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This study presents an in-depth analysis of the impact of meteorological conditions (temperature, hu-
midity, and wind speed) on the effect distance, represented here by the thermal radiation flux generated
by a tank fire at the condensate terminal of the Western Regional Pipeline Transport Directorate (RTO),
which is located in the Arzew industrial zone and operated by Sonatrach Oil Company Major. The
meteorological data used, covering the period from 2019 to 2024 (15,000 data points), were analysed
by using advanced statistical techniques and predictive models to provide accurate and reliable insights.
The results indicate that the view factor is the most influential variable affecting the thermal radia-
tion flux, which plays a critical role in determining the impact distance, accounting for 94.97% of the
variance in the multiple regression model. Wind speed and inclination angle have a moderate impact,
approximately 1.8% and 1.3% respectively, while other variables such as temperature, humidity, and
emissivity have a negligible effect (1.3x107%, 0.3% and 0% respectively).

Correlation analysis between the studied parameters and the thermal flux reveals strong positive corre-
lations for the factor view and the inclination angle, with coefficients of 0.995 and 0.625, respectively,
moderate values for wind speed (0.371) and atmospheric transmissivity (0.0186) and negligible val-
ues for temperature, humidity, emissivity and flame height. Finally, the multiple regression model
demonstrates excellent performance with an R? value of 0.9996. Moreover, the very low standard error
(0.0376), the high F-statistic (5,646,171.787) and a p-value of 0 confirm the model’s high precision and
strong statistical significance.

1. Introduction.

The determination of effect distances associated with ther-
mal fluxes emitted by pool fires of flammable liquids is a mul-
tidisciplinary issue that requires combining knowledge in ther-
modynamics, fluid mechanics, and numerical modelling.

The statistical analysis of the impact of meteorological con-
ditions (temperature, wind speed, and air humidity) on ther-

mal flux (directly) and on effect distance (indirectly), is crucial
for understanding the interactions between these variables and
the thermal flux, as well as for developing a reliable predictive
model.

In this context, several studies have been carried out:

Samia Chettouh et al. (2016) [1] conducted a statistical
study on accidents at the Skikda refinery during the period 2002—
2013. The authors collected data on 44 accidents: fires (50%),
explosions (20%), toxic product leaks (18%), electrical failures
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(4%), and others (8%). The years 2004 and 2005 were particu-
larly marked by major incidents, and the frequency of accidents
increased progressively from 2008 to 2013. These accidents
were largely related to natural gas production (14%), crude oil
(18%), heavy and light petroleum products (naphtha 11%, bitu-
men 7%, gas oil 11%, condensate 7%), natural gas liquefaction
(3%), hydrogen (11%), hydrochloric acid (4%) and other prod-
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ucts (7%).SM Tauseef et al. (2018) [2] investigated 28 major
fire/explosion accidents at flammable liquid storage tank farms
that occurred worldwide between 1995 and 2015.

The results showed that although industries often comply
with tank-to-tank separation standards, many accidents rapidly
spread to nearby tanks despite these “safe” distances. The causes

included flammable vapour or liquid leaks (32%), lightning (21%),

earthquakes (7%), explosions (14%), mechanical failures, hu-
man errors, and terrorist attacks (4%).The OISD-118, KLM,
and HSG-176 standards applied in the study provided more re-
alistic separation distances compared to those actually observed
in accidents. The NFPA 30 Code (2024) [3] recommends safe
separation distances between tanks to prevent fire or explosion
risks. However, the actual separation distances during incidents
were 2 to 4 times greater than the NFPA 30 recommendations
in other words, the actual distances were only Y2 to %4 of those
suggested by the code. This suggests that the NFPA 30 recom-
mended distances might be insufficient to prevent certain ac-
cidents, since even larger distances did not prevent incidents.
There may be a need to reassess or strengthen safety standards
to better account for real-world scenarios or additional risk fac-
tors. Yasushi Oka et al. (2008) [4] explored the relationship
between temperature rise and wind speed along the axis of an
inclined fire plume. The study was conducted through experi-
ments using a single fire source (a circular propane burner with
a 0.2 m diameter) under crosswind conditions. Temperature and
velocity were measured along the inclined fire plume axis and
compared to calm conditions (no wind).

