 

5.2.4 Minimum values of Ub 
Note that Fig.2 shows minimum values of Ub 
associated with particular heat releases, 
irrespective of Lhe value of Pi. These override 
lower calculated values of Ub. The minimum 
discharge stack heights can also be calculated 
from, 

if Q ~ 1 MW, then 
minimum ub = 1.95.Q0.19, (7) 

if Q > 1 MW, then 
minimum ub = 1.7 + 0.25.Q0.9. (8) 

The lowest value of Ub for any heat 
release is 1 m. 

Fig. 2 also shows a shaded area for values of Pi 
around 107 and beyond. For discharges of this 
scale, the height of the discharge stack is no 
longer a relevant parameter for pollution 
control, irrespective of the heat release in the 
discharge, except as a means of the discharge 
clearing its immediate surroundings. Pollution 
levels then depend, amongst other things, upon 
the height of the mixing layer and the degree to 
which the discharge plume may penetrate this 
layer. They are controlled by emission limits not 
by discharge stack height. The present 
document is not applicable to this region. 
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5.3 Calculating Um 

5.3.1 General 
The uncorrected discharge stack height Um is 
calculated using the Pollution Index, Pi, and the 
discharge momentum, M. 

5.3.2 Calculating the discharge 
momentum, M 

The discharge momentum, M, is defined as, 

Pd M= -.V.w, 
Pa 

whicf'its equivalent to, 

(9) 

(10) 

where, 

pd and Pa are the densities of the 
discharging gases (at the discharge 
conditions) and the atmosphere, 
·respectively, 

w is the discharge velocity in m s·· 1, 

d is the diameter of the discharge stack 
· in m, 

V is the volume rate of discharge, in 
m3 s·1, at the discharge temperature. 

The discharge momentum then has units 
of m4 s·2. 

Provided that the discharge is of combustion 
products or is mostly air containing a small 
proportion of contaminants, the discharge 
momentum, M, may be found more simply 
from, 

or from, 

283 
M= TY.w, 

d 
(11) 

M- 283 nw2cP (12) 
- T ' 4 ' 

d 

depending upon the information available 
on the discharge. 



( ' 
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Alternatively, the discharge momentum can be 
found with the aid of Fig. 3, which gives it for 
discharges at ambient temperature of air 
containing a small proportion of contaminants 
or for combustion products (or for discharges at 
ambient density otherwise) as a function of 
stack diameter, d, and discharge velocity, w. The 
momentum of discharges at other temperatures 
or densities can be found quickly by using Fig. 
3 to find the value for a discharge at ambient 
temperature (assumed to be 10°C) or density 
and multiplying by the ratio of 
ambient/discharge temperature or density. That 
IS, 

M = M0.(283/T d), or (13) 

(14) 

where M0 is the discharge momentum 
obtained from Fig. 3. 

For the common case of combustion gases 
discharged within the temperature range 100-
1500C, the ambient/discharge temperature or 
density ratio can be taken as 0.7 to adequate 
accuracy. Thus the discharge momentum can be 
found very quickly by taking a value from Fig. 
3 and multiplying by 0.7. 

5.3.3 Calculating Um 
Knowing Mand Pi, the discharge stack height 
Um can be found from Fig. 4, which gives Um 
from Mand Pi. Alternatively, it can be 
calculated using, 

log10Um = x + (y.log10Pi + z)o.s, 

where, x = -3.7 + (log10M)o.9, 

(15) 

y = 5.9 - 0.6241og10M, 

and 
z = 4.24 - 9.71og10M + 1.47(1og10M)2- 0.07(1og10M)3 

The limits of application of Eqn 15, for Um, 
are: 

Um ; Min 1 m, Max 200m. 
Discharge Momentum; Min 
1, Max 2.104• 

Pi; Min 50, Max 107• 

I 

m 
5.3.4 Minimum values of Um 
Note that there are minimum values of Um 
marked on Fig. 4 for particular values of the 
discharge momentum, M, irrespective of the 
value of Pi. These override lower calculated 
values of Um. Minimum discharge stack heights 
can be calculated from, 

I 

minimum Um = 0.82M0·32 (16) 

The lowest value of Um for any value of 
Mis 1m. 

5.4 Calculation of final discharge 
stack height, C, corrected for nearby 
buildings 

5.4.1 General 
The procedure described and the notation used 
here is similar to that used in the earlier(l 981) 
Memorandum, except that it has been modified 
to account for the two different uncorrected 
discharge stack heights, Ub and Um, used in the 
present, more widely applicable, method. 

I 

Notation; I 

U = Uncorrected discharge stack height, 
the lesser of Um or Ub. 

A = Um/Ub. If there is no value of Ub, or if 
Ub > Um, then A = 1. 

H = Building height (measured to the 
ridge or other highest point, ignoring lift 
or tank rooms and other protrusions less 
than 1 % of the roof area). 

B = Building width (measured at right 
angles to a line joining the discharge 
stack and the nearest point). 

K =The lesser of building height (H) or 
building width. 

T = Height of disturbed flow over building 
= H + 1.5K. 

Tm = Maximum T considering all relevant 
buildings. 

I 



Hm = Maximum H considering all relevant 
buildings. 

C = Final corrected discharge stack 
height. 

5.4.2 Determination of Building Height, 
Width and Distance from the Stack 
The general principles of determining building 
height, width and distance from the stack, and of 
dealing with buildings of complex shape, are 
similar to those outlined in the earlier (1981) 
Memorandum. For convenience, two of the 
figures from the Memorandum outlining these 
principles are reproduced again here as Figs S 
and 6. 

5.4.3 Effective Heights and Widths of 
Trees, Lattice Towers and Porous Structures 
Difficulties can sometimes arise in assessing the 
effective height and width of trees and other 
dense foliage, of lattice towers and supporting 
structures and of other porous structures. Trees 
and dense foliage should be taken as having 
their actual height, but an effective width of half 
their actual maximum width. Lattice towers etc., 
and other porous structures should be taken as 
having their actual height, but a width 
equivalent tu Lhe suliJ fraction of the structure. 
Thus, for example, a tower having 20% solidity 
should be taken as having an effective width of 
one fifth of its actual width. 

5.4.4 Discharge stack heights needing a 
building correction 
Note a value for U, which is the smaller of Ub or 
Um. If the buoyancy in the discharge is less than 
0.03MW (30kW) and there is no value of Ub, 
take U as equal to Urn. Consider all buildings 
within a range of sum and note the tallest. If u 
is greater than 21i times the height of the tallest 
building, then there is no building correction 
and U is the value of the final discharge stack 
height, C. 

