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TEMPERATURE VARIATIONS IN THE NIGER DELTA SUBSURFACE FROM
CONTINUOUS TEMPERATURE LOGS

IDARA 0. AKPABIO and J. E. ESEDAW|
{Reecived 13 August, 1999; Revision accepted 24 July. 20K

ABSTRACT

Continuous temperature data from 126 welis alioned to attain a state of
thormal cquilibrium (or several months and 134 wells (stabilisation within thirty days)
wore wsed to determine the variations in temperature in the Niger Delta.
At abowt 8.000fiss. bigh temperatures of 80 - 122°C exist in the Northern and Ughelli
depobelts. low femperatures of 46 - 88°C arc recorded in the Central and Coastal
depobeits, moderatc temperatures of 80 - 100°C are seen in the Offshore depobelt. At
0,004 and £.0000ss, similar trends arc also evident.
Hegionad geotbernwi gradients range from 1.5 - 2,5°C/100m in the Coastal depobelt
ang Offshore rogions and increases northward fo 4.5°C/100m,  Vertical geothermal
pradicnts show a continuous but aon lincar function with depth and increascs with
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inishing sand percentage from less than 1.0°C/100m in the comtinental sands
287/ vk Lo the paralic section to 5.0°C/100m in the continuous shaly
addicnds are assoctated with shaly formations primarily because of
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sand percentage, depobelts.

INTRODUCTION

The need for the understanding of the thermal
history.  hydrocarbon  generation, migration and
matusation is very glaring.  Onc of the important
Fequirements in this regard is the accurate formation
temperature data,

With the ongoing exploration of the deep play
prospects in the Niger Delta. accurate formation
tempermtures  are also  required for  establishing
geothermal gradient that can be used in predicting
lemperature at the deep zones and hence in designing
deep well mud nsud cementing programmes, The
geothermal gradient map in the Niger Delta could also
be used in tracing or studving the liquid window
concepis for oil exploration,

STRUCTURAL DEVELOPMENT AND
TECTONICS

The structural deformations observed in the
Niger Delta arc predominantly extensional and
expressed by growth faulting, There is a combination of
four busement tectonic- processes associated with (hese
deformations, These are
i Slope Rilvre,
1. Differential isostatic subsidence,
iii. Lateral extension of a ductile substratum by

differentiaf loading, and

iv. Folding and picrcement due 1o density inversion.
These processes depend on a number of complex but
interrelated factors. These are documented in standard

articles (Weber and Daukoro 1975, Reijers et al. 1997).

DATA COLLECTION

Three classes of temperature data were used in
this study. Location sites arc in Fig. |
i. Continuous temperature logs
ii. Bottom Hole Temperature
fii.  Reservoir temperature and sand pereentage data
obtained from Gamma Ray log.

The temperature daty used in this study  had
duration of well stabifisation of thirty dayvs and abine. o
period from well completion o logging in which the
well has attaiped equilibrium or near equilibrium,

DATA ANALYSIS AND INTERPRETATION
During subsurface (emperaturc meusuremcints,

the process of gaining access to the subsurface dusiroy s
the thermal equilibrivm and the rocks surrounding such
openings are al least temporarily in a state of thermal
dis - cquilibrivm, Generally. the method of subsurfice
access results in a cooling of the rock face through the
mud circulation, )

In order to obtain mcaninglul temperature values,
there are two aliernatives,
Let the well stand idle for a period of time in order
to regain thermal equilibrium, .
Use mathematical techniques to extrapolate to the
cquilibrium temperature,
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Option (i) was adopted in this study primarily becanse
(i1) lacks the proper input parameters such as the
circulation timc and time since circulation for cach
well,

A surface ambicnt temperature of 80°F (27°C) has been
assumed.

The continuous temperature depth log is a
rcliable device that gives a good, detailed and
continuous information provided the well is in thermal
cquilibrium and thermally stable. 1n most temperatur
logging. the wells have been closed for several month
or years.

The most abundant (emperature information is
collccted during normal logging opcrations of oil wells, .
Since these logs are taken only fow hours after drilling”
had stopped, the measured Bottom Hole Temperatures:
(BHT) arc too low, besides, they provide only two or
three data points in a bore hole. This may not be quite
uscful in generating well temperature  profiles.
cspecially with the variable lithology in the Niger Dclta,
and the difference in heat transfer conditions between
the continental and paralic/marinc successions.