An empirical formula was developed to predict the speed of
the inclined flame along the plume axis as a function of temper-
ature rise and crosswind velocity. The results show good agree-
ment between measured and calculated velocities, although some
deviations occurred near the flame source. The formula is use-
ful for estimating inclined flame plume velocity both with and
without crosswinds.

S. Vasanth et al. (2014) [5] investigated Multiple Pool Fires
(MPF), a phenomenon where two or more pool fires interact due
to their proximity. Although common in chemical industries,
MPFs have been underexplored.

Controlled experiments, mostly at small scale using CFD
models, show that flames from nearby pool fires interact, re-
sulting in increased flame height and enhanced thermal radia-
tion compared to isolated fires. The burning rate increases due
to thermal feedback between flames. When close enough, sep-
arate pool fires can merge into a single large flame.

Wang Wen-he et al. (2013) [6] conducted a numerical simu-
lation of the thermal radiation field from a large-capacity crude
oil storage tank fire. The aim is to analyse the characteristics
of thermal radiation and assess fire and explosion risks for ad-
jacent tanks. Using an empirical correlation, the flame height is
calculated to be 75 m for an 80 m diameter tank. The simula-
tion area had a radius of 300 m and a height of 171.8 m based
on the safe distance needed to protect humans from a heat flux
of 1255.2 W/m?.

The study found that radiation intensity is highest near the
flame and decreases with distance. Incident radiation intensity
exceeded 200 kW/m? within 200 m of the flame center and

dropped to 100 kW/m? at 250 m. Radiation is weaker at ground
level than above the tank opening. In terms of risk, thermal radi-
ation intensity ranged from 400 to 1000 kW/m? within a radius
of 72 to 152 m, which could cause fires or explosions in nearby
tanks if cooling measures are not promptly implemented.

S. Suard et al. (2013) [7] worked on predictive simulations
of hydrocarbon fires in open and confined environments using
the ISIS CFD Code. The main goal was to predict fuel mass
flow rate under various configurations considering interactions
between fuel and ambient gases.

The model is validated using heptane flames for three pool
diameters (30, 60, and 100 cm) in open conditions. The study
also show that reduced oxygen concentration significantly af-
fects fuel mass flow. Results are compared with Peatross and
Beyler’s correlation, showing a nearly linear decrease in mass
flow with oxygen reduction. Additional simulations of dode-
cane fires in mechanically ventilated compartments confirmed
the model’s ability to reproduce the fuel flow reduction when
combustion products accumulate.

Sung-Kyu Lee and Jae-Yong Lim [8] study the impact of
thermal radiation on weather patterns and the placement of flam-
mable liquid storage tank. In reality, the regulation imposes
separation lengths between tanks in order to prevent the cas-
cading effect of fires. Although thermal radiation may be the
cause of this effect, it must be carefully considered in the cur-
rent Korean regulations. This study looks at three cases, two of
which are based on weather conditions and one on a regulation.
Risk analysis and assessment are calculated ALOHA program.
Tank-farm configurations are resulting through the application
of an optimization technique.

J. R. Welker et al. [9] investigated the effect of wind on the
shape and tilt of diffusion flames particularly natural gas and
liquid pool flames. The study proposed a correlation linking
tilt angle (0) to wind speed (u), flame diameter (D), and drag
coefficient (Cf). It is based on experiments in a low-speed wind
tunnel.

The correlation proved valid for natural gas flames, but chal-
lenges arose with liquid pool flames (e.g., hexane), due to their
elliptical flame base and non-uniform tilt. While the correlation
works well for natural gas, more complex modelling is needed
for liquid flames due to their irregular geometry.

