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e Computelt' Simulation of Soil Temiaerature
<7 gue to Heat Radiation from Gas Flaring

1.0. Odigure, AS. Abdulkareem, O.D. Odeniyi

Chemical Eagineering Dept, Federal University of Technology, PMB 65, Minz2, Nigeria

Abstract

Exploation of Nigena abundant narural resources of crude oil and patural gas has lead to
wastzge of the gas through faring. the resultant effect is the dereriorztion of the environment
which is 2lso witnessed in the increasing heat content of the soil mangle in arzas closer 1o the
flare station. This paper proposes 2 mathematical model. which can b&used i@ predict the sail
temperature as a result of heat released by flaring gases and the sun. The resslts of simularion
showsed 2 remarkable zgreement with experimental result of soil temperarure taken at vanous
distances and that the soil temperature depends on the volume of gas being flared together with

the absorprvity of the soil ina given area
Keywords: Gas flaring. soil temperature. heat radiarion 2nd environmental polluzion.

1. Inoroduction

The petroleum indusiy is undoubtedly the main stay of e Nigeria economy 2nd has led ic 2
considerable economic growih in the country The Niger-Delta oil fields of Nigeria covers about
70,000 square kilometers and 15 one of the world’s largest wetlands. whick houses Nigeriz's
proven gas reserves. estimared to be 120 trillion cubic fest {Oguejiofor, 2000). However, while
the exploitation and explorzson of oil has crearsd some forunes and contribuzd posively to the
sconomic and technological advaacement of Nigeria as 2 whole, the a2ccompanying socio-

-

economic and ecoloeical fzllouts remain grisvous. The public considers the oil-producing

companies gperating in the Niger-Delia oil fisids responsivie for polivang the environment )

way of relentdess flaning 2nd venting of gas

deforesterion and destructicn of fora and fauna and conssquence disturbances Of the SCOSYSISR

in -he 70.000 square kilometers Niger-Delta w
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mechanical suppert supplying nutrients and water. Also the soil
lecatien for heat, acting as a sink for energy during the dav and s sumneto‘

soil temperature on which they grow. Bacterial zrowthand pIantprodudmnbdﬁ : enmetature
dependent. The same is tue for the following - processes, orgamc nat dmnpostmn and
materialization, and microbial process& such as bxedgmdm3 of pm&m anﬁ ther organic
chemicals. Their intensity of change varies with tempemmre (ury et 2l l 91 and Adeniyi,
2001). Soil temperature zfzcts plant growth first during seed oemnnancn A&hmgh seeds of
different plants vary in ther ability to germinate at low temperature, all speqs show a marked
decrease in germination rzze in soils with low surface temperature (Russell, 19‘1?5) Plant growth
after germination is also imfluenced by soil temperature. Metabolically re‘zu!axedbpbm processes,
such as water and nutriens update, can diminish below optimum rates at boﬁl low and hich
temperatures (Allmaras et 21, 1964, Brady, 1990).

Heat from gas flare coupled with solar radiation falls on the sm] Whereby h&mg i up Though

increased heat content of the soil helps to reduce vegetables and fruits. d:sezss msects attack

generally, it may not be sumable for some plams and crops. Hence heat cauld mdér such lands
unsuitable for cultivatioa of some economic plants (Alakpodia, 1080) .
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capacity; the intensity of the sun is uniform for a given area at a given time; combustion is
complete in air and squal volume of gases is fiared by ail stations.
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Figure 1: Schematic diagram of heat radiation In a flare staticn {Odigure and Abdulkareem,
2500).

During gas flaring thers is the release of large quanttes of CO, than other zases such s those
of sulphur and nitrogen oxides, which are in minute quantities beeause their content in associated
gas being flared is small. The total hydrocarbon content of associated gas & about 92-95%. The
composition of major hydrocasban is given in Table 1 (Abdulkarsem, 2600).

Table 1: The compesition of majer hydrocarbon
Compesition | CE:. 'Cihs : sl CaHis { CsHez ’ Others
%oMass >43 1>15 120 15 19




2 -5 —SSR.Aid 235 in o cacdlated fiom the stiochiomerry s follows:
CH. ‘_“0:_) CO—_»-_’.H:O e P

- GiHe 27120, > 200, 38,0

CiHio # 13/20: > 4C0, = 5H:0

The tozal amount of CO- released accerding 1o these equations ea basis of percentage as in Table
1 was calculated 10 be 2 5814W/m® The amoum of heat radizted from gas flaring is given by
equation 9 below (Odigure and Abdulkareem, 2000).
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2681p7,F, .C,
where Tr zemperziure of the flared gases, T, — soil temperarure, Qr heat from the fiared

gases, Qs — heat redecied from the flare starion, Qe bear absorbed by the earth from the
Hared gases, Vr — volume of flared gases, Fi» thé'vicw factor, Cyr — specific heat
capacity of the Sar=d gasss, ps— deasity of the flared gases, A — area of receiving surface,
2 — albedo constans {031 for wopical soil), « - absorptivity factor; it varies with soil type,
zad g; — quanzity of heat released by Im’® of flared gases (2.681kW/m’).

Equation 7 is the propesed model equation to be used in determising the soil teaperature.

