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(57) ABSTRACT 

Measuring the in situ temperature of a formation traversed 
by a borehole comprising lowering to a predetermined 
position in the borehole a tool that comprises a central 
conduit having an inlet an dbeing provided With a tempera 
ture sensor in contact With the ?uid, means for analysing the 
?uid, and means for discharging ?uid; alloWing only for 
mation ?uid to pass through the central conduit; analysing 
the formation ?uid; and measuring the temperature When the 
formation ?uid is substantially uncontaminated. 
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MEASURING THE IN SITU STATIC FORMATION 
TEMPERATURE 

[0001] The present invention relates to measuring the in 
situ static formation temperature in a Well during a drilling 
stage. Ceasing circulation also refers to shutting-in the 
borehole. Ceasing circulation leaves the borehole ?lled With 
drilling mud, and the temperature of the drilling mud Will in 
general differ from the temperature of the undisturbed 
formation. 

[0002] One Way of measuring this temperature is loWering 
a thermometer into the borehole ?lled With drilling mud and 
recording the temperature at a predetermined depth as a 
function of time (At) after ceasing circulation. The thermom 
eter can be a self-contained recording temperature or a 
surface-recording thermometer When the temperature is 
constant With time, one assumes that this constant tempera 
ture is the in situ static formation temperature. HoWever, this 
method is time consuming. 

[0003] An improvement of the above-described method is 
the folloWing method. In this method the temperature is 
plotted versus log((tk+At)/At), Wherein tk is the circulation 
time and At is the time after ceasing circulation. The result 
is extrapolated to log((tk+At)/At)is substantially equal to 
Zero, Which means that the circulation time is negligible 
compared to the time after ceasing circulation. The extrapo 
lated temperature is then assumed to be the in situ static 
formation temperature. 

[0004] HoWever, mistakes in the circulation time could 
make a large effect on the extrapolated temperature. Such a 
mistake is easily made, for example When after completing 
a drilling stage the driller pulls the drill bit up a couple of 
hundreds of meters, and continues circulation for several 
hours to clean the bit before shutting in the borehole. In 
Which case he Will report a circulation time that is the sum 
of the circulation time needed to drill the particular stage and 
the time required for cleaning the drill bit. Whereas in order 
to evaluate the temperature record, the circulation time 
should be the circulation time needed to drill the particular 
stage. 

[0005] It is an object of the present invention to provide a 
more accurate measurement of the in situ static temperature. 

[0006] To this end the method of measuring the in situ 
static temperature of a formation traversed by a borehole 
according to the present invention comprises the steps of 

[0007] a) loWering to a predetermined position in the 
borehole a tool that comprises a central conduit 
having an inlet and being provided With a tempera 
ture sensor in contact With the ?uid, means for 
analysing the ?uid, and means for discharging ?uid; 

[0008] b) making an exclusive ?uid communication 
betWeen the formation and the inlet of the central 
conduit; 

[0009] c) alloWing formation ?uid to pass through the 
central conduit; 

[0010] d) analysing the formation ?uid; and 

[0011] e) measuring the temperature When the for 
mation ?uid is substantially uncontaminated. 
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[0012] The invention Will noW be described in more detail. 
The ?rst step of the method of measuring the in situ static 
temperature of a formation traversed by a borehole accord 
ing to the present invention is loWering to a predetermined 
position in the borehole a tool that comprises a central 
conduit having an inlet and being provided With a tempera 
ture sensor in contact With the ?uid, means for analysing the 
?uid, and means for discharging ?uid. The predetermined 
position can be the bottom of the borehole, or a position in 
a formation layer of Which the in situ static formation 
temperature is to be measured. The tool is loWered into the 
borehole by means of for example a Wireline. 

[0013] Then an exclusive ?uid communication is made 
betWeen the formation and the inlet of the central conduit. In 
order to make the exclusive ?uid communication, a probe is 
extended into the formation, Wherein the outlet of the probe 
is in direct ?uid communication With the inlet of the central 
conduit of the tool. Because the inlet of the probe is located 
in the formation, drilling mud present in the borehole cannot 
enter into the central conduit, an exclusive ?uid communi 
cation is made betWeen the formation and the inlet of the 
central conduit and thus the Wellbore ?uids are isolated. 

[0014] Then formation ?uid is alloWed to pass through the 
central conduit. This is done With the aid of a pump, sucking 
the formation ?uid via the probe into the central conduit and 
discharging the formation ?uid from the central conduit. It 
Will be understood that during drilling of the borehole, 
drilling mud Will invade the formation. Therefore, When 
formation ?uid is WithdraWn, ?rst drilling mud Will be 
WithdraWn, then a mixture of drilling mud and original 
formation ?uid and ?nally uncontaminated formation ?uid. 