These findings are valuable for predicting fire hazards and
designing safety measures especially in wind-affected environ-
ments.

The motivation for our study emerged from several ma-
jor pool fire accidents that occurred at Sonatrach industrial fa-
cilities, particularly the Skikda industrial zone on 07/08/2013
(crude oil storage tank, RTO [10]).

Our approach involves a combination of statistical techniques,
including descriptive analyses, correlation analyses, and predic-
tive models such as multiple regression, Random Forest, and
polynomial modelling to analyse and discuss potential correla-
tions between meteorological conditions and thermal flux gen-
erated by a fire.

For this purpose, we exploited 17,000 data points collected
over the past five years (note: 15,000 points are referenced in
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the abstract, which refers to the filtered dataset after process-
ing).

2. Description of the Facility and Immediate Environment.

The TNZI1 (Terminal Condensate Arzew), the subject of this
study, covers a total area of 52 hectares. It is part of the RTO
(Western Transport Region) located in Arzew, 35 km north-
northeast of the city of Oran, and belongs to the TRC (Pipeline
Transport) activity of the SONATRACH group.

This terminal includes seven floating roof tanks, whose char-
acteristics are summarized in Table 1.

Table 1: Characteristics of the condensate storage tanks.

. . Tank Bowl
Tank Dm(::;;ter H[E:E)ht wi]:toi‘;;:n) “'Ii_:l];lgzi) Volume| Volume
(m*) (m)
R-851-852 57 15 112 153 38000 44125
R-853 57 15 108 153 38000 38000
R-854-855 67 17 160 220 60000 72265
R-856-850 67 17 109 241 B0000 52538
R-860-861 67 17 100 215 60000 79550

Source: Authors.

Figure 1: Site layout of the NZ1 terminal platform.

Source: Authors.

3. Methodology.

3.1. Collection and Exploration of Meteorological Data.

To carry out this study, we collected nearly 17,000 values
(precisely 16,990) of meteorological data (temperature, wind
speed, and air humidity) from the past six years (from January
1, 2019, to December 31, 2024) for the Arzew region, where the
facility is located [11]. After checking for missing values, input
errors, and unrecorded data from the National Meteorological
Office (ONM), we retained 15,489 valid data points.

3.2. Calculation of Thermal Flux.

Microsoft Excel is the main tool used in this study to high-
light correlations between different parameters and potential
predictions.

The thermal flux associated with a tank fire, at thresholds of
3 and 5 kW/m?, is calculated using the following relationship
[12]:

D=0y F(r)-I'(r)

However, the parameters mentioned below are not directly
part of the above equation:

e @y (kW/m?): Emissive power

e I'(r):Atmospheric transmissivity
e Lf (m):Flame length

o Fr: Froude number

e Re: Reynolds number

e 0: Inclination angle

o Fv: Vertical view factor

e Fz: Horizontal view factor

F:View factor

® (kW/m?): Thermal flux

The emissive power @ is evaluated using the Mudan and
Croce correlation [12]. This approach is based on data from
tests conducted on fires ranging from 1 m to 80 m in diameter
with various hydrocarbons (diesel, kerosene, and JP-5).

The emissive power of the flame is given by the following equa-
tion:

(DO = 20000 + 1200008*0.12 Deq
Where:

e Deq: The only variable in the formula, representing the
equivalent diameter of the burning surface.

This correlation by Mudan and Croce is widely used in:

e TNO models,
e FRED software (Shell),
e UFIP, and

e PHAST (DNV).
The view factor F is determined based on:

e The dimensions and shape of the flame,

o The position and orientation of the target relative to the
flame.
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The cylindrical view factor derived from Mudan’s work on
flames modelled as an inclined cylinder (for wind speeds above
1 m/s) depends on:

e The equivalent diameter and flame length,
e The distance r between the flame and the target,

e As well as the inclination angle & of the flame.