To ascertain the degree of difference between the
continuous temperature (for wells that had stabilized for
scveral months) and BHT data (corresponding to such
wells). comparisons were made between these two scts
of data. Thc well logs show generally  Jower
lemperatures of an average of 10°C from the surface to
5000ft and 13°C from 5000ft 1o 14000 A
temperature correction factor that will adjust the BHT
bv 10 degrees in the Benin Formation and 1. degrees
from base continental to continwous shalc rcgion
respectively is here recommended.
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. depth ¢
‘Maximum  rescrvoir/production  iempcratures

‘have also been plotted. 1t gives a good fit with the
continuous temperature data.

DISCUSSION

Analysis of temperature data in the Niger Delta
from well logs indicates that regional scale processes
influencé subsurface temperature. The miost prominent
patiern s lithologically controlled. . Temperature
increases with diminishing sand percentage (Fig. 2).
Minimum temperaturcs  coincide  with  zoncs  of
maximum thickness of sandy Agbada and Benin
Formations.  These suggest a cooling effect of the
" continental sands ascribed to convection currents sct up
in the [reely moving groundwatcr. augmenting the
overall cooling by conduction.  Geothermal hotbelt
coincides with shale formation.
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Further discussions lrave been detailed and broken
down into structural provinces of the Niger Delta.

The variation shown in depobelts is suramarised
on Tables | and 2 whilce the Femperature depthi curs e is

on Fig. 3. Regional temperature variations at depths of

4000{tss. 6O00Mss and 80U0((ss are shown on Fig. 4.

Delta edge

At the extremes of the Dclta, well Benin West
(OML1) has a temperature of 212°F(100°C) at 77001
Wells Pologbenc. (OMLY6). Gilli Gilli. in the West.
(OML14) and Tom Shot Bank (in the East). bave very
high temperatures: 189°F(87°C) and | 195°F(O1°C). and
V70°F (77°C) respectively all at S00011 depth.

The paralic scction starts at about F000ft - GOOOLL.

it is most probable that the high temperatures at the
delta cdges arc duc to ncarness o the bascment.
Temperature  anomalics could be  associated  with
bascrent uplifi.
Wells in OML12 record the highest temiperatures. for
instance Umuna-1, 190°F(88°C) at 6000ft. Anua-1 and
Uruan-1 have 236°F(113°C) and 2518F(122°C) all at
8000ft. Thesc however arc not producing wetls.

fnner bele

This belt has OMLS and OPL51T in the north. part of
OML4. 1 and 40 in the west and narrows 1o OML4Y in
the southeast and OML1I4 in the cast.  Temperatures
incrcase from the central inner belt towards cast and
west. ¢.g in OMLS. Obi Anyima has 129°F(54°C).
Matsoga 129°F(54°C). Amojic (OML48) 130°F(54°C)
all at depth 60001 The value incrcases castward 1o
F70°E(77°C)y at a tower depth of 50000 in Tom Shot
Bank (OMLI4), Westward. the temperatures increuase
10 189°F(87°CY in Pologbene (OML ). 222°F(106°C) in
Tsekefewn and Benin West.  Generally. temperaturcs
here arc rctatively lower than in the delta cdge

n
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TABLE I: Temperature variations shown in Depobelts.,

Piepobelts Temperature at Temperature at ¢ Tempenature at
40001ss (°C) GO0y 20 SO0Hfss (°C)
Offshore 32-72 08-88 7890
| Coastul 36-58 3478 50-80
Centrud 32-6-1 42-72 50-122
Ueheli 3275 38-102 30-122
Notthern 32-78 38-86 | 50-100
TABLE 2
Temperature variations shown in Depobelts. (Well stabilization within 30 d:
Depobelts Temperature at Temperatie af | Teamperature at
HO00Mss (°C) 6000tss (°CY | 300DMIss (°C)
Coastal 3871 4076 15395 ]
Central 30-68 36-01 48-102
Ughellix « 2276 4490 | o |
Northern 3871 I

ol )
100

averaging 40 - 75°C at 80001, The structural features
arc steep faults compared to the low angle faulits
observed in the delta edge.

Central belt

The ceatral belt is further subdivided into four scctions
i North ceuatcal

This belt is bounded to the north by OML28. to the west
by OMUA L cast bv OML21. 26. part of 39 and to the
south by OML34 and part of 35, The structural features
are characterised by large shilts of culmination. crestal
blocks and numerous fank structres,

The thickness of the shallow continestal facies varics
between 15006t and 24000 (E.g. in Oben). The deeper
continental facies is found at about $100f1 and wedges
progressively towards the south (Sapale).  The top of
the marine shale is found at about 2400ft. Oben has
preponderance of shale at a shatlow depth range of
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Fig 3. Temperature depth curve shown in depobelt  «
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Termnperature vanations in the Northern depobelt
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Fig. 4 Tempsrature vanaltions shown in different depobel's

2500 - 41001t where surprisingly. lemperatures are not
as high as one would expect.

