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BACKGROUND
Firefighting infrastructure, although rarely 
used when compared to infrastructure 
that provides basic services, protects com-
munities from the devastating impacts of 
fires. Sadly, fires have been shown to be 
devastating on many levels, including socio-
economic, financial, environmental and 
fatalities. The Department of Cooperative 
Governance (DCG 2020) estimates that 
R300 million is spent annually in South 
Africa to care for burns from paraffin stove 
incidents, while indirect costs such as lost 
wages, prolonged care for deformities, 
emotional trauma and commitment of fam-
ily resources also contribute to the socio-
economic impacts of fires. In 2021, financial 
losses due to fires in South Africa were 
estimated at R23 billion (Walls et al 2022).

Several agents may be employed to 
extinguish fires, with water being the most 
popular due to several reasons, including 
its ease of availability, its relatively afford-
able cost, and its ability to extinguish most 
types of fires. Unfortunately, increasing 
aridity in many communities is negatively 
impacting the availability of freshwater 

resources, not only for firefighting, but 
more importantly, for meeting basic needs, 
sustaining economic development and 
maintaining environmental flows.

South African municipalities are legally 
obligated to provide water for firefighting 
(DHS 2019), and thus water for firefight-
ing is given equal importance as drinking 
water when designing water networks. 
Water networks are therefore designed for 
both peak water demand plus fire demand, 
and as a result this may increase network 
capacity by as much as 20% (CSIR 2005).

Over the past thirty years, only six 
studies have been published in South 
Africa that analyse in detail, water for 
firefighting in various communities. These 
studies are: Van Zyl and Haarhoff (1997; 
2007), Van Zyl et al (2011), Myburgh and 
Jacobs (2014), Mac Bean and Ilemobade 
(2019), Essack and Ilemobade (2022), and 
Thage and Ilemobade (2023). While these 
studies have been driven by similar objec-
tives, their analyses have not produced 
results that can easily be compared and 
made generic to render firefighting efforts 
more efficient. This paper therefore 
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addresses two objectives: (i) it presents 
the guidelines popularly used to estimate 
water for firefighting in South Africa, and 
compares same with some international 
companions and local firefighting data, and 
(ii) it compares similar data from the six 
studies published in South Africa and dis-
cusses some implications for firefighting.

THE SOUTH AFRICAN 
WATER FOR FIREFIGHTING 
GUIDELINES AND SOME 
INTERNATIONAL COMPANIONS
The South African National Standard speci-
fying water for firefighting in different com-
munities, SANS 10090, is titled Community 
Protection Against Fire (SANS 2018). The 
other well-known guideline specifying water 
for firefighting is called the Red Book and 
is titled The Neighbourhood Planning and 
Design Guide (DHS 2019). When water for 
firefighting values in both guidelines are 
compared (Table 1), the following is evident:
i. Both guidelines present different fire 

risk categories.
ii. The total fire flows in the Red Book are 

lower than the minimum values in the 
SANS 10090 for similar risk categories.

iii. Column 2 presents descriptions for “Fire 
risk categories” and column 3 presents 

descriptions for “Possible fire sizes”, 
both of which are in Table 8 (Minimum 
fire flow) of the SANS 10090. While 
the descriptions for residential users 
(Category D1, D2, D3 and D4) in col-
umns 2 and 3 are aligned, this is not 
the case for non-residential users in 
Categories A, B and C.

iv. Determination of the minimum fire flows 
for Categories C and D1 in SANS 10090 is 
misleading. For example, a residential area 
of conventional construction, where hous-
es are spaced further than 30 m apart, 
would have SANS 10090 specify two min-
imum fire flows of 6 000 ℓpm (Fire risk 
categories, Category C) and 1 900 ℓpm 
(Possible fire sizes, Category D1).

v. Both guidelines only address on-scene 
water for firefighting. On-scene water 
for firefighting refers to fire flow that is 
calculated (using simple, scientifically-
based formulas) at the scene of the fire 
based on fire area or volume. On-scene 
water for firefighting allows firefighters 
on the scene to assess whether they 
need more hose lines or apparatus to 
fight the fire (Benfer & Scheffey 2015).

Benfer and Scheffey (2015) examined several 
fire flow calculation methods from the 
USA, UK, France, Australia, Germany, the 
Netherlands, New Zealand and Canada. 