Fu=F2+F2

With:
P hcos & .h2+(S+1)2—ZS(1+hsin§)
T S Thsing VAB
- tan-! \/g s -1\
MANVBs+1
cos¢ [ _(hS —(SZ—1)sing _if 82 =1Dsing
+% [tan (7(52_1)0-5\/6 )+tan 7(5‘2_1)0-5\/6
3 hcosé tan-! 5 -1\
S —hsing ° s+1)
nFH:tan_l[ Sti]
_h2+(S+1)2—2(S+1+hsin§)t ,1\/Z S -1
VAB MANB Vs+1
| sing [tan_](hs —(s2- 1)sin§)+tan_][ Vs2 -1 sing]]
' VSZ-1+C vC
With:
e h=L/R
e S=(r+R)/R
e R =Deq/2

A=h%+ (S+1)> =2 h (S+1) sin &
B=h?+(S-1)> =2 h(S-1) sin &

C=1+(8%-1) cos’¢

Deq: Equivalent diameter of the burning pool (circular fire).

Lf: Flame length or height (L)C: Flame tilt angle

The flame length Lis calculated under wind conditions > 1
m/s using Thomas’ correlation.The tilt angle € is determined
using the Welker and Sliepcevich correlation, with:
ul

Deq.g

Deq.uy. pair
Re: Reynolds number R, = %

Fr: Froude number F, =

® pyp: Specific mass of the product in vapour phase at its
boiling temperature (2.56 kg/m? for gasoline)

e pair: Air density: 1.161 kg/m?
e uair: Dynamic viscosity of ambient air (1.9 X 107 kg:-m~1-s71)

Atmospheric transmissivity, which accounts for distance and
humidity, is calculated using Bagster’s correlation [11]:

T, =202 (HR - Tyapunoy - 1) "%

3.3. Statistical Analysis and Modelling.

To visualize data distribution, descriptive statistical calcu-
lations (mean, median, standard deviation, variance, etc.) and
representative graphs (histograms, scatter plots, etc.) were per-
formed. The dispersion of the data is measured by variance
and standard deviation. Correlation coefficients are calculated
to assess the relationships between different variables.

Linear and non-linear correlation studies are performed us-
ing multiple regression analysis, which also serves as the basis
for predictive modelling.

3.4. Validation.
Modelling results were validated using cross-validation meth-

ods. The performance of the model is assessed through analysis
of Mean Squared Error (MSE).

4. Results and Discussion.

4.1. Calculation of Central Tendency Measures.
Trends for the various meteorological parameters are sum-
marized in Table 2.

Table 2: Measures of Central Tendency and Dispersion.

Temperature | Wind Speed | Humidity | Emissive Power Atmospheric View

°C) (my/s) (%) (KW/m?) Transmissivity () | Factor
Mean 20.06 15.84 75 20,13 0.159 235
Error 529 9,61 12.67 1,2577E-12 0.0044 0.59
Minimum 48 0.79 0.5 2013 0.155 0.49
Maximum 435 216 100 2013 0.249 2066

Source: Authors.

According to Table 2:

o Temperature: The recorded mean temperature is around
20.06°C. The standard deviation of 5.29 indicates mod-
erate variability around the mean, reflecting seasonal or
daily fluctuations. The minimum likely corresponds to
cold conditions, while the maximum reflects extreme heat
conditions.

o Wind Speed: The average wind speed is approximately
15.84 m/s (~57 km/h), indicating relatively strong winds.
The standard deviation of 9.61 shows significant variabil-
ity, with possible extremes ranging from calm to very vi-
olent winds. The maximum value of 216 m/s appears
abnormally high and physically implausible (exceeding
the most violent recorded tornadoes) suggesting a mea-
surement or input error.