If U is less than 2Yi times the height of the tallest 
building within a range of sum, then a 
correction to the discharge stack height for 
building effects is required. 

5.4.5 Correction for single, wide buildings 
For the commonly occurring case where there is 
a single dominant building which is wider than 
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it is high, the final discharge stack height, C, is 
given by, 

(17) 
C = H + 0.6{U + (2.5H • U)(1 - A-UIH)} 

If there is no value of Ub, or if Ub > Um, then 
A = 1 and the equation above reduces to 

C = H + 0.6U, (18) 

which is the same as the correction in the 
earlier (1981) Memorandum. 

The builJing height cunecliuu, µlulleJ m; C/H 
against U/H for various values of A, is shown 
graphically in Fig.7. 

5.4.6 Multiple buildings and tall buildings 
In cases other than for single, wide buildings, as 
above: 

1. List all the relevant buildings, that is those 
within a distance of SUrn, and record Hand B 
for each building. 

2. Evaluate K for each building (the lesser of 
Hor B). 

3. Calculate T for each building 
(T = H + 1.SK). 

4. Find Hrn (the largest value of H). 

S. Find Tm (the largest value of T). 

6. If U is greater than T rn' then C = U and no 
correction to the discharge stack height is 
required. 

7. Otherwise calculate the corrected discharge 
stack height, C, using, 

(19) 
C = Hm + (1 - HmfT m)[U + (Tm· U)(1 -A-UiH m)J. 

If there is no value of Ub, or if Ub > Um' 
then A = 1 and the equation above 
reduces to, 

which is the same as the correction in the 
earlier (1981) Memorandum. 
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The building height correction, plotted as C/Hm 
against U/Hm, is shown graphically in Figs. 8, 9, 
and 10 for values of Hflm of 0.6, 0.8 and 0.9. 
Fig. 7 corresponds to a similar plot for Hmff m of 
0.4. The building height correction for 
intermediate values of Hmff m can be found 

6.0 Other Considerations 

6.1 Minimum discharge velocity and 
other stack discharge conditions 

6.1.1 Discharge velocity 
A minimum discharge velocity is required in 
order to prevent the discharged plume suffering 
from aerodynamic downwash and flowing down 
the outside of the discharge stack, thereby 
reducing its effective height. The following 
minimum discharge velocities are 
recommended. Velocities are given for specific 
values of both heat release and discharge 
momentum. Use whichever gives the greater 
velocity. 

For the heat release; 
For a heat release below O.lMW, lOm s- 1 

For a heat release above lMW, 15m s-1 

For a heat release between 0.lMW and lMW, 
pro rata 

For the discharge momentum; 
For a discharge momentum below 10, lOm s-1 

For a discharge momentum above 100, 15m s-1 

For a discharge momentum between 10 and 100, 
pro rata 

6.1.2 Stack Discharge Conditions 
Discharges should be vertically upwards and 
unimpeded by cowls or any other fixture on top 
of the stack. However, the use of coning or of 
flame traps at the tops of stacks is acceptable. In 
the case of discharge stacks (whether single or 
multiple stack) with shrouds or casings around 
the st?-ck(s), the stack(s) alone should extend 
above the shroud or casing. This extension 
should be at least 50% of the shroud or casing's 
greatest lateral dimension. 

6.2 Overriding minimum 
requirements for discharge stack 
heights 

The final corrected discharge stack height may 

by linear interpolation between the figures. 

5.4. 7 Final discharge stack heights 
Calculated discharge stack heights should be 
rounded up to the nearest metre. 

need to be increased to satisfy the requirements 
listed below; 

6.2.1 
Irrespective of the pollutant discharge, there are 
minimum discharge stack heights based on the 
heat release and the discharge momentum. 
These are noted in sections 5.2 and 5.3, and on 
Figs. 2 and 4. 

6.2.2 
No discharge stack should be less than 3m 
above the ground or any adjacent area to which 
there is general access. For example, roof areas 
and elevated walkways. 

6.2.3 
A discharge stack should never be less than the 
calculated uncorrected stack height. 

6.2.4 
A discharge stack should never be less than the 
height of any building within a distance of 5Um. 

6.2.5 
A discharge stack should be at least 3m above 
any opening windows or ventilation air inlets 
within a distance of 5Um. 

6.2.6 
Some Process Guidance Notes recommend 
minimum discharge stack heights, irrespective 
of the scale of the process. These requirements 
should normally override calculations made 
with the present document. 

6.3 Discharge stack heights for plant with 
a high turndown ratio or a wide range of 
discharge conditions 

Some types of plant operate over a high 
turndown ratio or over a wide range of 
throughput, with an associated wide variation in 



the stack discharge conditions. In these cases 
part load conditions may produce the more 
severe pollution problems. This can occur where 
reduced loading is associated with a substantial 
reduction in the heat release or discharge 
momentum. It may then be advisable to 
calculate discharge stack heights at low load as 
well as at maximum capacity. The highest 
calculated discharge stack should be used. 

6.4 Multiple sources, nearby 
sources and combining discharges 

6.4.l General 
It is common to find a number of diffen:nl 
pollutant sources discharged either together 
from a multiple stack discharge or from 
discharge stacks in close proximity. This section 
provides guidance in dealing with these multiple 
emissions. It is assumed in what follows that the 
discharge stacks are of similar heights, which is 
good practice for stacks in close proximity. 
Discharge stacks close together of markedly 
dissimilar heights are only acceptable in 
restricted circumstances. These are considered 
in section 6.4.5. 

For convenience, a summary of the 
rules for combining discharges is given 
in Table 4. 

6.4.2 Multiple-stack discharges 
Dealing with these is quite straightforward, the 
combined emissions being treated as a single 
discharge. The pollutant discharge is treated in 
the same way as with combinations of 
pollutants, described in section 4.S. Values of 
the Pollution Index for the individual discharges 
are added together as appropriate. The heat 
release, Q, and discharge momentum, M, of the 
combined emission is also found by summing 
lhe re pecLive-valueS-for_lhe individuaJ 
discharges. The discharge stack height is 
calculated using these combined values of 
Pollution Index, heat release and discharge 
momentum. 

6.4.3 Discharge stacks in close proximity 
This is defined approximately as stacks within a 
distance U m/2 of one another. If the discharge 
stacks are within a distance of three stack 
diameters of one another, they can be treated as 
a single discharge, as in the case of multiple 
discharge stacks, above. For discharge stacks 
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furlher apart, but within a distance of Um/2, the 
pollutant discharges should be considered as a 
single discharge, values of the Pollution Indices 
for the discharges being added together as 
appropriate. In the same way, the heat release, 
Q, may be considered as a single discharge and 
values for the individual stacks summed. The 
discharge momentum, M, however, should not 
be summed, the individual values of Um should 
be calculated and the largest value of Um used in 
the final stack height calculation. 

