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Abstract Structural wellbore integrity is an important issue for a sustainable
provision of geothermal energy. Raman scattering based fiber optic distributed
temperature sensing (DTS) can help to monitor the status of a well and there-
fore help to optimize expensive work-over activities. This study reports on the
installation of a fibre optic cable in the cemented annulus behind the anchor
casing in the high temperature geothermal well HE-53, Hellisheiði geothermal
field, SW Iceland. Although the cable has been damaged during the installa-
tion, temperature data could be acquired during the entire length of installa-
tion down to 261.3 m. Temperature measurements were performed during the
installation in spring 2009, during the onset of a flow test in summer 2009 and
after a 8.5 month shut-in period in summer 2010. During the flow test, maxi-
mum temperatures of 230 ◦C were measured after two weeks fluid production.
Using optical time domain reflectometry (OTDR), attenuation measurements
at 850 and 1300 nm enabled to identify mechanical, thermal, and chemical
degradation along the optical fibre. The observed degradation led to erroneous
temperature readings and limits, due to the optical budget of the DTS system,
the accessible length of the fibre. The characteristics and the influence of the
different degradation mechanisms on the accuracy of the DTS measurements
are discussed and recommendations for an optimized installation are given.
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1 Introduction

Within mitigation strategies for the climate change, geothermal energy plays
an important role for the future energy supply (Sims et al, 2007). In order to
characterize a geothermal reservoir and to design a strategy for a sustainable
production of energy, measuring transient well-bore temperatures is impor-
tant. It is well established that transient temperature measurements after the
drilling process can be used to determine static formation temperatures (e.g.
Dowdle and Cobb, 1975). Furthermore, they can also be used to identify rel-
evant feed zones to a well (e.g. Nowak, 1953; Stefánsson and Steingrímsson,
1980). Formation temperatures as well as temperature changes during the pro-
duction or injection of geothermal fluid are necessary informations to design
the infrastructure at a geothermal site (e.g. Saadat et al, 2010).

Over the last two decades, fibre optic distributed temperature sensing
(DTS) based on Raman backscattering has been increasingly used for well-
bore applications, e.g. in the petroleum industry (Williams et al, 2000; John-
son et al, 2004; Pimenov et al, 2005) as well as for geothermal (Hurtig et al,
1994; Förster et al, 1997; Günzel and Wilhelm, 2000; Henninges, 2005) and
climate studies (Freifeld et al, 2008). Apart from wellbore applications, DTS
systems have been applied for pipeline leak detection (e.g. Tanimola and Hill,
2009) or underground mine surveillance (e.g. Aminossadati et al, 2010). DTS-
technology is a means to acquire quasi continuous temperature measurements
along the entire length of an optical fibre. Integrating an optical fibre in an
appropriate wellbore cable, a temperature profile over the entire length of the
cable can be determined. Permanently installed behind casing, temperature
information can be acquired without well intervention.

DTS is especially well suited for the application under harsh well-bore
conditions. The passive fibre optic cable can be remotely controlled and no
electronics have to be lowered into the well. To acquire a continuous temper-
ature profile, a laser pulse is coupled into the fibre and backscattered photons
of the Stokes and Anti-Stokes wavelengths are recorded. The ratio of these
signals can be calibrated to ambient temperatures and is therefore sensitive to
differential attenuation changes within these frequency bands along the fibre.
From the travel time of the signal, the location of the temperature information
along the fibre can be determined (e.g. Hartog, 1983).

Conventional high temperature geothermal wells, like in high enthalpy ar-
eas in Iceland, reach temperatures up to 350 − 380 ◦C (Arnórsson, 1995). To
increase the energy output from individual geothermal wells, accessing un-
conventional geothermal reservoirs comes into the focus of current research
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activities (e.g. Fridleifsson and Elders, 2005; Bignall, 2010). Tapping geother-
mal fluids at supercritical conditions might enhance the energy output from a
single well by an order of magnitude (Albertsson et al, 2003). In order to ac-
quire temperature data from such wells, electronic as well as fibre optic logging
devices can be used.

Although special optical fibres have to be selected for the application in a
hot geothermal well, optical fibres are well suited for the application at elevated
temperatures. Beside temperature, the ingression of hydrogen is an important
aspect that has to be considered using optical fibres in harsh environments.
Within the geothermal fluid of high temperature geothermal wells in Iceland,
hydrogen is often present (Arnórsson, 1995). In the presence of hydrogen,
however, optical properties of fibres degrade rapidly due to hydrogen ingression
and hydroxyl formation (Smithpeter et al, 1999; Williams et al, 2000; Normann
et al, 2001).