o Humidity: The recorded average humidity is 75%, a high
value typical of coastal and humid climates where the air
contains substantial water vapour. However, the standard
deviation of 12.67 shows notable variability, alternating
between dry and very humid conditions. The range spans
from a minimum of 0.5% (exceptionally dry similar to
desert or high-altitude air) to a maximum of 100% typi-
cal of saturated air during fog, rain, or condensation.
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e Emissive Power: The average emissive power is 20.13
kW/m?, an extremely high value with a near-zero stan-
dard deviation (1.2577 x107'? corresponding to a high-
intensity heat source typical of a tank fire. The identical
minimum and maximum values suggest a large fire sur-
face area with a consistent radiative output.

o Atmospheric Transmissivity: The average transmissiv-
ity is 0.159 indicating a very opaque atmosphere. This
low transmissivity can be attributed to persistent clouds,
fog, or pollution, severely limiting thermal radiation trans-
mission. The very low standard deviation (0.0044) sug-
gests stable climatic conditions where atmospheric opac-
ity is a consistent feature. The range between 0.155 and
0.249 supports the hypothesis of an environment satu-
rated with aerosols, smoke or moisture obstructing radia-
tive transfer.

e View Factor: The average view factor is 2.35, with a
maximum of 20.66, highlighting the extreme radiative in-
tensity of the thermal event. The standard deviation of
0.59 indicates high variability, influenced by:

— The large surface area of the storage tank (expan-
sive radiative source)

— The tall, intense flames from condensate combus-
tion

— Thermal reflections from surrounding metallic struc-
tures

These factors amplify perceived radiation and underline the
radiative hazard to personnel.

These measurements clearly reflect the exceptional inten-
sity of a fire involving large-capacity hydrocarbon storage tanks.
The analysis underscores the need to adapt classical theoretical
models to extreme scenarios, encountered in major industrial
accidents such as the case studied here.

4.2. Evaluation of Parameter Distributions.

Figure 2: Temperature distribution over the past six years.
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Source: Authors.

The results suggest high variability with an asymmetric dis-
tribution, indicated by a major peak around 15.81°C (with a
very high frequency of 460) and several less pronounced peaks
on the right. Peaks with frequencies above 30 are rare.

This indicates a positive skew, most data points are con-
centrated on the lower end (left side) with a few extreme high
values on the right tail. Such a distribution does not follow a
normal (Gaussian) law due to marked asymmetry.

Figure 3: Frequency distribution of humidity.
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The distribution reveals prominent peaks and troughs, with
several local maxima. The main value is observed between
0.733 and 0.741, totalling 2608 observations. Other noticeable
peaks are spread across three intervals:

e From 0.44 to 0.47 (52-53 observations),
e From 0.55 to 0.63 (82—-157 observations),

e From 0.82 to 0.83 (552—-625 observations).

The observed asymmetry is complexed with a dominant ex-
treme peak at 0.733, and data voids (zero frequencies) within
intervals such as (0.021 to 0.037) and (0.498 to 0.507). This
indicates a non-normal, multimodal distribution.

Figure 4: Distribution of wind speed, featuring a multimodal
structure (multiple distinct peaks) and frequencies ranging from
0 to 2673 observations.
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While the distribution extends up to 216 m/s, these extreme
values are associated with very low frequencies and scattered
intervals. In the 0-10 m/s range, two significant peaks occur at:

e 4.29 m/s (1065 observations)

e 7.79 m/s (1993 observations)

In the 10-20 m/s range, two other major peaks appear at:
e 11.29 m/s (2278 observations)

e 16.54 m/s (2673 observations)

Beyond 50 m/s, frequencies remain low and do not exceed
188. This reflects a complex, multimodal structure, with sev-
eral sharp peaks, irregular decay toward higher values, and data
voids suggesting threshold effects. Such a distribution requires
advanced modelling adapted to multimodality.

Figure 5: Distribution of atmospheric transmissivity.
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High frequencies are concentrated in the ranges:
e 2613 observations between 0.1574 and 0.1589
e 3729 observations between 0.1597 and 0.1605

The concentration of data in specific intervals suggests an
asymmetric and multimodal distribution.