3. Experimental Methodology .
The expernimenal method carried our in this work was aimed ac analyzing and determining the
effect of heat radiazed fom ges faring on the soil in the MNiger — Delta area of Nigeda. This



method was specifically employed 1o determine sOil iemparanire & V2MOUS GiSIEnles oM L2

ﬁzre po A process mm:smes sm.xawd in xher\ﬁger D.Jta areg penormm the experiments

tunpermxre .thesoilataboutloo‘:mdzpth. mxpamsaremken at dm‘a-md:stancesof"o

60, 100, 200500 and momnems awayﬁ'omtheﬁa.re poimt. The results obtained were recorded
: _andarcpmunedm’l‘able”

The model equauonwaspmgmmmed using Q basic programme. The obtained simulated resulis
are presented in Table 3. The obtained simulated results will be used 10 test the validity of tae
model equation in Tespect 1o the experimental vahies,

4. Results T %
Theoblameda:penm:m.alandsmulaxedrwﬂlsareprmameabie and 3

Table 2: Soil temperature (°C)

Months: _ . | Year | Distance (m) e

26 40 60 100 200 560 1600
October - | 1997 | 284 |284 285 212 282 278 268
November {1997 301 |292 30.6 313 304 291 288
December | 1997 1321 (303 293 294 290 289 ! 302
Jamary 1998 {308 |30.7 303 30.7 303 283 ! 283
February 1998 343 |322 321 31.8 313 511 ‘ 313
March 1998 354 1339~ “333.2 332 307 30.1 ! 368
April 1998 {378 {356 1346 351 {344 344 f 343
May 1998 {329 {328 332 33.0 33.7 337 334
June 1998 1280 |268 263 295 263 263 25.0
July 19938 202 1290 i283 283 288 { 28.8 ‘ 261
Angust 1998 {290 300 290 290 280 ! 28.5 {28.0
September | 1993 320 1285 282 274 287 275 270
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Radius (m) Velume of flared gas (m’/day). ke
Fler Radion= 00388 W/ | Feat Rada

20

60

160

200 3895 138385 388 l 3893 3996

400 8.8 384 . 385 38.7 i 39.82

600 i 312 316 313 i 35.12

300 3 302 309 314 1 32.83

1000 227 30.5 {368 |31= 200 130.0 ?:0 F l 3245 ~ |
11200 217 T24A1 30.1 310 235 T | 239, 299 {3192

1500 187 |216 23, 238 183 - 12064221 2469

1800 155 ; 19.7 207 | 228 149 182 {205 23.63

2000 135 18.2 195 | 22% 138 s ]6._4 191 | 2290

All plants grow and reproduce in response to an interaction of dynamic-and ever: changing
componeats in their environment. Plants require favorable soil and zir temperature for them to
survive and each species of plants aiso have a mimmmmm soil temperature below, winch no
crowth of rocts wall occur (Brady, 19%0).

Mzn expanding industrial and wrban activities has reached 2 level ar which their affects have
become global in natwe (Boloion, 1991). Such activities as we have during gzs flarmg and
combustion of other gases, not oaly alters the ecosystem but affects the structures, vegetation,
humaa heakth and migration. Gas flaring in the Niger- Delta area pollufes the extire ecosystem
thereby making the environment unbearable for human fives. The surrounding soil manide is
continuously being heated thereby vaising the level of temperature of that soil to 2 much higher
value. hence making survival of plants and vegetation difficult via zbsorption of the heat fiom
the flere scurce. Mos: plants and shrubs/vegstzble that zre mainly growa in this arez. can gierate




temperzrure ranges from 15°C — 28°C, anyahme higner affects their growth rate hence rEsLiing

in dislocarion of green leaves and consequently poor yield.

Thq_hasszaﬁavaﬂabieexpenmal data of soil temperature obtained at various distance up 10
3 i L

1000 from flare station as. showni in Table 2 and that of simulated values at various distances
““upto 2000m'is shown in Table 3, it could be observed that at any average distance of about 50m,

the heat felt was as high as 40°C in the soil {Alakpodia, 1980). It could be observed that the most
affected soil area are consequently unsuitable for plant and human survival, 600m away fom the
flare station can be .said 10 be un safe zone especially for farming of vegetables and tubers that
can survive soil temperamire berween 25°C — 30°C (Brady, 1990). However, effects of this heat
from gas flaring point, felt over these distances depend on the volume of gas that was flared and
&

It could be observed from the simulation resulis showa in Table 3 that an increase in volumé of

also the absorptivity of the soil in the zrea {Table 3).

gas flared will cause an increase in soil tempesature 2t any particular distance. Here, one could
also see that soil temperature reduces as distance ncreases and this could possibly be artributed
to the percentage of heat absorbed by the soil a1 various distances.

However, there are some variations between the experimental and simulated results and this
could be due to reasons like, the assumption mede during the conceptual stage of the
mathematical equation, the non patemed nanwre of experimental data which may be due 1o the
fact that the weather was not considered, 2fso the variztion may be due to atmospheric conditions
such as wind spesd, humidity and temperamre feht at various distance. However, the soil
temperatures obtained showed that the model equation could be employed in stmulating the
effect of heat on the soil temperature in that area since it showed some remarkable conformity

with experimental vahies.

3. Conciusion
From the research work, it could be deduced thai the model equation generzied reasonzdly
reflect the considered variable. Hence the simulation resuits conform 10 the experimenial values.

Therefore, it can be deduced tha the soil zemperature at various distance depends on the volume
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c20m from the flared station should be observed 10 ensure safety of lives ar
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