Eleven of the methods specifically addressed 
pre-incident building planning, and at least 
five addressed on-scene firefighting. The on-
scene firefighting methods were: the Iowa 
State University method, ISU (USA); the 
Illinois Institute of Technology method, IIT 
(USA); the National Fire Academy method, 
NFA (USA); the 3D Firefighting method 
(USA/UK/Australia); and the Thomas, 
Sardqvist and Baldwin methods (UK, UK 
and USA respectively).

The fire flow methods were applied to 
two differently sized non-residential build-
ings and two differently sized single-family 
residential buildings. Their study included 
both sprinklered and non-sprinklered 
calculations. For on-scene firefighting, 
highlights from their study, compared with 
SANS 10090 and the Red Book, were: (i) fire 
flows varied greatly across the countries 
(Figures 1, 2 and 3); (ii) for residential 
buildings, all on-scene firefighting methods 
required the same fire flows irrespective of 
whether the buildings were fitted with or 
without sprinklers (Figure 3); and (iii) the 
appropriate SANS 10090 and the Red Book 
fire flows for non-residential buildings 
(929 m2 and 4 645 m2) are lower than 
most of the average fire flows determined 
by Benfer and Scheffey (2015) (Figures 1 
and 2). For residential buildings, while this 

Table 1 The SANS 10090 (2018) and the Red Book (DHS 2019) fire flow specifications

The SANS 10090 (SANS 2018) The Red Book (DHS 2019)

Fire risk categories Possible fire sizes
Minimum 
fire flow 

(ℓpm)
Risk classification

Total fire 
flow (ℓpm)

A
Central business districts and extensive commercial and 
industrial areas normally found in cities and large towns

Non-residential 
buildings with divisions 

not > 5 000 m2
13 000

High-risk: CBD and high-
risk industrial

6 000

B
Limited central business districts, smaller commercial or 
industrial areas normally associated with small towns and 
decentralised areas, cities and large towns

Non-residential 
buildings with divisions 

not > 2 500 m2 
9 000

Moderate-risk 1: Industrial, 
business, high-rise flats ≥ 

four storeys
3 000

C Residential areas of conventional construction
Non-residential 

buildings with divisions 
not > 1 250 m2 

6 000
Moderate-risk 2: Cluster & 

low-income housing, high- 
rise flats ≤ three storeys

1 500

D1
Rural area of limited buildings and remote from urban 
areas; houses > 30 m apart

Houses > 30 m apart 1 900
Low-risk: Single residential 

housing
900

D2
Rural area of limited buildings and remote from urban 
areas; houses 10.1 m to 30 m apart

Houses 10.1 m to 30 m 
apart

2 850 – –

D3
Rural area of limited buildings and remote from urban 
areas; houses 3 m to 10 m apart

Houses 3 m to 10 m 
apart

3 800 – –

D4
Rural area of limited buildings and remote from urban 
areas; houses < 3 m apart

Houses < 3 m apart 5 700 – –

E

Special risk areas; individual areas requiring a pre-
determined attendance over and above the predominant 
risk category in an area – these include large shopping/
entertainment centres, informal settlements, harbours, 
hospitals, prisons, large airport buildings and 
petrochemical plants

As determined 
by individual risk 

assessment

As determined 
by individual 

risk 
assessment

– –
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observation is similar for the Red Book total 
fire flow for the “Low-risk: Single residential 
housing” category, it is not for the minimum 
fire flow for the SANS 10090 Category C 
(Figure 3). In summary, the comparisons 
shown in Figures 1, 2 and 3 illustrate that, in 
general, the SANS 10090 and the Red Book 
fire flows are lower than the average fire 
flows determined by Benfer and Scheffey 
(2015) for more developed countries.

STUDIES ON WATER FOR 
FIREFIGHTING IN SOUTH AFRICA
Van Zyl and Haarhoff (1997; 2007) investi-
gated fire incidents spanning 1980 to 1991 
within a section of the Central Business 
District (CBD) in the City of Johannesburg 
(CoJ), Gauteng, and a residential area in the 
Province of Mpumalanga. Highlights of 
their study were: (i) extinguishing large fires 
in the CoJ over the 11-year period typically 
took between 30 and 90 minutes, with fire 
flows ranging between 300 and 2 100 ℓpm 
(large fires are fires that require more than 
5 kℓ to extinguish); (ii) 90% of the large 
fires investigated were extinguished using 
fire flows of 3 120 ℓpm or less and 440 kℓ 
of water or less; and (iii) peak consumer 
demands were observed only at small inter-
vals during the year, and usually did not 
coincide with fire events that typically took 
place in mid-winter.