Figure 6: Distribution of the view factor.
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Most of the domain corresponds to zero frequencies, except
for a few significant peaks, notably:

e 2675 observations (2.460 to 2.624)

e 2322 observations (2.296 to 2.460)

e 2004 observations (3.444 to 3.608)

e 2278 observations (2.788 to 2.952)

These results describe an asymmetric and plurimodal distri-
bution, requiring an appropriate modelling approach.

Figure 7: Distribution of heat flux, exhibiting multiple distinct
peaks separated by null-frequency zones, clearly indicating a
multimodal phenomenon.
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The highest frequencies include:

e 1024 observations (4.215 to 4.749)

e 2641 observations (6.885 to 7.953)

e 2285 observations (9.021 to 9.555)

e 1675 observations (14.362 to 14.896)

4.3. Correlation Analysis.

B Frequency

Table 3 presents the correlation matrix between various
variables, including:

e Temperature (°C)

Wind speed (m/s)

Emissive power (kW/m?)
Atmospheric transmissivity ()
Flame length (m)

Tilt angle

View factor

Heat flux
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Table 3: Correlation matrix.

T Hum | vvent 30 ., L Tilt . s
C) (%) (m/s) | KWim?) N (m) Angle
Temperature (*C) 1 0,139 | 0089 |177E-14| 0113 | -0151 | 0109 | -0,0065 | 0,00548
Humidity (%) | -0,139 1 0,124 |323B-13| 0,796 | 0.1068 | -0,0395 | 0,0479 | -0,0317

‘Wind Speed (m/s) | 0.089 -0,124 1 340E-14| 0132 -0.835 0.267 -0.381 -0.371

Emissive Power

EWim?) 1,77E-14 | -3,23E-13| 3 40E-14 1

-5,08E-13 | -7,41E-13 | -4,00E-12| 1,38E-13 | -8,36E-16

Transmissivity

Atmospheric { 0,113 -0,796 0,132

-5,08E-13 1 -0,0939 | 00132 | -0,0682 | 0,0186

Flame Length L; (m)| -0.151 0,1068 -0.835 | -7.41E-13| -0,0939 1 -0,593 0,183 0,175

Tilt angle (6) 0,109 -0,0395 | 00267 |-4.00E-12| 0,0132 -0,593 1 0,624 0,625

View factor F -0,0065 | 0,0479 | -0381 | 1,38E-13| -0,0682 0,183 0,624 1 0,995

Heat Flux ¢

&Win?) 0,00548 | -0,0317 | -0.371

-8.36E-16( 0.0186 0,175 0.625 0,995 1

Source: Authors.

This, a weak negative correlation is observed between tem-
perature and humidity (-0.139), as well as between tempera-
ture and flame length (-0.151). A slight increase in tempera-
ture tends to reduce both of these parameters. Practically, there
is no significant relationship between temperature and emis-
sive power (1.77x107'%), view factor (-0.0065), or heat flux
(0.00548). However, a slightly positive relationship is noted
with wind speed (0.089), atmospheric transmissivity (0.113),
and inclination angle (0.109). A marginal increase in tempera-
ture could be accompanied by a slight rise in these three param-
eters.

It is important to note that the near-zero correlation between
temperature and heat flux reflects the marginal effect of ambient
temperature on heat flux. A tank fire is primarily driven by the
combustion of condensates (hydrocarbons). The intensity of
which does not significantly depend on moderate variations in
ambient temperature.

Humidity shows weak negative correlations with wind speed
(-0.124), inclination angle (-0.0395), and heat flux (-0.0317).
No significant relationship is observed with emissive power (-
3.23x107'3) or with the view factor (0.0479). The correlation
with flame length is weakly positive (0.1068). On the other
hand, a strong negative correlation is recorded between humid-
ity and atmospheric transmissivity (-0.796) indicating an in-
crease in humidity leads to a significant decrease in transmis-
sivity.

