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Abstract

An estimate of thermal conductivity was carried out in 21 well-spaced
petroleum wells in the western Niger Delta using sonic and continuous
temperature logs. The temperature logs were measured after the wells had
attained thermal equilibrium as a result of drilling activities. Regional thermal
conductivity varies from 1.1Wm™* °C™ to 6.2 Wm™ °C™?, with an average of
3.1Wm™ °C*. The North-Central part of the studied area is characterized by
high thermal conductivity and this decreases towards the North-East and
seawards. The values are lowest around the sea with an average of 1.43Wm™
°C™. Our method of direct computation is in agreement with previous works
and are also comparable to those of other passive continental margins in the
world.
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1.0 Introduction

Thermal Conductivity),, is defined as the quantity of heat which will traverseediom of unit
thickness and cross-sectional area per unit time, undenftherice of an applied temperature gradient.
Furthermore, it is only weakly a function of temperature, ugukdtreasing as temperature increases. At
ambient conditions, any temperature correction to it would likelyess than other uncertainties in the
calculation. Data acquired therefrom can be used in understandititeth®al structure of sedimentary
basins. The data have first order dependence on the configuraismthefrms and the heat flow within
the basin [3].

Direct, on-the-site measurement of thermal conductivity dinsents in in-situ conditions in
petroleum wells are both difficult and time consuming. Instestahrhtory measurements are preferred
and these are usually made on cores and drill cuttings colleotadte wells. In order to apply to in-situ
conditions, however, the measured data will have to be modified [3}he®ds a major setback to
laboratory measurements of thermal conductivity estimation in sedingdydsins.

[5] used the results of [2] to make estimates of the dkntal conductivity from lithostratigraphic and
BHT data in the northern Niger Delta. They obtained thermal cowityotarying from 2.47+/-0.04 Wim
19! for the Benin Formation to 2.24+/-0.03 WAC™ in the Agbada Formation.
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In the present study, we have directly computed thermal condiedtigit different depths within
each of 21 well spaced petroleum wells in the western Niger Delta fromuaund temperature and sonic
log data.

2.0 Basicdata

The data used for this work comprised a set of continuous telmmger@nd sonic log data
obtained from 21 well spaced petroleum wells in the westernr Nligta. Continuous temperature data
have been used instead of BHT data because enough time usymfseda that the borehole could attain
thermal equilibrium before continuous temperature logs are dedoin this way, they provide very
accurate in-situ temperature conditions in the wells.

The geophysical logs available for the wells vary in completenessoirerwell to the other. As a
result, the study could not be limited to a particular depth range fhiealélls.

3.0 Datatreatment
3.1 Temperature data

The temperature at a depth for each well was read frofoghaend recorded against the depth.
The temperatures were read at every 100ft from the tempedags. The value read at each depth was
converted fronfF to °C by using the relation:

°C = (5/9)PF-32) (3.1)
The temperature gradient, TG,’m/100m, at depth Z was then calculated from the relation:
TG = {(100/Z:*0.305)(C-S)} (3.2)

whereSis the surface temperature.

Following [1], [5], [6] and [8], we have used an average atmospleriperature of 2T for the
Niger Delta. The continuous temperature data used for tbik were not corrected for drilling
disturbances, [4], since thermal equilibrium is assumed to have been attdoredloe measurements are
made.
3.2 Sonic log data

This comprised the interval transit time, i.e. the tmeeessary for elastic waves to travel 1ft of
formation, recorded in psec/ft. The interval transit timesevpéicked to correspond to the depth for which
temperature had been previously picked.

The one-way sound travel timggtat a particular depth,,Z was thereafter obtained from the
relation:

tsec= Zm/Vms—l (33)

whereV,s.1is velocity of sound waves at deptfy given by
Vins-1 = {(10%A1)}*0.305 (3.4)

At is the sonic log reading in psec/ft.
If the interval transit time at 6,000ft depth is 125usec/ft, then, the souwdityelt this depth will be:

Vins.1 = {(10%125)}*0.305

= 2440m5
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From equation (3.3), the one-way sound travel time at this depth will thus be:
= (6000*0.305)/2440
=0.75 sec.