Van Zyl et al (2011) studied water for 
firefighting in the Greater City of Cape 
Town area between 1 January 2005 and 
21 April 2010. Highlights of their study 
include: (i) vegetation fires predominated 
the categories investigated and occurred 
mostly during the summer (no rain) months 
when weather conditions were conducive to 
vegetation fires; and (ii) 98%, 95% and 87% of 
residential, commercial and industrial fires 
respectively were extinguished in 120 min-
utes or less. Industrial fires had the longest 
durations and required the largest volumes 
of water to extinguish, while residential fires 
had the shortest durations and required the 
smallest volumes of water.

Myburgh and Jacobs (2014), employing 
a filtered database containing 554 records 
with water volumes and 546 records with 
computed fire flows from 1 January 2010 to 
31 December 2010, analysed fire incidents 
within five towns (i.e. three municipali-
ties) in the Province of the Western Cape 
(WC). Prior to filtering, the total number of 
records were 2 450. Highlights were: (i) more 
than 90% of fires were extinguished using 
less than 10 kℓ of water while the average 
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Figure 1 Benfer and Scheffey’s (2015) on-scene fire flows for a 929 m2 non-residential building 
compared with the appropriate fire flows in SANS 10090 and the Red Book
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Figure 2  Benfer and Scheffey’s (2015) on-scene fire flows for a 4 645 m2 non-residential building 
compared with the appropriate fire flows in SANS 10090 and the Red Book
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water volume used to extinguish 77 large 
Category 2 (structural and industry) fires 
was 8.60 kℓ; and (ii) 91.4% of the 546 fires 
were extinguished using non- reticulated 
water supplies, i.e. municipal water supply 
was only directly used to extinguish 8.6% 
of the total number of fires and this was 
achieved because fire fighters used the pre-
filled water tanks of emergency vehicles as 
the first line of defence in all fire calls.

Mac Bean and Ilemobade (2019) ana-
lysed about ten years (from 1 January 2006 
to 30 September 2017) of 3 859 billable fire 
incident reports that occurred within the 
CoJ. The initial dataset comprised 4 556 
records. Some highlights of their study were: 
(i) about 75% of fire incidents were extin-
guished using 6.60 kℓ of water or less; 87% of 
fires were extinguished using 10 kℓ of water 
or less, and 99% of fires were extinguished 
using 100 kℓ of water or less; (ii) while the 
frequency of fire occurrence was strongly 
related to weather conditions, the volume 
of water used to extinguish fires was not; 
(iii) fire flows for 99.90% and 99.60% of the 
fire incidents were less than the minimum 
and total fire flows for the lowest fire risk 
categories in SANS 10090 and the Red Book 
respectively; and (iv) the peak of the start 
times of fires did not coincide with the 
typical peak period when residential water 
demand occurred (in fact, the least number 
of fires occurred during the typical peak 
period of residential demand).

Essack and Ilemobade (2022), using 
better representative criteria, re-analysed 

the initial CoJ database employed by 
Mac Bean and Ilemobade (2019), and in 
particular addressed 89 large fires from 
an initial dataset of 4 479 records (span-
ning 24 February 2003 to 26 September 
2017). Some highlights of their study were: 
(i) an average of 32 incidents occurred per 
30-day month, with an increase in the 
average number of fire incidents during 
Johannesburg’s dry and cold months (i.e. 
May to September); the higher average 
number of fires during the cold months 
was attributed to households using unsafe 
appliances for heating and cooking, espe-
cially in informal settlements; and (ii) fire 
flows ranged between 0 and 180 ℓpm. 
With particular reference to large fires, 
additional highlights were: (iii) the duration 
of 60% of the large fires was between 30 
and 120 minutes; (iv) the average volume of 
water employed to extinguish the large fires 
was 9.63 kℓ; (v) the fire flows employed to 
extinguish the 89 large fires were less than 
the minimum and total fire flows for the 
lowest fire risk categories in SANS 10090 
and the Red Book respectively; and (vi) 
municipal water was used to supplement 
water conveyed in the vehicles in about 99% 
of 84 large structural and industry fires.