6.4.4 Nearby sources 
For discharge stacks at distances between Um/2 
and sum apart, the pollutant discharges should 
he considered as a single discharge, values of 
the Pollution Index for the stacks being added 
together as appropriate. The heat release and the 
discharge momentum shuulc.l be taken 
individually and stack heights calculated on this 
basis. The tallest height calculated should be 
applied to all the discharge stacks unless the 
conditions in 6.4.S, below, are satisfied. 

Discharge stacks at distances beyond 
SU m apart should be treated 
individually. 

6.4.S Discharge stacks of dissimilar heights 
close together 
This is not good practice unless the Pollution 
Index of the lower discharge is small compared 
with that of the higher discharge. As far as the 
lower discharge is concerned, the taller nearby 
discharge stack has the same effect as a tall 
building and should be treated as such. Thus 
low discharge stacks should be at a greater 
distance than 5Um (calculated from the Pollution 
Index of the lower discharge) from taller stacks. 
Even at this distance, there may be localised 
pollution problems due to plume downwash 
when the plume from the lower discharge runs 
into the taller stack. 

6.5 Difficult siting 

6.5.1 General 
Discharge stack heights on some sites may need 
further consideration, despite satisfying the 
building height correction in section 5.4. This 
applies particularly if there are tall buildings in 
the vicinity but beyond the range of sum. 

6.5.2 Courtyard wells and nearly enclosed 
spaces 
Low discharge stacks should not be situated in 
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courtyard wells or in nearly enclosed areas, 
where ventilation rates can be poor, unless the 
pollutant discharge is small. As a rough guide, 
discharges in enclosed spaces less than 20Um 
across and where the building heights are more 
than 20% of the spacing between them should 
be treated with caution. In such circumstances it 
may be better if the discharge is set above the 
surrounding buildings using the building height 
correction in section 5.4. 

6.5.3 Nearby tall buildings 
Buildings taller than the discharge stack but at 

m 
distances beyond sum, may cause plume 
meandering. As a rough guide, any building 
taller than the discharge stack within a distance 
of five building heights may have this effect. In 
these circumstances consideration should be 
given to any problems that might result from 
intermittent plume downdraughts. There may 
also be problems due to the plume running into 
the taller building. 

Particular attention should be given to the 
possibility of contaminating nearby ventilation 
inlets. 

Table 4: Summary of Rules for Combining Discharges from Nearby Stacks. (Section 6.4) 

Spacing Between Pollution Index 
Stacks 

pi 

Spacing< 3d Sum Values 

3d < Spacing < Urr/2 Sum Values 

Urr/2 < Spacing < 5Um Sum Values 

5Um < Spacing Use Individual 
Values 

6.6 Highly abated emissions 

Some plant operates with high levels of 
emission abatement and, as a result, quite low 
discharge stack heights may be calculated for 
the residual pollutant discharge during normal 
operation. In such circumstances consideration 
should be given to three matters, 

1) Whether serious local pollution problems 
might result from occasional malfunction or 
deterioration of the abatement equipment, 
during which period a much larger pollutant 
emission may occur. 

2) Whether some secondary aspect of the 
emission, for example a visible plume due to a 
relatively high water content or a low level of 
residual odour, may in fact be the major 
pollutant rather than the small abated residue of 
what would normally have been the major 
pollutants. 

Heat Release Discharge 
Momentum 

Q M 

Sum Values Sum Values 

Sum Values Use Individual 
Values 

Use Individual Use Individual 
Values Values 

Use Individual Use Individual 
Values Values 

3) Whether, particularly in the case of some 
types of incineration plant, any sort of 
emergency stack is fitted to the plant, which will 
bypass the abatement equipment in the event of 
some sort of plant failure. This would result in 
an unabated emission being discharged. 

In these circumstances an increased discharge 
stack height may be desirable. There is a good 
case for ensuring that stack heights for highly 
abated discharges are sufficient for the discharge 
to pass well clear of its immediate surroundings. 
This would be sufficient to avoid the most 
severe local pollution problems likely to arise. 
To achieve this for wide buildings, the minimum 
required discharge stack height is 1.5 times the 
tallest of the adjacent buildings. Otherwise the 
minimum height should be T + l.SK, as noted in 
section 5.4.4. 
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Appendix B 

Some Conversion Factors 

Length 
inches x 0.0254 
feet x 0.305 

~ metres (m) 
~ metres (m) 

Mass 
lb x 0.454 
lb x 454 

~ kilogramme (kg) 
~ gramme (g) 
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CEN/TC/137 /N69 
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Guidelines for Europe. 
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No. 23. Copenhagen. ISBN 92 890 1114 9. 

Calorific value 
Btu lb-1 x 0.556 
Btu lb-1 x 2326 
kcal kg-1 x 4187 
Btu fr3 x 8.9 
Btu fr3 x 37260 

~ kilocalorie kilogramme·1 (kcal kg-1) 

~ joules kilogramme·1 (J kg-1) 

Energy 
Btu x 1055 
therm x 1055 x 10s 
kcal x 4187 
Joules second·1 

~ Jkg-1 
~ kcal m·3 

~ Jm-3 

Millions of Btu h-1 x 0.293 

~ joules (J) 
~J 

~J 

~ Watts (W) 
~MW 

Mass Flowrate 
lb h-1 x 0.126 
kg h-1 x 0.278 

~ gramme second· 1 (g s·1) 

~ gs·l 
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To convert concentration in ppm to mgm·3, (approximately) 

where, mw is the molecular weight of the pollutant and T (K) is the temperature. Ambient pressure is 
assumed. 

To convert temperature in °C to Kelvin, K 

T (K) = T (°C) + 273 

To convert pollutant concentration, c (mgm-3) at STP, (that is, 273K and 101.3 kPa) and a given 
oxygen content, 0 2(%) to the equivalent value at stack discharge conditions, 

where, d denotes discharge conditions 
s denotes conditions at STP 
H20(d) is the% moisture content in the stack 

Further information can be found in Clayton (1992). 

The discharge rate, D, of the pollutants at stack discharge conditions is then given 
by, 

(V. cd) 
D (gs-1)=--

1000 ' 

where, V is the discharge volume flowrate from the stack. 
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Appendix C 

Examples 

Example 1: Determine the minimum discharge stack height for a cremator installed in an isolated 
building. 