The ingression of hydrogen and the subsequent formation of hydroxyl
causes strong absorption peaks at relevant wavelengths (Stone and Walrafen,
1982; Humbach et al, 1996; Williams et al, 2000). The increasing absorption at
individual wavelengths leads to an increase in the differential attenuation be-
tween the Stokes and Anti-Stokes band. Changing the differential attenuation
skews temperature measurements over time, i.e. measured DTS temperatures
become increasingly different to ambient temperature conditions (Normann
et al, 2001). The ingression of hydrogen in to the fibre can be reduced using
hydrogen diffusion barriers like hermetic carbon coatings. Although carbon
acts as a hydrogen diffusion barrier at low temperatures, hydrogen diffusion
can be detected at temperatures above 100 ◦C (Lemaire and Lindholm, 2007).
Pure silica core fibres have been shown to be an alternative for application in
hydrogen rich environments (Kaura and Sierra, 2008).

Mechanical stress onto the fibre can lead to micro- and macrobending loss,
influencing the wavelength dependent attenuation characteristics. Changing
temperatures, a different coefficient of thermal expansion (CTE) between coat-
ing and silica material as well as thermal degradation and stiffening of coating
material can cause microbending loss, which is defined as the loss induced by
"‘small random bends and stress in the fibre axis"’ (Lingle, Jr. et al, 2007).
Large deflections of the fibre axis, i.e. caused by localized mechanical stress
onto the cable, leads to macrobending loss.

In order to monitor wavelength dependent transmission changes along
the fibre, attenuation measurements at standard telecommunication (850 and
1300 nm) wavelengths can be used to qualitatively monitor the optical prop-
erties (Smithpeter et al, 1999). Hydrogen ingression,causes strong absorption
peaks which can be detected using the attenuation ratio a1300

a850 (Humbach et al,
1996; Smithpeter et al, 1999). Due to the proximity of the 1300 nm testing
wavelength to the hydroxyl absorption peaks at 1270 and 1380 nm, the ratio
increases with increasing hydrogen load of the optical fibre. Using the ratio
of attenuation values, different degradation processes and resulting influences
on the measured temperatures can be assigned to different regions along the
fibre.
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In order to reduce the influence of a differential attenuation change along
the fibre, conventional DTS systems allow for measurements from both sides
of the fibre. If there is no possibility for temperature reference points along
the fibre, averaging measurements from both ends of the fibre can be used to
correct for a differential attenuation change and hence a measured tempera-
ture change (van de Giesen et al, 2012). Beside these so called double-ended
measurementsLee (2007); Suh and Lee (2008) presented the dual laser prin-
ciple to reduce the effect of hydrogen on the measured temperature. Here,
measurements from two different incident wavelengths are used to correct for
hydrogen absorption. The dual laser principle can be used to detect differential
attenuation changes if only one end of the fibre can be accessed. Furthermore,
recent DTS systems allow for self-inspection and self-calibration during the
temperature measurement.

This study was designed to test the performance of a novel fibre optic ca-
ble under in-situ conditions. Within an earlier study (Reinsch and Henninges,
2010), a polyimide-coated graded-index multimode fibre with an additional
hermetic carbon layer between coating and cladding has been chosen for de-
ployment. Using this fibre type, a novel fibre optic cable has been developed,
manufactured, tested prior to the installation (Reinsch, 2012) . Here, we re-
port on the installation of the fibre optic cable behind the anchor casing of
well HE-53 in the Hellisheiði geothermal field in SW Iceland as well as the
performance of the cable during three different field campaigns. Temperature
and attenuation measurements were performed during the cementation (May
2009) of the anchor casing and the onset of a flow test (July/August 2009)
as well as after the termination of this flow test when wellbore temperatures
reached static formation temperatures, again (August 2010).

Details on the calibration procedure as well as the measured field data
can be accessed in a supplementary data publication (Reinsch and Henninges,
2012).

1.1 Hellisheiði Geothermal Field

The Hellisheiði geothermal field is situated in SW Iceland, close to the Hengill
central volcano. The Hengill volcanic system is associated with two presently
exploited geothermal systems. To the North, the Nesjavellir geothermal field is
used to produce electrical energy and hot water for space heating since several
years. Recently, the Hellisheiði geothermal field in the south of the volcano
was started to be exploited. Due to the meteoric origin of the geothermal fluid
in the Hengill area (Arnórsson, 1995), the salinity in Hellisheiði is very low
with a concentration of total dissolved solids of approx. 1500 ppm (Franzson
et al, 2005).

Within the Hellisheiði area, HE-53 is situated in the Hverahlíð geothermal
field. The geology in the vicinity of well HE-53 is dominated by lava successions
with intercalated hyaloclastite formations, formed in underwater eruptions.
Rock alterations caused by geothermal activity range from fresh rocks which
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are in contact to the shallow groundwater aquifers through zeolith assemblages
to high temperature assemblages. In between the volcanic succession, intrusive
rocks can be found (Níelsson and Franzson, 2010).

From deep wells (2000-2800 m) it is known that a high temperature system
of 200 − 320 ◦C is situated below 600 − 1000 m depth (Níelsson and Franzson,
2010). Geothermal fluid within the Hellisheiði geothermal field is currently pro-
duced from 30 wells which are operated at wellhead pressures from 15 − 25 bar
(Sigfusson and Gunnarsson, 2011). As the produced fluid is at the boiling
point, temperatures can be derived from steam tables. Pressures of 15 − 25 bar
at the wellhead, therefore, correspond to temperatures of 200 − 225 ◦C (Lem-
mon et al, 2007). The wells have an average discharge of 37 kg/s and an en-
thalpy of 1675 J/kg (Sigfusson and Gunnarsson, 2011).