The very weak negative correlation between humidity and
heat flux suggests that higher humidity may slightly reduce heat
flux as humid air absorbs part of the thermal radiation, thereby
attenuating the emitted flux. It may also alter the combustion
kinetics by slowing it down through oxygen dilution.

®= —38853+3-107*T —0.4422H -7-107"*V
~9.107"®y +27.1059¢ - 9 - 10~*Lp
—8.8-10739 + 3.2064F

Wind speed presents a moderately negative correlation with
the view factor (-0.381) and heat flux (-0.371), and a strong neg-
ative correlation with flame length. It shows no correlation with
emissive power (3.40x107'%) and weakly positive correlations

with inclination angle (0.267) and atmospheric transmissivity
(0.132).

The correlation between wind speed and heat flux indicates
that higher wind speeds reduce heat flux through forced con-
vection, which dissipates heat and cools the surface of the tank.
Strong winds can also disperse flammable vapours, limit fire in-
tensity and alter flame geometry, thereby reducing the density
of radiative energy perceived. The strong relationship between
wind speed and flame length is explained by flame dissipation
due to blowing, which also, contracts the flame length and thus
reduces the surface exposed to fire.

Therefore, wind is considered the dominant meteorological
factor in modulating the fire’s heat flux while humidity plays
an indirect role through atmospheric transmissivity (C) which is
strongly linked to combustion.

4.4. Model reliability study.

To determine the credibility of the established model, a cal-
culation of regression and variance statistical parameters is nec-
essary.

Table 4: Gathers the different statistical parameters of the re-
gression.

Statistic Value
Multiple R 0.9998
R Square (R2) 0.9996
Adjusted R Square 0.9995
Standard Error 0.03759
Observations (n) 15,316

Source: Authors.

The multiple determination coefficient (R) measures the cor-
relation between actual and predicted values. The value of
0.9998, which is very close to 1, indicates a very strong cor-
relation between the explanatory variables and the dependent
variable. R? measures the proportion of variance in the depen-
dent variable explained by the explanatory variables. The value
of 0.9996 means that the model explains 99.96% of the vari-
ance. This indicates an almost perfect fit of the model to the
data.

The adjusted R? takes into account the number of explana-
tory variables in the model. It is slightly lower than the standard
R? because it penalizes the addition of non-significant variables.
A value of 0.9995 confirms that the model is highly efficient
even after adjustment.

The standard error measures the accuracy of the model’s
predictions. A low value of 0.0375, which is close to O indi-
cates that the predictions are very close to the observed val-
ues, confirming the high precision of the model. The model is
trained on 15,319 observations that is a very large sample. This
strengthens the reliability of the results.

The value of variance parameters are presented in table 5.



Table 5: Variance parameters.
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Degree of Sum of Mean of F P-
Freedom squares squares value
Regression 8 5586748022 | 6983.435027 | 5646171,79 | 0O
Residuals 15308 21.63841321 | 0,001413536
Total 15316 55889,11863

Source: Authors.

1. Regression (Model)
The degree of freedom, determined, indicates that the
model uses eight explanatory variables (temperature, hu-
midity, wind speed, emissive power, atmospheric trans-
missivity , view factor, flame length Lf, and inclination
angle 0).
The sum of squares, equal to 55,867.48, is very high,
which suggests that the included variables capture a large
part of the variation in the dependent values.The value
of the mean squares, 6,983.44, is adequate with the de-
gree of freedom.Regarding the F-statistic and the p-value,
their respective values 5,646,171.79 and O indicate that
the model is extremely significant.

2. Residuals (Errors)
The degree of freedom, 15,308, means that the number
of actual observations is slightly lower than the number
of estimated parameters.
The residual sum of squares, 21.64, is extremely low
compared to the regression sum of squares, indicating an
almost perfect fit.
The low residual mean square, 0.00141, suggests that the
predicted model is virtually error-free.