Information Required: 

Building dimensions, 40m x 15m x 12m high to the ridge 
Discharge gas temperature, 200°C (473K) 
Volume discharge rate of gases (dry), 2.68 m3 s-1 at 200°C (473K) 
Gas discharge velocity, 16 m s-1 

Stack oxygen (dry), 18.5% 
Moisture in Discharge 4.0% 

From the Secretary of State's Guidance on CrPmatoria, PG.5/2 (1991) amended in 1992, the emission 
concentration limits for the following arc: 

Hydrogen Chloride (HCI) 
Carbon Monoxide (CO) 
Suspended Particulate Matter (SPM) 

200mg m-3 

lOOmgm-3 

80 mg m-1 

at conditions of S'l'P i.e. 273K, 101.3kPa and 1l % oxygen (dry). 

Maximum discharge rates of other pollutants at discharge conditions are taken to be: 

Sulphur Dioxide 
Nitrogen Dioxide 
Nitric Oxide 

0.160 g s-1 

0.020 g s-1 

0.070 g s-1 

District: A highly developed large urban area is assumed. 

Stack Height Calculation 
1. It is important to note that the emission concentration limits, c, for the pollutants given in the Process 
Guidance Note are at conditions of STP and 11 % oxygen (dry). These must be converted to gas 
concentrations and hence discharge rates at stack discharge conditions. This can be done by using the 
equations in Appendix B, 

where d denotes discharge conditions, 
s denotes conditions at STP, 
H20 is the % moisture content in the stack and 
0 2 is the % oxygen in the stack 

The discharge rate of the pollutants is then given by, 

. (V. Cd) 
Discharge Rate (g s-1) = --

1000 

where V is the discharge volume flowrate. 
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Thus for hydrogen chloride, 

c (HCI) = 200. (273) . ( 100-4) . (20.9 -18.5) = 26.86 mg m-3 
d 473 100 20.9 - 11 

Therefore, 

(2.68 x 26.86) 
Discharge Rate (HC/) = = 0.072 g s-1 

1000 

Similarly, the discharge rates for the other pollutants are, 
Carbon Monoxide (CO) 0.036 g s-1 

Suspended Particulate Matter (SPM) 0.029 g s-1 

2. The guideline concentrations (from Section 4.3.2, Table 1) for the discharged pollutants are as 
follows: 

so2 = 0.44 mg m-3 
N02 = 0.20 mg m-3 

HCl = 0.10 mg m-3 

NO = 1.00 mg m-3 

CO = 57 mgm-3 

SPM = 0.30 mg m-3 

3. Estimated background concentrations, Bc, of the relevant common pollutants (from Section 4.5, 
Table 2) for a highly developed large urban area are as follows: 

so2 = 0.12 mg m-3 
N02 = 0.12 mg m-3 

NO = 0.25 mg m-3 

SPM = 0.20 mg m-3 

The background concentration, Bc, for the acid gas S02 needs to be expressed as an equivalent 
concentration, Be, of the other discharged acid gas, HCl. This can be calculated using Table 3 and 
Equation (2). 

The equivalent background concentration, Be, of HCl corresponding to the existing background 
concentration, BC, of so2 is given by Equation (2), 

B =Bx (Gd) 
e c G 

For a discharge of HCl and a background concentration of S02, 

Thus, the S02 is equivalent to a background concentration of HQl of, 

B/HCl) = 0.12 x 0.23 = 0.028 mg m-3• 
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4. Calculation of the Pollution Index corrected for background levels of pollutants. 

The equation for the Pollution Index (Equation (1)) is given in Section 4.1 as, 

D Pollution Index, P; = X 1000. 
(Gd-BJ 

where, in the case of HCl, Be = Be. 

Thus, 

0.16 3 1 
P; (502) = x 1000 = 500 m s- . 

0.44-0.12 

P.(NO )= O.OZ x 1000=250m3 s-1. 
I 

2 0.2- 0.12 

P; (HG! ) = 0.0?2 x 1000 = 1000 m3 s-1. 

0.1 - 0.028 

P .. (NO) = O.O? x 1000 = 93 m3 s-1. 
l 1.00 - 0.25 

0.036 
P; (CO)= -- x 1000 = 0.63 m3 s·1• 

57-0 

u 03 
P. (SPM) = . x 1000 = 300 m3 s-1• 

l 0.3 - 0.2 

The Pollution Indices for the acid gases (excluding N02 and NO) are summed while the Pollution Indices 
for N02, NO, CO and SPM are considered separately for the reasons given in Section 4.5. 

Therefore, for the acid gases, 

Pi(TOTAL) = Pi(S02) + Pi(HCl) 
= 500+1000. 
= 1500 m3 s·1• 

This value of the Pollution Index is larger than those for N02, NO, CO or SPM. It is , therefore, used for 
determining the discharge stack height. 

5. Calculation of Ub 
Substituting relevant values into Equation (3) from Section 5.2 gives the heat release as, 

2.68 (1 -283
) 

473 
Q = 0.4MW 

2.9 
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The uncorrected discharge stack height due to buoyancy Ub is determined using Equation (6) from 
Section 5.2, 

where, for Q = 0.4 MW, a= -1.03 and 
b = 0.49. 

So, 

Thus, 

The minimum value of Ub required for a heat release of 0.4MW is 1.64 m (from Section 5.2, Equation 
(7)). Thus Ub is taken as 3.4 m. 

6. Calculation of Um 
The discharge momentum, M, is determined using Equation (9) from Section 5.3, 

Therefore, 

283 
M = - x 2.68 x 16 = 25.7 m4 s·2 

473 

The uncorrected chimney height, Um, due to momentum is calculated using Equation (15) from Section 
5.3, 

where, 
x = -2.34, 
y = 5.02 and 
z = -6.71. 

Thus, 1Liu = 5.0 m. 

m 

The minimum value of Um required for a discharge momentum of 25.7 m4 s·1 is 2.3 m (from Section 5.3, 
Equation (16)). Thus Um is taken as 5.0 m. 

7. Calculation of Final Discharge Stack Height, C 
The uncorrected discharge stack heights due to buoyancy and momentum are now used to determine a 
final discharge stack height correcting for the building in which it is to be installed. 

The correction due to single, wide buildings is given by Equation (17) in Section 5.4 as, 

where, 

C = H + 0.6{U + (2.5H - U)(l - A-U/H)}, 

H= 12m, 
U = 3.4 m (the lesser of Ub and Um), and 
A= Um/Ub = 5.0/3.4 = 1.5. 

Therefore, C = 16 m (rounded up to the nearest metre). 