2 Installation of DTS Sensor cable

2.1 Concept

The novel wellbore cable has been developed in collaboration with nkt cables
GmbH (Geckeis et al, 2011). Its outer diameter (OD) is 5.0 ± 0.2 mm. The
sensing fibre is embedded in a stainless steel (material 1.4301) loose tube with
an outer diameter of 1.8 mm. The armour is made of bronze wire. Water
blocking yarn is used to reduce fluid migration along the cable. A second
stainless steel loose tube (OD 3.5 mm) protects the armour. The cable is
jacketed with a 0.75 mm layer of perfluoroalkoxy (PFA).

In Iceland, the casing profile of high-temperature geothermal wells is stan-
dardized following the standard American Petroleum Institute (API) oilfield
tubular diameters (Thorhallsson, 2008). A typical casing profile for high-
temperature wells, which is used in the Hellisheiði geothermal field as well,
is shown in Figure 1(a). Based on the expected flowrate of less than 80 kg/s,
a "slim hole" casing diameter with a 9 5/8" production casing has been chosen
for well HE-53 (Table 1).

In order to avoid an additional feed-through for the cable at the wellhead,
it has been installed behind the anchor casing. For the installation of the
anchor casing, conventional rigid blade centralizers are used (Econ-o-gliderTM,
Downhole Products Ltd., OD 17”). The cable is attached to the centralizers,
using button head ties. In between the joints, tape and cable ties are used to
attach the cable close to the casing. On the joints, the cable is attached with
tape, again. Thus, the distance between anchor casing and cable varies along
the well between zero and approx. three centimetres, respectively (Figure 1(c)).
A centralizer is installed underneath every joint below the surface casing and
underneath every second joint within the surface casing.

In order to increase the lifetime of the cable and the accuracy of the mea-
surements, an installation in a loop configuration with a 180◦ separation be-
tween both cable branches around the perimeter of the casing was chosen. The
loop configuration was designed to allow for performing DTS temperature mea-
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Table 1 Diameter of drill bit and casing as well as depth information for well HE-53
(Icelandic nomenclature and drillers depth; courtesy of Reykjavik Energy).

Casing Bit Size Casing OD Drilling Depth Casing Depth
(in) (in) (m) (m)

Surface Casing 21 18 5/8 62.8 61.3
Anchor Casing 17 1/2 13 3/8 302.8 299

Production Casing 12 1/4 9 5/8 959.1 959
Perforated Liner 8 1/2 7 2500.6 2463.3

surements from both ends of the fibre and therefore reduce the detrimental
effects of fibre alteration on the measured temperatures. The 180◦ separation
of the cable was meant to increase the probability for a successful measurement
of a temperature profile down to the total depth of installation. Damaging one
branch of the cable, the probability for an undamaged second branch would be
higher. DTS temperature measurements in single ended configuration would
still be possible.

For the turnaround at the very bottom of the cable installation, two of the
centralizers’ rigid blades have been carved and additional aluminium profiles
were attached to fix the cable (Figure 1(b)). In order to protect the cable
during installation of the casing, a second centralizer was mounted to the
casing below the modified one with an offset of 30◦.

The loop configuration, furthermore, allows for a continuous flushing of
the cable with Argon. It is known that heating the fibre in inert atmosphere
instead of air is capable of reducing the degradation of the coating (Reinsch
and Henninges, 2010). Furthermore, it has been observed that flushing the
cable could significantly contribute to a reduction of harmful chemical species
(e.g. hydrogen released from the cable itself due to cracking of forming oil at
elevated temperatures Williams et al, 2000; Reinsch, 2012) along the cable and
therefore increase the lifetime of the installation at high temperatures.

2.2 Field Work

The fibre optic cable has been installed down to a depth of 261.3 m. During
the installation, the cable was accidentally cut two times, leaving one end
accessible down to 179.5 m (western side of the well) and the second down to
the turnaround at 261.3 m (eastern side of the well). Furthermore, a damage
of the fibre at the eastern side was detected in a depth of about 235 m (Figure
5(a)). For the accessible parts of the cable, similar attenuation values were
measured before and after the installation.

Having the cable cut, flushing it with Argon could not be performed. Po-
tential harmful chemical species could not be removed from the cable. With the
fibre only accessible from one end, DTS measurements could be performed in
single-ended configuration. Furthermore, the state of the cable for each branch
was monitored using optical reflectometry techniques, only.
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(a)

(b) (c)

Fig. 1 (a) Casing profile for Icelandic high temperature wells (modified after Thorhallsson,
2003, Icelandic nomenclature) and (b) schematic sketch of the turnaround below the first
casing joint above the float collar. (c) Sketch showing the position of the cable behind casing.
DTS temperatures are averaged over a 1 m interval, which is indicated as well (not to scale).