4.5. Study of multi collinearity in the matrix.

According to the correlation analysis (Table 2), we observed
that there is a relatively high correlation (0.624) between the
inclination angle and the view factor (F). This could indicate a
certain form of multi collinearity between these two variables.

Moreover, moderate correlations are observed between wind
speed (-0.835) and flame length, as well as with the inclination
angle (0.267). These are not strong enough to cause serious
multi collinearity issues.

The other correlations are weak. For example, temperature
and humidity show a correlation of -0.139, indicating an ab-
sence of collinearity between these variables.Based on the cor-
relation matrix, there is no significant multi-collinearity in the
overall data but there are signs of moderate redundancy between
certain variables, as is the case between inclination angle, view
factor, and heat flux.

We can therefore conclude that there is no significant multi
collinearity that could lead to problematic situations in our model.

4.6. Prediction study.

The prediction study is based on the comparison between
the actual values and those predicted by the model.

A good prediction means that the points representing the
actual values must be close to those representing the predicted
values.

Figure 8: Presents a comparison graph between these values
using the multiple regression models.
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Practically, the two curves are identical (superimposed) and
reflect the perfect accuracy of our model. Thus, the predicted
values exactly match the actual values.

The horizontal line (blue) represents the ideal case where
the errors are zero and the predictions are perfect. When the
points are close to this line, it means that the predicted model is
adequate.

Figure 9: Displays the residual dispersion, i.e., the difference
between actual values and those predicted by the model.
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Moreover, a homogeneous dispersion around zero indicates
that the model gives errors in a balanced manner.

If the errors increase according to the actual value (fan ef-
fect), this may indicate that the model works better for some
value ranges than for others.

A numerical analysis of the errors yields the following find-
ings:

e Mean ~ 0.0003 — the errors are balanced around zero,
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which means that the model neither systematically un-
derestimates nor overestimates.

e Standard deviation = 0.0407 — the errors are on average
low, which indicates good model accuracy.

e Min: -0.7025 / Max: 0.9937 — the largest negative and
positive errors indicate that in some cases, the model is
wrong by up to +0.7 relative to the unit.

Thus, we can conclude that:

e The model is well calibrated, as the mean of errors is
close to zero.

e There is no systematic bias (no clear trend in the errors).

¢ Some significant errors exist, but they are rare and do not
question the overall quality of the model.

4.7. Study of variable importance.

Table 6: Importance calculation of variables related to the Ran-
dom Forest model.

Variable Importance
View Factor 0.94973502
Wind Speed (m/s) 0.01877864
Inclination Angle 0,01339145
Flame Length (m) 0,00943672
Atmospheric Transmissivity (J) 0,00563769
Humidity (%) 0,00300812
Temperature (°C) 1,2359E-05
Emissive Power ¢o (kW _m?) 0

Source: Authors.

The most important variable is the view factor F. This vari-
able has an importance of 0.9497, which means it has the great-
est influence on the heat flux.

A variation of F causes a significant change in ®. As a
result, it is essential in the model and must be retained.

Other variables have notable but lesser influence than F.

We can mention wind, inclination angle, and flame length,

which have respective importance of 0.0188, 0.0134, and 0.0094.

These parameters contribute to the prediction of @, but their
influence is less dominant.Their removal could slightly affect
the accuracy of the model.

However, temperature is the variable that has almost no im-
pact on @ and can be removed without affecting the model’s
accuracy.

Its importance is very low and close to zero.

Conclusions.

This study is based on a large dataset covering several years
of operation from one of the most active complexes in the in-
dustrial zone of Arzew. Several parameters were studied with
the aim of understanding the effect of meteorological factors on
the heat flux from a storage tank fire (tank fire).

It was demonstrated that the view factor (F) is the most im-
portant parameter in predicting the heat flux (impact distance),
while highlighting that the current practices used in the study
area (RTO) are completely inadequate, since the impact dis-
tance adopted in the area is considered fixed throughout the year
and in all scenarios.
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