The final discharge stack height required is 16 m ( 4 m above the building). 
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Example 2: Delennine a minimum discharge stack height for a furnace heated by gas oil and used for the 
manufacture of lead glass. 
Information Required: 

Building dimensions 50m X 30m X 20m high 

Discharge gas temperature, 300°C (573K) 
Discharge volume of gases (dry), 6.3 m3 s-1 at 300°C (573K) 
Gas discharge velocity, 15m s-1 

Stack oxygen (dry), 6.7% 
Moisture in Discharge, 8.2% 

From the Secretary of State's Guidance on the Manufacture of Lead Glass, PG 3/4 (1991) the emission 
concentration limits for the following are: 

Hydrogen Pluoride 
Hydrogen Chloride 
Sulphur Dioxide 
Nitrogen Dioxide 
Nitric Oxide 
Lead 

(IIP) 
(HCl) 
(S02) 

(N02) 

(NO) 
(Pb) 

Suspended Particulate Matter (SPM) 

5 mg m-1 

30mgm-3 

750 mg m-3 

240 mg m-3 

960mgm-3 

2mgm-3 

100 mg m-3 

at conditions of STP ie. 273K, 101.3kPa and 8% oxygen (dry). 

District: A heavy industrial area is assumed. 

Stack Height Calculation 
1. It is important to note that the emi · ion concentrarion limit for the pollutants given in th Proces 
Guidance Note are at conditions of STP and 8% oxygen (dry). These must be converted to gas 
concentrations and hence discharge rate at stack discharge conditions. This can be done by using the 
equations in Appendix B, 

where d denotes discharge conditions 
s denotes conditions at STP 
H20 is the % moisture content in the stack 
0 2 is the % oxygen in the stack 

The discharge rate of the pollutants is then given by, 

. (V. cd) 
Discharge Rate (g s-1) = 

1000 

where V is the discharge volume flowrate 

Thus for hydrogen fluoride, 

c (HF)= 5 . (273) . ( 100- 8.2) . (20.9 - 6.7) = 2.41 mg m-3 
d 573 100 20.9 - 8 
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Therefore, 

(6.3 x 2.41) 
Di:scharge Rate (HF)= = 0.015 g s- 1 

1000 

Similarly, the discharge rates for the other pollutants are, 

Hydrogen Chloride 
Sulphur Dioxide 
Nitrogen Dioxide 
Nitric Oxide 
Lead 

(HCl) 
(S02) 

(N02) 

(NO) 
(Pb) 

Suspended Particulate Matter (SPM) 

= 0.091 g s-1 

= 2.275 g s-1 

= 0.728 g s-1 

= 2.910 g s-1 

= 0.006 g s-1 

= 0.310 g s-1 

2. The guideline concentrations (see Section 4.3.2 and Table 1) for the discharged pollutants are as 
follows: 

HF = 0.063 mgm-3 

HCl = 0.10 mgm-3 

so2 = 0.44 mgm-3 

N02 = 0.20 mgm-3 

NO = 1.00 mgm-3 

Pb = 0.0038 mg m-3 

SPM = 0.30 mgm-3 

3. Estimated background concentrations, Bc of common pollutants (from Section 4.5, 
Table 2) for a heavy industrial area are as follows: 

so2 = 0.16 mg m-3 

N02 = 0.17 mg m-3 

NO = 0.40 mg m-3 

Pb = 0.0005 mg m-3 

SPM = 0.40 mg m-3 

The background concentration, Bc, for the acid gas S02 needs to be expressed as an equivalent 
concentration, Be, of the other discharged acid gases (in this case HF and HCl). This can be calculated 
using Table 3 and Equation (2). 

B =Bx (G9 e c ' 
G 

For the background pollutant S02, GctfGb (for HF) = 0.14, and 
GctfGb (for HCl) = 0.23. 

Thus, the S02 is equivalent to a background concentration of HF of, 

Be(HF) = 0.16 X 0.14 = 0.022 mg m-3. 

Similarly, the S02 is equivalent to a background concentration of HCl of, 

Be(HCl) = 0.16 x 0.23 = 0.037 mg m-3. 
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Typical background levels of suspended particulate matter for this type of district are already in excess of 
the guideline concentration. It is likely that local values may in fact be lower for this specific case and 
this could be found by ambient monitoring. Otherwise, either an excessive discharge of SPM must be 
accepted or further particulate abatement would be required. 

4. Calculation of the Pollution Index corrected for background levels of pollutants. 

The equation for the Pollution Index is given in Section 4.1 as, 

D Pollution index, P; = x 1000 
(Gc1-BJ 

where Be= Be for HF and HCL 

Thus, 

P. (HF)= O.OlS x 1000 = 366 m3 s-1• 

I 0.063 - 0.022 

Pi (HCI) = 0.09 l x 1000 = 1444 m3 s-1. 

O. l - 0.037 

P.(SO )= 
2

·
275 x 1000=8125m3 s-1. 

l 
2 0.44-0.16 

P. (NO ) = 0.?2
8 

x 1000 = 24270 m3 s-1. 
l 

2 0.2-0.17 

Pi (NO)= 
2

·
91 

x 1000 = 4850 m3 s-1. 
1.00-0.40 

P (Pb) 0.006 x 1000 = 1820 m3 s-1. 
i = 0.0038 - 0.0005 

The Pollution Indices for the acid gases (excluding N02 and NO) are summed. The Pollution Indices for 
N02, NO and Pb are considered separately for the reasons given in Section 4.5. 

Therefore, 

Pi(TOTAL) = Pi(HF) + P/HCl) + P/S02) 

= 366 + 1444 + 8125 
= 9950 m3 s-1. 

The value of the Pollution Index is greatest for N02. It is, therefore, used for determining the discharge 
stack heights. 
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5. Calculation of U b 

Substituting relevant values in Equation (3) from Section 5.2 gives the heat release as, 

(, _ 283) 
573 

Q= ----- =l.lMW 
2.9 

6.3 

The uncorrected discharge stack height due to buoyancy Uh is determined using Equation (6) from 
Section 5.2. 

Therefore, 

For Q = 1.1 MW, 

So, 

Thus, 

a= -1.12, and 
b = 0.49. 

IIi, = 10.7 m 

This value of Uh is higher than the lower limit of 1.97 m (obtained using Equation (8) from Section 5.2) 
for Q = 1.lMW. Therefore, 10.7 mis used for the rest of the calculation. 

6. Calculation of Um 
The momentum flux, M, is determined using Equation (9) from Section 5.3 to give, 

283 
M-;;:.-x 6.3x 15 = 47 m4 s-1 

573 

The uncorrected chimney height, Um' due to momentum is calculated using Equation ( 15) from Section 
5.3, 

where, 
x = -2.11, 
y = 4.86, and 
z = -8.2. 