3 Fibre Optic Measurements

Three successive field campaigns have been performed. First, data have been
acquired directly after the installation of the sensor cable during the cementa-
tion of the anchor casing in May 2009. Data were used to evaluate the perfor-
mance of the cementation as well as to test the measurement equipment after
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installation. A second field campaign has been performed during the onset of
a flow test in July/August 2009 to evaluate the performance of the fibre optic
cable during rapid temperature changes and at high temperature conditions.
In order to gather information about the state of degradation of the fibre-optic
cable after the three-month flow test, a third campaign has been performed in
August 2010 after a subsequent 8.5 month shut-in period.

Prior to the field campaign, the wellbore cable has been calibrated to the
expected temperature range. In laboratory tests, the absolute temperature ac-
curacy over the entire temperature range from 0 − 240 ◦C has been determined
to be 0.5 ◦C for an integration time of about 10 min (Reinsch and Henninges,
2012).

3.1 Experimental Set-Up and Measurement Schedule

For the three field campaigns, a similar experimental set-up was used (Figure
2). A 100 m fibre optic extension terminated with E2000 APC connectors was
used to connect the surface readout unit (SRO) with the wellbore cable. There-
fore, a pigtail terminated by an E2000 APC connector has been spliced to the
wellbore cable. At the surface, an excess length (SEL ≥ 15 m) of the wellbore
cable was accessible to gather reference temperature information (Table 2).

For the first measurement campaign, the SEL was placed on the rig and
exposed to ambient weather conditions. Reference temperature information
was gathered from the nearby weather station Hellisheiði to evaluate the ab-
solute accuracy of the measurements. For the second and third campaign,
the SEL was placed in an ice bath and a temperature offset correction was
applied. Temperature data from the third campaign have been compared to
an undisturbed temperature profile from shortly before the flow test and to a
conventional temperature log which was measured simultaneously in the neigh-
bouring well HE-36 (horizontal distance approx. 10 m). As DTS measurements
were performed over a large temperature range, an additional polynomial tem-
perature correction has been applied to the measured data. Further details can
be found in Reinsch and Henninges (2012).

Distributed temperature measurements were conducted using a DTS800
from Sensa with a 1064 nm Nd:YAG-laser. Beside temperature measurements,
optical time domain reflectometry (OTDR) measurements were performed to
determine the optical attenuation at 850 and 1300 nm using a MTS5100 from
Wavetek. The evolution of attenuation over time is used to evaluate the degra-
dation of the optical fibre. As sensing fibre, a 50/125 µm graded-index mul-
timode fibre was used (Geo50 fibre from OFS Fitel, LLC). The coating was
made of polyimide with an additional carbon layer between clad and coating.
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Fig. 2 Schematic experimental set-up for DTS and OTDR measurements. The surface
readout unit (SRO) is connected via an optical extension to the surface excess length (SEL)
of the wellbore cable.

Table 2 List of the three logging campaigns. The begin of the individual measurements is
listed together with the duration of the campaign and the acquisition time for individual
logs.

# Begin DTS Measurement Duration Acquisition SEL Offset
(h) Time (s) Correction

1 05/04/2009 00:25 46 27 ambient no
2 07/28/2009 16:52 115 18 ice bath yes

since 08/02/2009 12:20 241 104 ice bath yes
3 08/10/2010 15:54 25 103 ice bath yes

3.2 Results

3.2.1 Temperature Measurements

First DTS Logging Campaign: Cementation The temperature evolution within
the annulus during the cementation of the anchor casing is shown in Figure
3 (left). Temperature within the annulus is generally increasing during the
measurement. Periodic temperature variations can be seen with depth. The
wavelength is approximately 5 − 6 m. For the first few hours, temperature
stays constant with variations below 5 ◦C (profiles at 3 and 5 h). After that,
temperature increases rapidly by more than 40 ◦C (profiles at 20 and 25 h).
A strong temperature decrease and a smoothing of the temperature profile
was observed between 25 and 40 h for the uppermost 107 m. The temperature
decrease corresponds to the time when the casing has been filled with cold
water for cement bond logging (CBL) at about 29.5 hDTS.

Second DTS Logging Campaign: Flow Test For the flow testing period, tem-
perature data for different times are shown in Figure 3 (middle). Prior to
production testing in well HE-53, baseline temperature measurements were
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Fig. 3 DTS Temperature profiles recorded at different times (h) after beginning of logging
during the three different field campaigns (3 m moving average). Left: cementation (27 s
temporal average), middle: flow test (18 s temporal average before and 104 s after 115 hDTS)
and right: shut-in (1 h temporal average). For the shut-in, additional temperature data from
well HE-36 is given together with the water table in this well. Data from HE-36 courtesy of
Reykjavik Energy.

performed (0 − 20 hDTS
1). The temperature profile was almost homogeneous

at about 10 ◦C along the cable, except for two variations in 0 − 37 m and
39 − 78 m, where measured temperatures were considerably higher by 10-
15 ◦C (profile at 20 hDTS). Temperature variations with time were not ob-
served. As the measurement was performed one month after well completion,
the well temperature is assumed to be rather close to the undisturbed forma-
tion temperature.