Thage and Ilemobade (2023) analysed 
3 236 fire incident reports at the Sol Plaatje 
Municipality (SPM) in the Northern Cape 
during the period 21 July 2017 to 27 August 
2020. After filtering, 2 060 reports remained. 
Some highlights of this study were: (i) the 
SPM experienced the highest number of fires 

in its predominant land uses, i.e. open veld 
(bush, grass, vacant/unspecified) and then 
the built environment; (ii) the average fire 
flow employed at the SPM to extinguish each 
category of fire was notably lower than the 
fire flow specified in SANS 10090 and the 
Red Book – this highlight is corroborated by 
the above studies; (iii) the average volume of 
water employed to extinguish all categories 
of fires at the SPM was 6 kℓ or less, with 
93.3% of SPM fires extinguished using 7 kℓ 
of water or less; (iv) the average number of 
fire incidents in SPM peaked during the 
winter (July and August) and early spring 
(September) months. These months experi-
ence the least rain and the highest energy 
(electricity, wood, paraffin) consumption for 
heating and cooking use; (v) while fires in 
the SPM typically occurred between 11h00 
and 20h00, the peak of the start times of 
fires during the course of a typical day was 
observed between 15h00 and 16h00. As a 
result, while the peak of the start times of 
fires and the peak of the residential water 
demand do not coincide in the morning, 
this is not the case in the afternoon; and 
(vi) about 81% of fires were extinguished in 
less than 135 minutes.

COMPARISON OF THE 
HIGHLIGHTS OF THE SOUTH 
AFRICAN STUDIES
A fire incident report (also called fire infor-
mation report form) is a physical document 
that is filled out and typically submitted 
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to emergency services after each fire 
incident attended to by the fire brigade (a 
template is presented in SANS 10090 2018: 
Annexure B.2). Only billable fire incident 
reports were employed in the above studies. 
Billable fire incident reports are incidents 
that the fire department charges (or should 
have charged) the property owner for 
firefighting services rendered and is best 
explained by Sections 10.1 and 10.2 (Fees) 
of the Fire Brigade Services Act No 99 
(Republic of South Africa 1987).

Fire incident reports that were legible, 
correctly completed, and had entries that 
were considered reasonable, were assumed 
to be a true reflection of the fires attended 
to by the emergency services. In the stud-
ies undertaken in the CoJ (Mac Bean & 
Ilemobade 2019; Essack & Ilemobade 2022), 
the five WC towns (Myburgh & Jacobs 
2014), and the SPM (Thage & Ilemobade 
2023), random and difficult-to-understand 
data in some fire incident reports were 
verified with emergency services personnel. 

Typically, on-site calculations, based on 
water meter readings taken from different 
appliances, are carried out to estimate the 
total volume of water released over the 
duration of the incident. These calcula-
tions account for water obtained from fire 
trucks, water tankers and hydrants (Mac 
Bean & Ilemobade 2019). Seeing that physi-
cal records were employed (and still are) 
to capture details of fire incidents in the 
different communities, it is impossible to 
verify that the physical records provided 
represent all the fire incidents that took 
place within those communities.

Figure 4 on page 23 shows average 
fire flows employed to extinguish fires in 
Myburg and Jacobs (2014), Mac Bean and 
Ilemobade (2019), Essack and Ilemobade 
(2022), and Thage and Ilemobade (2023), 
plotted alongside the minimum and total 
fire flows in SANS 10090 and the Red 
Book, respectively. What is plainly obvious 
is that, over the approximately 15 years of 
data spanning 2003 to 2017, the minimum 
and total fire flows in SANS 10090 and the 
Red Book, respectively, are conservative 
(i.e. much higher than actual). Since these 
conservative fire flows must be incorpo-
rated into the design of water networks, 
it is inevitable that larger water network 
components (and consequently, longer 
retention times that negatively impact 
water quality) will result.
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Figure 6 Daily variation of fire start times versus 24-hour demand patterns for a selection of land uses in the Red Book (DHS 2019)
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The average volume of water employed 
to extinguish 77 large structural fires in the 
WC study was 8.60 kℓ (Myburgh & Jacobs 
2014); 75% of fires were extinguished in the 
CoJ using 6.6 kℓ of water or less (Mac Bean & 
Ilemobade 2019); the average volume of water 
employed to extinguish fires in the CoJ was 
9.63 kℓ (Essack & Ilemobade 2022); and 93.3% 
of fires were extinguished in the SPM using 
7 kℓ of water or less (Thage & Ilemobade 
2023). Similarly, in the Davis (2000) study 
in New Zealand, the average volume of 
water used to extinguish 89.5% of 4 336 fire 
incidents was 10.228 kℓ. The implication 
of these results is that a large percentage of 
fires in these studies could be extinguished 
using water conveyed in the tanks of certain 
emergency vehicles employed to extinguish 
fires. For example, some water tankers can 
transport up to 10 kℓ of water.