So log10Um = -2.11 + (4.86 x log10(24270) - 8.2)0·5. 

Thus, ~ = 32.4 m 

This value of Um is greater than the lower limit of 2.8 m (from Section 5.3, Equation (16)). Therefore, a 
value of 32.4m is used for the rest of the calculation. 

7. Calculation of Final Discharge Stack Height, C 
The uncorrected discharge stack heights due to buoyancy and momentum are now used to determine a 
final discharge stack height correcting for the building in which it is to be installed. 

The correction due to single, wide buildings is given by Equation (17) from Section 5.4 as, 

C = H + 0.6{U + (2.5H • U)(l • A-U/H)}, 

m 



m 
wh~r~. 

Therefore, 
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H=20m, 
U = 10.7 m (the lesser of Ub and Um), and 
A = 32.4/10) = 3.0 

C = 37 ID (to the nearest metre). 

The final discharge stack height required is 37 ID (17 ID above the building). 
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Appendix D Figures 1-10 

Figure 1 Heat Released at Discharge Stack Exit fromTemperature and Discharge Volume. 
For Combustion Products or Contaminated Air. 
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Figure 2 Uncorrected Discharge Stack Height, Ub, from P; and Heat Released at Discharge Stack Exit 
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Figure 3 
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Figure 4 
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Figure 5 Method of Determining Heights and Widths 
of Buildings of Complex Shape 
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Figure 6 Method of Determining Chimney Distance and Building Width 
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Figure 7 Discharge Stack Height Correction for Low, Wide Buildings 
(HmfT m ~ 0.4, Eqn. 17) 
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Figure 8 Discharge Stack Height Correction for Hm!T m = 0.6 (Eqn. 18) 
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Figure 9 Discharge Stack Height Correction for Hm/T m = 0.8 (Eqn. 18) 
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Figure 10 Discharge Stack Height Correction for Hm/T m = 0.9 (Eqn. 18) 
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Appendix E 

Her Majesty's Inspectorate of Pollution and Department 
of the Environment Publications 

Chief Inspector's Guidance Notes 

Industry Sector Guidance Notes 

Guidance Note IPRl Fuel and Power Industry Sector, £4.50 ISBN 
0-11-752408-5 (now out of print, superseded by Process Guidance 
Notes IPRl/1-1/17) 

Guidance Note IPR2 Metal Industry Sector, £4.15 ISBN 0-11-
752409-3 

Guidance Note IPR3 Mineral Industry Sector, £3.80 ISBN 0-11-
752410-7 

Guidance Note IPR4. Chemical Industry Sector, £4.15 ISBN 0-11-
752411-5 

Guidance Note IPR5 Waste Disposal Industry Sector, £3.80 ISBN 
0-11-752412-3 (now out of print, superseded by Process Guidance 
Notes IPR5/l-5/l l) 

Process Guidance Notes 

Fuel and Power Sector 

IPRl/l Combustion Proc~sses. Large Boilers and Furnaces 
50MW(th) and Over, £5.00 ISBN 0-11-752439-5 

IPRl/2 Combustion Processes. Gas Turbines, £4.65 ISBN 0-11-
752569-3 

IPRl/3 Combustion Processes. Compression Ignition Engines 
50MW(th) and Over, £4.65 ISBN 0-11-752570-7 

IPRl/4 Combustion Processes. Waste and Recovered Oil Burners 
3MW(th) and Over, £5.15 ISBN 0-11-752571-5 

IPRl/5 Combustion Processes. Combustion of Solid Fuel 
Manufactured from Municipal Waste in Appliances with a Net 
Rated Thermal Input of 3 Megawatts or More, £5.15 ISBN 0-11-
752572-3 

IPR 1/6 Combustion Processes. Combustion of Fuel Manufactured 
from or Comprised of Tyres, Tyre Rubber or Similar Rubber 
Waste in Appliances with a Net Rated Thermal Input of 3MW or 
More, £4.65 ISBN 0-11-752573-1 

IPRl/7 Combusion Processes. Combustion of Solid Fuel 
Manufactured from or Comprised of Poultry Litter in Appliances 
with a Net Rated Thermal Input of 3MW or More, £4.65 ISBN 0-
1l-752574-X 

IPRl/8 Combustion Processes. Combustion of Solid Fuel which is 
Manufactured from or is Comprised of Wood Waste or Straw in 
Appliances with a Net Rated Thermal Input of 3MW or More, 
£4.65 ISBN 0-11-752575-8 

IPR 1/9 Carbonisation and Associated Processes. Coke 
Manufacture, £5.70 ISBN 0-11-752576-6 

IPRl/10 Carbonisation and Associated Processes. SmolCeless Fuel, 
Activated Carbon and Carbon Black Manufacture, £5.70 ISBN 
0-11 -752577-4 

IPRl/11 Gasification Processes. Gasification of Solid and Liquid 
Feedstocks, £5.15 ISBN 0-11 -752578-2 

IPRl/12 Gasification Processes. Refining of Natural Gas, £5.70 
ISBN 0-11-7 52579-0 

IPRl/13 Gasification Processes. The Refining of Natural Gas at 
Liquefied Natural Gas Sites, £4.30 ISBN 0-11-752580-4 

IPRl/14 Gasification Processes. The Odorising of Natural Gas or 
Liquefied Petroleum Gas, £3.95 ISBN 0-11-752581-2 

IPRl/15 Petroleum Processes. Crude Oil Refineries, £7.50 ISBN 
0-11 -7 52582-0 

IPRl/16 Petroleum Processes. On-Shore Oil Production, £4.65 
ISBN 0-11-752583-9 

IPRl/17 Combustion Processes. Reheat and Heat Treatment 
Furnaces, £4.65 ISBN 0-11 -752584-7 

Waste Disposal and Recycling Sector 

IPR5/l Merchant & In House Chemical Waste Incineration, £5.15 
ISBN 0-11-7 52653-3 