After 20 h of logging, the well was opened for bleeding, i.e. gas at top of
the well column was released. During the first 6 h of bleeding, temperatures
below approx. 235 m increased by about 10 ◦C (profile at 26 hDTS). The tem-
perature profile above did not change. Afterwards, a subsequent temperature
increase was observed in subsequently shallower depth intervals. Starting at
the bottom of the installation, the temperature increase continued to migrate
upwards (profile at 32 hDTS). Temperatures below 40 m increased whereas
they decreased above. Initially high temperatures of 25 ◦C in 15 m depth, for
example, decreased by 8 ◦C. At about 30 − 32 hDTS the temperature profile

1 For the second logging campaign, the beginning of the DTS logging is used as reference
time; hDTS
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stabilized. The temperature increase below 70 m slowed down and tempera-
tures even decreased, again. A rapid increase was observed after 46 h, when the
well was opened for production (profile at 46 hDTS). For the entire time DTS
measurements were performed, increasing temperatures were measured after-
wards. Shortly after the rapid temperature increase, the DTS signal was lost
below 235 m. The measurements were stopped after two weeks of continuous
logging.

The overall temperature signal exhibits similar periodic changes with depth
as observed during the cementation. Furthermore, strong negative temperature
excursions were measured in about 175 m and 235 m. Maximum temperatures
measured within the annulus at the end of the measurement campaign reached
229.98 ◦C at 162.87 m (Figure 4). At specific times, e.g. at time 173.3 hDTS ,
strong temperature variations were observed along the entire temperature pro-
file (Figure 4). These times correspond to the time of OTDR measurements,
when the connectors have been switched between the different surface readout
units.

After the end of the fibre optic logging campaign, flow testing continued
until end of November 2009. Figure 4 shows the calculated evolution of the
wellhead temperature in comparison to the measured DTS temperature. Af-
ter starting the measurement at 68 hDTS , wellhead pressure was continuously
measured during the production period. As a two phase fluid is produced from
the well, the wellhead temperature has been calculated according to the boil-
ing point curve of pure water (Lemmon et al, 2007). The wellbore fluid salinity
in the Hellisheiði geothermal field is below 1500 ppm (Franzson et al, 2005).
Calculated temperatures are therefore slightly lower than actual values. The
difference, however, is small (less than 0.5 ◦C at 100 ◦C and 1 bar for 1500 ppm
NaCl, Driesner and Heinrich, 2007) and therefore neglected in the following.

Third DTS Logging Campaign: Shut-In The measured DTS temperature dur-
ing the third logging campaign is shown in Figure 3 (right) together with a
conventional temperature profile simultaneously acquired in the neighbouring
well HE-36 and a temperature profile from the beginning of the second field
campaign. After the end of the flow test, temperature data could be recovered
down to a depth of 175 m. Below, the signal was lost. Two temperature max-
ima could be observed within the uppermost 90 m, with a minimum in about
40 m depth. Below, the temperature decreases to approx −4 ◦C in a depth
of 155 m. Further down, temperatures increased slightly, but remained below
5 ◦C.

The DTS temperature from the beginning of the second field campaign is
shown in comparison. It is assumed to resemble undisturbed formation tem-
peratures, as mentioned above. Temperature data between both measurements
differ by more than 10 ◦C in specific depth intervals. Although DTS temper-
ature from after the flow test is about 10 ◦C higher than before in the depth
interval 40 − 120 m, the overall appearance with two maximum temperatures
and a minimum in between in a depth of about 40 m is similar. Below, tem-
perature data are much lower after the flow test, compared with data acquired
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Fig. 4 Comparison of wellhead temperature evolution and DTS temperature readings dur-
ing a flow test in HE-53 in 2009. Temperatures at the wellhead are calculated according
to the boiling point pressure for pure water. DTS temperature readings from a depth of
162.87 m below ground surface are displayed. The inset plot shows a zoom in for the period
170 − 190 hDTS . Wellhead pressure courtesy of Reykjavik Energy.

before. Furthermore, strong variations, as observed after the flow test, were
not measured before.

The temperature profile in well HE-36 differs from the DTS profiles, as it
has been acquired using a conventional slickline temperature gauge. Above
the water table, therefore, the temperature profile is almost homogeneous
at about 16 ◦C. Below, the profile is almost homogeneous for approx. 35 m
(120 − 155 m) at about 10 ◦C. Further down, the temperature in HE-36 in-
creases slowly. For the depth interval 120 − 155 m, temperature readings for
the beginning of the second logging campaign and the profile measured in
HE-36 are similar. Above and below, they are different.

3.2.2 Attenuation Measurements

First DTS Logging Campaign: Cementation Attenuation measurements from
before the installation and after cementation are shown in Figure 5(a). Before
the installation, the attenuation profile was smooth, showing no signs of dam-
ages along the cable. During the installation, the cable was accidentally cut
two times. A further damage could be detected on the longer branch on the
eastern side (Section 2.2). Changes of the attenuation during the cementation
were not detected.