Figure 5 shows that at the CoJ (Mac 
Bean & Ilemobade 2019; Essack & Ilemobade 
2022) and at the SPM (Thage & Ilemobade 
2023), the frequency of fire incidents 
increases and peaks during the dry months 
(April/May to September) and is the low-
est during the rainy periods (December to 
March). In the WC (Van Zyl et al 2011), 
the rainy months are between March and 
November, and this explains why the chart 

for the WC displays marginally lower 
frequencies between March to October 
when compared with frequencies at other 
times of the year. These results confirm the 
impact dry and/or cold weather has on the 
frequency of fires. It therefore makes sense 
for emergency services to annually plan and 
prepare for increased fire events occurring 
during the dry and/or cold periods.

Figure 6 shows that, while the peak 
of the start times of fires and the peak 
of the typical residential water demands 
(DHS 2019) do not coincide in the morning 
(where the larger of the two residential peak 
demands occur in the diurnal pattern), 
this is not the case in the afternoon, as the 
start times of fires in the CoJ (Mac Bean 
& Ilemobade 2019) and SPM (Thage & 
Ilemobade 2023) peak at 15h00, about an 
hour prior to the afternoon peak demand. 
This is likely because heating (during the 
dry and cold months) and cooking facilities 
are mostly employed in the afternoons when 
children/families start to arrive home from 
school/work. The peaks of the start times 
for the commercial/business/industrial 
water demands also do not coincide with 
the peaks of the start times of fires.

Figure 7 shows the frequency distribu-
tion of the duration of large fires at the CoJ 

(Van Zyl & Haarhoff 1997, 2007; Essack & 
Ilemobade 2022) and at the SPM (Thage & 
Ilemobade 2023). In the three studies, more 
than 60% of the large fires were extin-
guished between 30 and 120 minutes, while 
in the CoJ, Essack and Ilemobade reported 
that ~20% of large fires were extinguished 
between 120 and 165 minutes.

CONCLUSION
This paper addressed two objectives. Each 
objective, and key highlights from address-
ing each, are presented below:

Objective 1:  
To present the SANS 10090 (SANS 2018) 
and the Red Book (DHS 2019) 
guidelines for estimating water for 
firefighting in South Africa, and to 
compare same with some international 
companions and local firefighting data.

Key highlights:
i. The fire risk categories and fire flows in 

SANS 10090 and the Red Book are not 
aligned and are contradictory in one 
instance. It is imperative therefore that 
this misalignment is speedily resolved 
to prevent the haphazard selection of 

Figure 7 Distribution of fire durations

at CoJ for large fires (Van Zyl & Haarhoff 1997; 2007)
at SPM for large structural and industry fires (Thage & Ilemobade 2023)
at CoJ for large structural and industry fires (Essack & Ilemobade 2022)
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fire flows from either guideline during 
water network design.

ii. Minimum and total fire flows in SANS 
10090 and the Red Book are conserva-
tive (i.e. much larger than the average 
fire flows employed to extinguish 
fires in the six studies reviewed) and 
therefore do not promote the optimal 
design of water networks. For SANS 
10090 this may be attributed to the fact 
that the fire flows in the first edition 
were likely over-estimated for South 
Africa since they were compiled with 
the assistance of organisations from 
the United Kingdom, United States of 
America, Canada, New Zealand and 
Germany, and have not notably changed 
since then. For the Red Book, while fire 
flows were recently revised, the empiri-
cal data presented in this paper shows 
that these values are still conservative. 
While adequate fire protection must be 
provided to communities, it is recom-
mended that the current fire flows be 
reduced in light of dire water scarcity 
and the need to design optimal water 
networks.

Objective 2: 
To compare data from the six studies 
published in South Africa and to 
discuss implications for firefighting.

Key highlights:
i. In four of the six studies, the typical 

duration of fires did not exceed 120 
minutes.

ii. The volume of water employed to extin-
guish 90%, 87% and 96% of fires in five 
towns in the WC, the CoJ and the SPM 
respectively, was 10 kℓ or less. These 
results are especially important for 
developed communities that experience 
sub-optimal and/or erratic municipal 
water supply, as the possession of func-
tional fire engines that can convey at 
least 10 kℓ of water to site will result in 
extinguishing a significant percentage 
of fires in these communities.

iii. The frequencies of fires are related 
to weather conditions, with a higher 

number of fires occurring during the 
cold and dry months.

iv. Since there is a legal requirement to 
design water networks to cater for both 
peak and fire demand, further research 
into this aspect is necessary. If empiri-
cal firefighting data in other communi-
ties is similar to that shown in Figure 6 
for the CoJ and SPM, this may provide 
additional evidence for reducing the 
peak factor employed in water network 
design.
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