[0015] As it passes through the central conduit, the for 
mation ?uid is analysed to determine its composition. 

[0016] Then the temperature is measured continuously 
until the formation ?uid is substantially uncontaminated. 
Applicant had found that the temperature of the uncontami 
nated formation ?uid is not just a temperature of a liquid, but 
it is precisely the in situ static formation temperature. 

[0017] In practice both the temperature and the composi 
tion Will be recorded, and the in situ static formation 
temperature is the temperature that belongs to the substan 
tially uncontaminated formation ?uid. 

[0018] Because in the method of the present invention the 
temperature of the uncontaminated formation ?uid is mea 
sured, this method is more accurate than the knoWn meth 
ods. 

[0019] Moreover, the method according to the present 
invention can be carried out With a tool that is used to take 
samples of the formation ?uids. Such a tool is for example 
the Modular Dynamics Formation Tester tool from Schlum 
berger. This tool also contains an accurate thermometer used 
to calibrate a pressure sensor, and the output of the accurate 
thermometer can be used in the method of the present 
invention. Other suitable tools knoWn in the art are the 
repeat dynamic tester from Halliburton and the reservoir 
characteriZation instrument from Western Atlas. 

[0020] In case the hydrocarbon reservoir ?uid is a so 
called heavy oil that is relatively viscous, it Will be dif?cult 
to acquire a representative sample of the reservoir ?uid. In 
order to obtain a representative sample, the step of making 
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an exclusive ?uid communication further includes activating 
a heating device arranged near the probe to heat the forma 
tion ?uid. 

[0021] Suitably, the probe is associated With a packer pad 
in an assembly, and the heating device is placed in the packer 
pad. Alternatively the heating device is arranged on the tool. 
The heating device may be a device generating microWaves, 
light Waves or infrared Waves. The heating device may also 
be an electrical heater, a chemical heater or a nuclear heater. 

[0022] The method of the present invention can as Well be 
applied in a cased borehole. In this case the step of loWering 
the tool into the borehole comprises tWo steps. At ?rst a 
perforation set is made through the casing Wall into the 
formation at a location Where the temperature needs to be 
established, Wherein the perforation set comprises at least 
one perforation extending into the formation layer. Then the 
tool is loWered into the cased borehole. The tool is further 
provided With an upper and a loWer packer arranged at either 
side of the inlet of the central conduit, Wherein the central 
conduit opens beloW the loWer packer or above the upper 
packer, and Wherein the distance betWeen the upper and the 
loWer packer is larger than the height of a perforation set. 

[0023] Making an exclusive ?uid communication then 
comprises setting the packers so that the perforation set is 
straddled betWeen the packers. 

1. Amethod of measuring the in situ static temperature of 
a formation traversed by a borehole, Which method com 
prises the steps of 

a) loWering to a predetermined position in the borehole a 
tool that comprises a central conduit having an inlet and 
being provided With a temperature sensor in contact 
With the ?uid, means for analysing the ?uid, and means 
for discharging ?uid; 

b) making an exclusive ?uid communication betWeen the 
formation and the inlet of the central conduit; 
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c) alloWing formation ?uid to pass through the central 
conduit; 

d) analysing the formation ?uid; and 

e) measuring the temperature When the formation ?uid is 
substantially uncontaminated. 

2. The method according to claim 1, Wherein making an 
exclusive ?uid communication betWeen the formation and 
the inlet of the central conduit comprises extending into the 
formation a probe having an outlet that is in direct ?uid 
communication With the inlet of the central conduit of the 
tool. 

3. The method according to claim 2, Wherein making an 
exclusive ?uid communication further includes activating a 
heating device arranged near the probe to heat the formation 
?uid. 

4. The method according to claim 1, Wherein the forma 
tion is traversed by a cased borehole, Wherein step 

a) comprises 

a1) making a perforation set through the casing Wall 
into the formation at a location Where the tempera 
ture needs to be established; 

a2) loWering the tool into the borehole to the perfora 
tion set, Which tool is further provided With an upper 
and a loWer packer arranged at either side of the inlet 
of the central conduit, Wherein the central conduit 
opens beloW the loWer packer or above the upper 
packer, and Wherein the distance betWeen the upper 
and the loWer packer is larger than the height of a 
perforation set, and Wherein step b) comprises set 
ting the packers so that the perforation set is 
straddled betWeen the packers. 