Second DTS Logging Campaign: Flow Test During the second logging cam-
paign, OTDR attenuation measurements were performed two times a day.
Attenuation profiles from the beginning and the end of the second logging
campaign are shown in Figure 5(a) (profiles 0 and 356 hDTS). According to the
attenuation profile at 356 hDTS , different regions have been assigned along the
fibre. Region 1 (0 − 170 m) is the uppermost region with a relatively smooth
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attenuation profile. Region 2 (170 − 180 m) is characterized according to the
sharp attenuation increase which evolves in the course of the test in compar-
ison the profile acquired at 0 hDTS . The third region (180 − 230 m) is again
characterized by a smooth attenuation profile and terminated by the damage
in about 235 m, detected during the installation. This damage and the part of
the fibre lost during the flow test (230 − 261 m) belongs to region 4. During
heating of the well, changing attenuation ratio values were detected in different
sections along the fibre (Figure 6(a)).

1. Region 1: No changes of the attenuation ratio could be detected in this
region. The attenuation at 850 nm, averaged over the interval 0 − 150 m,
remained similar from 2.3 dB/km after the installation to 2.4 dB/km at
the beginning of the flow test but increased to 2.7 dB/km at the end of
the second logging campaign. During the high temperature period, the
attenuation at 850 nm continuously increased, as shown in Figure 6(b).

2. Region 2: The attenuation ratio changes significantly in the course of the
experiment. It increases rapidly with increasing temperature (Figure 6(a)).

3. Region 3: A small linear increase of the attenuation ratio was detected
over time. The attenuation at 850 nm almost doubled to 4.2 dB/km for
this region (averaged over the interval 190 − 220 m).

4. Region 4: After heating of the well, no data could be collected below
approx. 230 m.

Third DTS Logging Campaign: Shut-In After the flow test, data could only
be acquired for region 1 (Figure 5(a), profile at 9047 hDTS). The fibre was
cut in region 2 in about 175 m, where the damage was detected during the
onset of the flow test. The attenuation at 850 nm increased from 2.4 dB/km at
the beginning of the flow test to 18.6 dB/km at the time of the third logging
campaign. Differential attenuation along the fibre increased by approx 100 %
(Figure 6(a)).

In Figure 5(b), the attenuation has been plotted without the trend shown
in Figure 5(a). The attenuation change strongly corresponds to the tempera-
ture profile which was measured during the flow test. High attenuation values
correspond to sections of high temperature along the fibre.

3.2.3 Accuracy

In order to estimate the accuracy of the DTS measurement during the three
field campaigns, different error sources have been evaluated and an attempt
has been made to give approximate values for these errors. A strong influence
on the measured DTS temperature has been observed during un-plugging and
re-plugging of the DTS connectors for OTDR measurements (∆Tcon). Fur-
thermore, elevated temperatures can have an influence on the measured DTS
temperature due to a degradation of the optical fibre ∆Tdeg.

For double ended measurements using the experimental set-up described
in Reinsch and Henninges (2012), the absolute accuracy for the temperatures
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(a) (b)

Fig. 5 Attenuation profiles at 850 nm (a) before installation and for the second (0 and
356 hDTS) and third (9047 hDTS) measurement campaign. The profile recorded at the end
of the first logging campaign is similar to the profile recorded at 0 hDTS at the beginning
of the second logging campaign and is therefore not displayed. Different regions along the
fibre are indicated (see text for details). (b) Attenuation at 9047 hDTS without trend shown
in (a), in comparison to a temperature measurement from during the flow test.

(a) (b)

Fig. 6 (a) Attenuation ratios for the different regions (R1-R3) of the eastern cable branch
during the flow test. Values measured during the third campaign are displayed for region 1,
as well. (b) Average attenuation at 850 nm together with the mean DTS temperature within
region 1.
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Table 3 Estimated DTS temperature error values associated with the three measurement
campaigns (∆TDTS). Except for the first campaign, the offset recorded at the SLE has
been corrected. DTS measurements have been suspended for OTDR measurements during
the second field campaign, only. The error associated with the connector change (∆Tcon),
therefore is neglected for the other campaigns. For further details, see text.

Error (◦C) Cementation Flow Test Shut-In

∆Toff 1.3 0.0 0.0
∆Tcon 0.0 2.0 0.0
∆Tcal 0.5 0.5 0.5
∆Trel 0.1 0.1 0.1
∆Tdeg 0.0 0.0 >10

∆TDTS 1.9 2.6 >10

below 240 ◦C has been determined to be about ∆Tcal =0.5 ◦C (Reinsch and
Henninges, 2012). The relative accuracy for the DTS800 expected for this mea-
surement has been determined to be about ∆Trel =0.1 ◦C for an integration
time of 10 min in double ended configuration (Henninges et al, 2005b) for a
fibre of 2908 m length. For single ended measurements, however, these values
increase, as non-linear differential attenuation changes between the Stokes and
Anti-Stokes signal cannot be compensated for and the initial linear differential
loss between both bands has not been accurately determined for this cable. As
only single ended measurements could be performed, a constant offset ∆Toff

has been determined for the different measurement campaigns at the SLE.
The combined error is therefore:

∆TDTS = ∆Toff + ∆Tcon + ∆Tcal + ∆Trel + ∆Tdeg (1)

Table 3 lists the estimated maximum measurement errors associated with
the different field campaigns for region 1 of the eastern cable branch.