4.0 Thermal conductivity estimation
The Fourier's one-dimensional heat flow law, neglecting thectitre of flow, was used in
estimating the rock’s thermal conductivity in the wells studiBdermal conductivity was calculated
directly from the observed heat flow and geothermal gradientdiog to the Fourier's one-dimensional
heat flow equation:
K=QITG (4.1)

where Q = heat flow in W
TG = temperature gradient in WiiC*

The heat flow for the wells was calculated using the meth¢d].oThis method, however, is constrained
by the difficulty in choosing the best intervals for héawf hence thermal conductivity estimation. As a
quick way of determining the best intervals, we made a ttawel versus depth plot (Figure 1) for each
of the wells and imagined a best fit line through the points. Poiglisseparated, and which fell on the
lines were chosen, and their axes read to give the depths and correspawdirgries, respectively.
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Depth (m)

Figure 1. Travel time versus depth plot for one of the wetledied. Depth points range from 1220m to 2196rh wit
an increment of 30.5m (100ft).

The suitable depth intervals and their corresponding tempesaucketravel times for the above well is
shown in Table 1.
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Table 1: Suitable intervals for thermal conductivity esdition for well Ovr-1.

Depth Temperaturel One-way travel time
(m) () (sec)
1250.5 43.33 0.5371
1433.5 44.33 0.5922
1677.5 45.50 0.6600
1891.0 50.28 0.7130
2135.0 54.44 0.7700
2348.5 56.11 0.8085

The heat flow at the respective intervals was then calculated usirgjatien:

Q = {(In(B + Tu)/(B + TO)*(v(t — W)}*77 (m Wm?) (4.2)
where B,y are constants equal to 80.031 and 1.039 respectively;
T., t. = temperature and one-way travel time respectively, at the degpkbetween any
two chosen intervals along the well;
Tu, ty = temperature and one-way travel time respectively, at the uppérleegt of the
interval.

The calculated heat flow and average temperature gradikrdsvat the various intervals were
finally used in the Fourier's one-dimensional heat flow equation (ifoquéd.1) to compute the thermal
conductivity at the various intervals. The average thermadiactivity at the intervals gives the average
thermal conductivity for the respective wells. Computaticultefor one of the wells studied is given in
Table 2.

Table 2: Computed Result For One Well.

One-way tt Heat Flow (m Av. GG Thermgl_

Depth (m) Temp. (0C) (sec)y Wim2) ( (OC/Km) C(()\;\v?#]%gny
1250.5 43.33 0.5371

| 10.86 | 12.43 | 0.87 |
1433.5 44.33 0.5922

| 1024 | 1151 | 089 |
1677.5 455 0.66

| 5226 | 11.61 | 45 |
1891 50.28 0.713

| 4086 | 13.05 | 3.13 |
2135 54.44 0.77

| 2376 | 12.37 | 1.92 |
2348.5 56.11 0.8085
Average | 27506 | 12.194 | 2.262 |

5.0 Discussion

Thermal conductivity map of the western Niger Delta constcufitom 21 well spaced petroleum

wells is shown in Figure 2. Thermal conductivity varies from 1.1\ to 6.2 Wnt °C
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! with an average of about 3.1 WniC'. The north-central part of the western Niger Delta is

characterized by high thermal conductivity, and this decreasesds the north-east and south. The
results agree well with the results of [5] and ar® alsmparable to those of other passive continental
margins in the world. Reliable values of thermal condugtiait essential to models of basin evolution
and thermal maturation.
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Figure 2: Thermal conductivity map of the western Niger Deledermined from sonic and continuous temperature
log data.

6.0 Conclusion

In-situ thermal conductivity measured from sonic and continuenpérature log data in the
western Niger Delta presents a simple average of 3.1 %fh The method described is adequate for
making regional thermal conductivity studies in sedimentarynbadt is preferred to laboratory
measurements because it may not be possible to obtain coreesamptesentative of the in-situ
condition within every region of interest in the wells. The resofitthe method presented are comparable
with the results obtained for other continental margins of the world.
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