IPR5/2 Clinical Waste Incineration, £5.15 ISBN 0-11-752652-5 

IPR5/3 Municipal Waste Incineration, £5. 70 ISBN 0-11-752649-5 

IPR5/4 Animal Carcass Incineration, £5.15 ISBN 0-11-752654-1 

IPR5/5 The Burning out of Metal Containers, £4.65 ISBN 0-11-
752651-7 

IPR5/6 Making Solid Fuel from Waste, £4.65 ISBN 0-11-752647-
9 

IPR5/7 Cleaning & Regeneration of Carbon, £5.15 ISBN 0-11-
752655-X 

IPR5/8 Recovery of Organic Solvents by Distillation, £5.15 ISBN 
0-11-752645-2 

IPR5/9 Regeneration of Ion Exchange Resins, £4.30 ISBN 0-11-
752650-9 

IPR5/10 Recovery of Oil by Distillation, £5.15 ISBN 0-11-752648 7 

IPR5/l l Sewage Sludge Incineration, £5.15 ISBN 0-11-752646-0 

Mineral Industry Sector 

IPR3/l Cement Manufacture and Associated Processes, £5.70 
ISBN 0-11-752681-9 

IPR3/2 Lime Manufacture and Associated Processes, £5.15 ISBN 
0-11 -752682-7 

IPR3/3 Processes Involving Asbestos, £5 .15 ISBN 0-11-752683-5 

IPR3/4 Glass Fibres & Non-Asbestos Mineral Fibres, £5.15 ISBN 
0-11-752684-3 

IPR3/5 Glass Manufacture and Production. Glass Frit and Enamel 
Frit, £5.15 ISBN 0-11-752685-1 

IPR3/6 Ceramic Processes, £5.15 ISBN 0-11-752686-X 

Chemical Industry Sector 

IPR4/l Petrochemical Processes, £8.50 ISBN 0-11-752738-6 



IPR4/2 Processes for the Production ~nrl l lse of Amines, Nitrites, 
Isocyanates and Pyridines, £9 ISBN 0-1l-752739-4 

IPR4/3 Processes for the Production or Use of Acetylene, 
Aldehydes etc., £8.50 ISBN 0-11-752740-8 

IPR4/4 Processes for the Production or Use of Organic Sulphur 
Compounds, and Production, Use or Recovery of Carbon 
Disulphide, £8.65 ISBN 0-11-752741-6 

IPR4/5 Batch Manufacture of Organic Chemicals in Multipurpose 
Plant, £8 ISBN 
0-11 -752742-4 

IPR4/6 Production and Polymerisation of Organic Monomers, £10 
ISBN 0-11-752743-2 

IPR4/7 Processes for the Manufacture of Organo-Metallic 
Compounds, £7.70 ISBN 0-11-752744-0 

!PR4/8 Pesticide Processes, £7.50 ISBN 0-l l-752 745-9 

IPR4/9 Pharmaceutical Processes, £8.50 ISBN 0-11-752746-7 

IPR4/l 0 Processes for the Manufacture, Use or Release of Oxides 
of Sulphur and the Manufacture, Recovery, Condensation or 
Distillation of Sulphuric Acid or Oleum 

IPR4/l l Processes for the Manufacture or Recovery of Nitric Acid 
and Processes Involving the Manufacture or Release of Acid
forming Oxides of Nitrogen 

!PR4/l 2 Processes for the Sulphonation or Nitration of Organic 
Chtm1i<.:als 

IPR4/13 Processes for the Mauufa<.:Lurt: uf, ur which Use or 
Release Halogens, Mixed Halogen Compounds or 
Oxohalocompounds 

IPR4/14 Processes for the Manufacture of, or which Use or 
Release Hydrogen Halides or any of their Acids 

IPR4/15 Processes for the Halogenation of Organic Chemicals 

IPR4/l 6 Processes for the Manufacture of Chemical Fertilizers or 
their Conversion into Granules 

IPR~/17 Bulle storage installations 

(IPR4/10-l 7 due for publication July 1993) 

Guidance Notes for processes contained in the remaining sectors 
will be published progressively before they become subject to 
integrated pollution control. More details from Room 238 
Lambeth Bridge House, Albert Embankment, London SE! 7SB 
Tel 238 4636 

Protecting Britain's Environment: the work of Her Majesty's 
Inspectorate of Pollution 

Available free of charge from DOE PO Box 151 London EIS 2HF, 
Fax 081 533 1618 

Relevant DOE Publications 

Processes Prescribed for Air Pollution Control by Local 
Authorities: Secretary of State's Guidance 

PGl/1(91) Waste Oil Burners. Less than 0.4MW net rated thermal 
input, £3.40 ISBN 0-11-752407-7 
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PGI/2(91) Waste Oil or Recovered Oil Burners. Less than 3MW 
net rated thermal input, £2.70 ISBN 0-11-752405-0 

PGl/3(91) Boilers and Furnaces. 20-50MW net rated thermal 
input, £2.70 ISBN 0-11-752384-4 

PGI/4(91) Gas Turbines. 20-SOMW net rated thermal input, £2.70 
ISBN 0-11-752392-5 

PG 1/5(91) Compression Ignition Engines. 20-SOMW net rated 
thermal input, £2.70 ISBN 
0-11-752389-5 

PG 1/6(91) Tyre and Rubber Combustion Processes between 0.4 
and 3MW net rated thermal input, £2.70 ISBN 0-11-752404-2 

PG 1/7(91) Straw Combustion Processes between 0.4 and 3M W 
net rated thermal input, £2. 70 ISBN 0-11-752401-8 

PGl/8(91) Wood Combustion Processes between 0.4 and 3MW 
net rated thermal input, f.7..70 TSRN 0-11-752406-9 

PGl/9(91) Poultry Litter Combustion Processes between 0.4 and 
3MW net rated thermal input, £2. 70 ISBN 0-11-752399-2 

PG 1/10(92) Waste Derived Fuel Combustion Processes less than 
3MW, £3.45 ISBN 0-11-752594-4 

PG 1/11(92) Reheat and Heat Treatment Furnaces. 20-SOMW net 
rated thermal input, £2.75 ISBN 0-11-752670-3 

PG2/l (91) Furnaces for the Extraction of Non-ferrous Metal from 
St:rap, £2.70 ISBN 0-11-752398-4 

PG2/2(91) Hot Dip Galvanising Processes, £3.40 ISBN 0-11-
752479-4 

PG2/3(91) Electrical and Rotary Furnaces, £2. 70 ISBN 0-11-
752476-X 

PG2/4(9 l) Iron, Steel and Non-ferrous Metal Foundry Processes, 
£3.30 ISBN 0-11-752478-6 

PG2/5(91) Hot and Cold Blast Cupolas, £2.70 ISBN 0-11-752474-
3 

PG2/6(91) Aluminium and Aluminium Alloy Processes, £2.70 
TSRN 0-11-752467-0 

PG2/7(91) Zinc and Zinc Alloy Processes, £2.70 ISBN 0-11-
752460-3 

PG2/8(91) Copper and Copper Alloy Processes, £2.70 ISBN 0-11-
752473-5 

PG2/9(91) Metal Decontamination Processes, £2.70 ISBN 0-11-
752481-6 

PG3/1(91) Blending, Packing, Loading and Use of Bulk Cement, 
£1.90 ISBN 0-11-752385-2 