In the Aboh - Isoko area, OML26. the temperature at
80001t is 88°C.

ii West Central

The western central belt has OMLs 42 and 43, In the
Otumara - Escravous Beach region. OMLA3. a highcr
tenperature of about 77 - 91 °C is observed al 80001,

ili Central

This region cssentially is the central depobelt. ic.
OML27, 28. 31. 35. 58 and 61. It also includes part of
OMLs44. 22 and 21, Temperatures at 80000t range
between 56 - 86 °C with the highest in Ubic.  The

continental facics is generally thick at about SBOU{E (i
Adibawa. OML27) fo 63000t (in Eiclebou. OML.28)
The marine shales are deeper. :

In the Egbedi Creek and Kolo Creek areas. large stecy
regronal flanks bounded by major counter regional
faults are present,

iv. East Central

The emperature in the cast central belt is relativeh
higher (between 54 - 80°CY at about 60000 radiating
from the central portion (Bomu 176°F). Afam (174 °F)
outward (o Isimiri (130 °F) in the north. Soku (135 F)
m custe Akata (146 “F) in the cast and Utapate
Setikc (4 HUF) in the south-cast,

S8
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Generally. fow temperatures of 50 - 91 °C arc observed
in the central helt at about 8000,

Southern hett
This is the largest structural province. It exiends
{rom the Forcados Yokri (OMLA3S) in the west. OMLA46
through Dicbu Creck OML32. Cloibiri OML29 at the
central portion
To the south of this belt has Efepa (OML33) and
Nembe Creek (OML29).  Kalackule is found at the
south-cast region.

From the central portion Qloibiri and Dicbu Creck. the
temperaiure of  CF62°C)  and  147'F(064°C)
respectively increase outward at 8OGOAL.

he southern parts of Nembe Creck and Elepa ficlds
record an incrcase up to J66°F(74°CY and 195°F(91°C)
respectively.  Farther in the north-western direction of
Ramos River and Forcados Yokri 165'F(74°Cy and
216°F(102°C) arc recorded.

The  north-western and  castern arcas  arc
characterized by more mobiic shales at depth.  In the
north-western Foecados Yokri estuary for instance. the
pase continendal is betweon 3260 - J0000L The
combinental facics is scen to decreass further in the
Offshore region (o about 2360ft in Ea-14 (OML79).
The high mobility of the ductile substratum that Ieads to
shale ridges becomes shallower in this arca. Gencerally.
high temperatures of 90 - 102°C arc obscrved

Distal helt

The distal part of the Niger Delta is characterized
by topographic irrcgularitics that arc highlighted by
folding and picrccment duc to density inversion.  The
tops of asymmetrical shale diapirs arc within 2000t of
the sca - floor. the shale plugs can be scen on scismic.
rising (o less than 5000ft. No temperature data werc
available in the distal part. but the high shalc plugs
suggest of high temperatures.
Generally, the thermal conductivity of the rocks
decreases with incrcase in depth. temperature and heat
flow. Akpabio. (1997). In thc Benino Formation
conductivity is as high as 10+4W/nvk but reduces to an
average of 3+2W/m/k in the marince/paralic scetion.

However, in some wells thermal conductivity of

the shallow section is lower than in the deeper scction
or converscly. the temperature and heat flow arc greater
in the shallow portions of the well. Examplcs are
dominant in the Offshore depobelt.

Therc is a corresponding dccreasce in travel tmic
n such arcas. this may be associated with loss or
ibscnce of porosity within the interval.  According to
3rigaud ot al. (1990) and Uko (1996). the actual
sorosity depth  function (i.c. porosity decreasing
xponentially with depth) at cach sitc depends slrongh
o the local lithology of the forniation which in turn is
jcpendent on the burial history of the formation (e.g.
compaction and dewatering  process). Porosily
Jecreases as a result of compacton. thermal wnduclmty
decreascs as a result of low conductivity rore water in
rocks of a given formation.  Berge et ai. (1995) also
showed that porosity decreases with increase in velocity
aind conversely the fnterval transit time

A possible exptanation for these anomalics is that
the EA sequence shows an upward change fromy sand-
donnnated  lowstimd  depositsantercalated with
transgressive and highstand shates towards thicher and
more sund-prone tughstand and transgressive deposiis
mterrupted by thinner lowstand  deposits  (reticn o
overall progradation across the depobelt). .

Conclusions

Results from the study show that temperatyre variation
is lithologicatly controfled. its minimum coincides with
the zones of maximum thickness of the sandy Agbada
and Benin  Formations  while  high  iemiperatures
coincide with the marginal zones of the tertian
depocentres.
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