First DTS Logging Campaign: Cementation In order to quantify the absolute
accuracy of the DTS measurements during the cementation process, the DTS
temperatures along the SEL of the eastern cable branch were measured and
compared to ambient weather conditions (Figure 7). On average, temperatures
logged by the DTS were ∆Toff =1.3 ◦C lower than temperatures from the
weather station with a standard deviation of 0.3 ◦C. Depending on the speed
of the wind, which blew constantly roughly from the station in direction to
the well, the difference ranged from 0.5 to 2.0 ◦C.

Second DTS Logging Campaign: Flow Test At high temperatures, bad con-
nectors have a significant influence on the measured temperature due to an
increase in differential attenuation of the backscattered signal. After correcting
for the temperature loss in the ice bath, an influence on the temperature of up
to ∆Tcon =4.6 ◦C has been detected (Figure 4 at 173.3 hDTS) for a damaged
fibre optic extension. Changing the extension could significantly reduce the
error at 187 hDTS . At other times (e.g. 163 hDTS or 198 hDTS , Figure 6(a))
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(a) (b)

Fig. 7 (a) Average DTS temperature measurements along the surface excess length in com-
parison to data measured by a nearby weather station. (b) Wind direction during the mea-
surement. Weather data courtesy of the Icelandic Meteorological Office, Station Hellisheiði
(64◦1.127’, 21◦0.543’ (64.0188, 21.3424)).

the error introduced by plugging and unplugging resulted in a temperature
change lower than ∆Tcon =2.0 ◦C in the depth of 162.87 m, where maximum
temperatures were measured in the course of the second field campaign (Figure
4).

Third DTS Logging Campaign: Shut-In From the comparison of different tem-
perature profiles in Figure 3 (right), it can be seen that DTS temperature read-
ings after the flow test differ by ±10 ◦C from temperatures measured before.
Above 40 m, DTS temperatures were lower. Within the interval 40 − 120 m,
temperatures were higher. Below, they were lower, again. For furhter details,
see Section 3.2.1.

4 Discussion

4.1 Installation

After the installation, damages to the cable were detected at three posi-
tions. Despite the damages, however, temperature measurements could be
performed. The following points were identified as possible reasons for the
damaging of the cable during installation:

1. Lithology: The well is drilled in very young, brittle and unconsolidated
rock formations. Rock fragments might have been carried along with the
casing during installation which could have damaged the cable in narrow
wellbore sections.
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2. Wellbore breakouts: Large wellbore breakouts occurred within the pen-
etrated rock formations. The cable might have been damaged due to a
possible loss of centralization of the casing within these breakout sections.

3. Movement of centralizers: After the bottom of the wellbore had been
touched, the casing was lifted about 5 m to reach its final position. This
might have led to a differential movement between casing and centralizers
to which the cable is attached to.

Similar permanent installations of fibre optic cables behind casing have been
successfully performed at other sites, e.g. in sedimentary successions at Mallik,
Canada (Henninges et al, 2005a), Ketzin, Germany (Prevedel et al, 2008),
or the Daqing Oilfield in China (Zhou et al, 2010). Although the length of
these installations exceeded the one in Iceland by a factor of 3-4 and the
clearance between casing and formation was even smaller at these sites, the
cables have been installed without any, or only minor damages. Compared
to these installations, the brittle nature of the rock formations seems to be
a reasonable explanation for the damages encountered during the installation
described herein.

During flow testing and hence warming of the well, further damages were
detected. These are attributed to the thermal expansion of the casing.

4.2 Temperature Measurements

First DTS Logging Campaign: Cementation The measured annular tempera-
ture changes due to the exothermic hydration of the cement slurry. The period
of the observed temperature variations with depth resembles the length of in-
dividual casing pipes. The temperature variations along the profile, therefore,
correspond to the location of the cable within the annulus. Higher tempera-
tures generally correspond to locations where the cable is fully embedded in
cement, lower temperatures correspond to depth sections, where the cable is
either attached to the colder casing or little cement is in place.

During the first eight hours, temperature variations are caused by the
pumping of cement. The slurry temperature was slightly higher than the well
temperature after the drilling process. After pumping, the heat of hydration
led to the rapid increase of temperatures along the well axis. The water table
within the well was at 107 m after the cement string was removed. Tempera-
tures above, increased to much higher values than below due to the difference
in density and specific heat capacity between fluid and air filling the well. This
greatly influences the measured temperature profile before filling the casing.