PG3/2(91) Manufacture of Heavy Clay Goods and Refractory 
Goods, £2.70 ISBN 0-11-752386-0 

PG3/3(91) Glass (excluding Lead Glass) Manufacturing 
Processes, £2. 70 ISBN 0-11-752394-1 

PG3/4(91) Lead Glass Manufacturing Processes, £2.70 ISBN 0-
11-752393-3 

PG3/5(91) Coal, Coke and Coal Product Processes, £2.70 ISBN 0-
11-752469-7 
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PG 3/6(91) Processes for the Polishing or Etching of Glass or 
Glass Products using Hydrofluoric Acid, £2.70 ISBN 0-11-
752395-X 

PG3/7(91) Exfoliation of Vermiculite and Expansion of Perlite, 
£2. 70 ISBN 0-11-7 52459-X 

PG3/8(91) Quarry Processes including Roadstone Plants and the 
Size Reduction of Bricks, Tiles and Concrete, £3.40 ISBN 0-11-
752463-8 

PG3/9(91) Sand Drying and Cooling, £2.70 ISBN 0-11-752464-6 

PG3/10(91) China and Ball Clay, £2.70 ISBN 
0-11-7 524 70-0 

PG3/11(91) Spray Drying of Ceramic Materials, £2.70 ISBN 0-
11-752468-9 

PG3/12(91) Plaster Processes, £2.70 ISBN 0-11-752458-1 

PG3/13(91) Asbestos Processes, £3.40 ISBN 
0-11-752482-4 

PG3/14(91) Lime Slaking Processes, £1.90 ISBN 0-11-752480-8 

PG5/1 (91) Clinical Waste Incineration Processes under 1 tonne an 
hour (second (revised)) edition, £3.45 ISBN 0-11-752688-6 

PG5/2(91) Crematoria, £2. 70 ISBN 0-11-752390-9 

PG5/3(91) Animal Carcase Incineration Processes under 1 tonne 
an hour, £2.70 ISBN 
0-11-752383-6 

PG5/4(91) General Waste Incineration Processes under 1 tonne an 
hour, £2.70 ISBN 
0-11-752397-6 

PG5/5(91) Sewage Sludge Incineration Processes £2.70 ISBN 0-
11-752400-X 

PG6/1(91) Animal By Product Rendering, £2.70 ISBN 0-11-
752461-1 

PG6/2(91) Manufacture of Timber and Wood-based Products, 
£1.90 ISBN 0-11-752403-4 

PG6/3(91) Chemical Treatment of Timber and Wood-based 
Products, £2. 70 ISBN 0-11-7 52402-6 

PG6/4(91) Processes for the Manufacture of Particleboard and 
Fibreboard, £2.70 ISBN 0-11-752387-9 

PG6/5(91) Maggot Breeding Processes, £3.40 ISBN 0-11-752396-8 

PG6/6(91) Fur Breeding Processes, £2.70 ISBN 0-11-752391-7 

PG6/7(91) Printing and Coating of Metal Packaging, £3.75 ISBN 
0-11-752462-X 

PG6/8(91) Textile and Fabric Coating and Finishing Processes, 
£3.40 ISBN 0-11-752466-2 

PG6/9(91) Manufacture of Coating Powder, £1.90 ISBN 0-11-
752471-9 

PG6/10(92) Coating Manufacturing, £3.45 ISBN 0-11-752595-2 

PG6/l l (92) Manufacture of Printing Ink, £2. 75 ISBN 0-11-
752596-0 

m 
PG6/12(91) Production of Natural Sausage Casings, Tripe, 
Chitterlings and other Boiled Green Offal Products, £1.90 ISBN 0-
11-752465-4 

PG6/13(91) Coil Coating Processes, £3.40 ISBN 0-11-752472-7 

PG6/14(91) Film Coating Processes, £3.40 ISBN 0-11-752477-8 

PG6/15(91) Coating in Drum Manufacturing and Reconditioning 
Processes, £3.75 ISBN 
0-11-752475-1 

PG6/16(92) Printworks, £1.75 ISBN 0-11-752597-9 

PG6/17(92) Printing of Flexible Packaging, £2.75 ISBN 0-11-
752598-7 

PG6/18(92) Paper Coating, £2.75 ISBN 0-11-752599-5 

PG6/19(92) Fish Meal and Fish Oil, £2.75 ISBN 0-11-752600-2 

PG6/20(92) Paint Application in Vehicle Manufacturing, £3.90 
ISBN 0-11-752601-0 

PG6/21(92) Hide and Skin Processes, £2.75 ISBN Q-11-752602-9 

PG6/22(92) Leather Finishing, £2.75 ISBN 
0-11-752603-7 

PG6/23(92) Coating of Metal and Plastic, £4.35 ISBN 0-11-
752604-5 

PG6/24(92) Pet Food Manufacturing, £2. 75 ISBN 0-11-752605-3 

PG6/25(92) Vegetable Oil Extraction and Fat and Oil Refining, 
£2.75 ISBN 0-11-752606-1 

PG6/26(92) Animal Feed Compounding, £2.75 ISBN 0-11-
752607-X 

PG6/27(92) Vegetable Matter Drying, £2. 75 ISBN 0-11-752608-8 

PG6/28(92) Rubber Processes, £3.85 ISBN 
0-11-752609-6 

PG6/29(92) Di-isocyanate Processes, £1.95 ISBN 0-11-752610-X 

PG6/30(92) Production of Compost for Mushrooms, £2.75 ISBN 
0-11-752611-8 

PG6/31(92) Powder Coating (including Sheradizing), £2.75 ISBN 
0-11-752612-6 

PG6/32(92) Adhesive Coating, £4.35 ISBN 
0-11-752613-4 

PG6/33(92) Wood Coating, £3.90 ISBN 0-11-752614-2 

PG6/34(92) Respraying of Road Vehicles, £3.45 ISBN 0-11-
752615-0 

PG6/35(92) Metal and other Thermal Spraying Processes, £2.75 
ISBN 0-11-752616-9 

PG6/36(92) Tobacco Processing, £2.75 ISBN 
0-11-752617-7 

PG6/37(92) Knackers Yards, £1.95 ISBN 0-11-752618-5 

PG6/38(92) Blood Processing, £1.95 ISBN 
0-11-752619-3 



m 
PGG/39(92) Animal By-product Dealers, £1.95 ISBN 0-11-
752620-7 

UG-1May1992 Secretary of State's Guidance
Revisions/Additions to Existing Process and General Guidance 
Notes: No l, £4.35 ISBN 
0-11-752661-4 
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