Second DTS Logging Campaign: Flow Test The measured annular tempera-
ture depends on the wellbore conditions, i.e. undisturbed or static temperature,
bleeding or flow testing conditions. Furthermore, the measured temperature is
dependent on the cable-casing distance as well as the cement quality behind
the different casings. From the CBL of the production casing it is known, that
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the cement bonding is homogeneous over the entire depth interval of DTS
measurements. Therefore, effects of different cement qualities behind the pro-
duction casing on the measured DTS temperatures is assumed to be negligible
(Reinsch, 2012).

During static temperature conditions (0 − 20 hDTS), temperatures within
the annulus were constant except for the uppermost 78 m, where two separate
temperature maxima could be observed. These temperature maxima can be
explained by two separate aquifers. The upper aquifer is between 0 and 37 m
depth, and the lower between 39 and 78 m (Figure 3). Relatively high tem-
peratures of 28 ◦C might be related to the geothermal surface activity found
in a distance of approx. 250 m to the SE (Saemundsson, 1995). Vapour might
migrate along permeable layers, i.e. aquifers, within this depth ranges. Fur-
thermore, these layers might have been previously heated during flow testing
of the neighbouring well HE-36 and seeping of hot geothermal fluid into the
ground.

During bleeding of the well (20 − 46 hDTS), gas pressure was released at
the wellhead and the water table could rise to the surface. The ascent of fluid
from below the cable led to an increase in measured temperatures within the
first 10 h of bleeding. When the fluid table reached the wellhead (32 hDTS),
the rapid ascent of warmer fluid from deeper parts of the well was stopped as
the released volume of fluid per unit time is smaller than the volume of gas
released per unit time. The temperature slowly cooled down until the well was
opened for flow testing after about 46 hDTS .

Due to the rapid ascent of hot fluid (46 − 356 hDTS), the temperature
within the well increased. The measured temperature within the annulus was
strongly influenced by the distance between cable and casing. Small casing-
cable distance resulted in high temperatures, greater distance, lower tempera-
tures. Overall, the temperature measured within the annulus is strongly influ-
enced by the thermal properties of the cement in different depth intervals as
well as the caliper of the well. Small caliper diameters and little cement within
the annulus led to a lower DTS temperature, as heat could be transmitted to
the formation more effectively. The strong negative temperature excursions in
regions 2 and 4 correspond to the position of damages observed.

Third DTS Logging Campaign: Shut-In DTS temperature measurements have
been compared to the undisturbed temperature conditions, measured at the
beginning of the second logging campaign and a conventional temperature log
from the neighbouring well HE-36. Large temperature differences were ob-
served between the assumed undisturbed temperature profile from the second
field campaign and measurements from the third campaign. DTS temperatures
of −4 ◦C, as observed after the 8.5 month shut-in period, can be attributed
to the degradation of the fibre and do not resemble actual formation temper-
atures. Furthermore, temperature variations along the profile, e.g. in about
150 m depth can be correlated with large changes in the attenuation profile.

It remains to be mentioned that the DTS temperature profile from before
the flow test might not resemble undisturbed formation temperatures. During
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drilling activities, the well was actively cooled down. Possibly, the static tem-
perature of the permeable layers at top (above and below 40 m), did not fully
recover during the 1 month shut-in period between well completion and be-
ginning of the flow test. Furthermore, changing geothermal activity within the
aquifers, an influence of the subsurface leakage in HE-53 or seeping of geother-
mal fluid into the aquifer during flow testing might be possible explanations
for the deviation between the two measurements. From the comparison with
temperature data of well HE-36, however, undisturbed formation temperatures
can be assumed for the depth interval 120-150 m.

4.3 Attenuation Measurements

Attenuation measurements can help to identify different degradation mech-
anisms of the optical fibre. At low temperature conditions, only mechanical
stress acting on the optical fibre can cause locally increased attenuation val-
ues and hence influence the measured DTS temperature. Hydrogen ingression
is inhibited by the hermetic carbon coating. At elevated temperatures, how-
ever, three degradation mechanisms, leading to a persistent attenuation change
along the fibre can be assigned:

1. Mechanical stress onto the cable due to differences in thermal expansion
of the subsurface installations during the flow test.

2. Thermal degradation of the coating material due to the exposure to high
temperatures.

3. Chemical degradation of the light guiding silica structure due to the crack-
ing of oil within the cable and an increased diffusion rate of molecules
within the silica at high temperatures.

The first issue leads to a localized increase in loss values and is strongly
dependent on the temperature. A strong increase in the attenuation ratio
1300 nm/850 nm has been observed for this loss mechanism (see below). The
second issues would result in a smooth overall increase in attenuation at all
wavelengths. Loss increase caused by microbending is commonly not wave-
length dependent (Buck, 2004). Chemical degradation is most probably caused
by the ingression of hydrogen, released from the cable itself (Reinsch, 2012).
As the inner stainless steel loose tube was not filled with gel, a migration of
hydrogen along the fibre is possible. It should be observed, therefore, by a
smooth increase in the differential loss between 1300 nm and 850 nm along
the entire fibre.

First DTS Logging Campaign: Cementation During the installation, the cable
was accidentally cut two times in 179.6 m on the western branch and 261.2 m
on the eastern branch. Furthermore, the local attenuation increase in 235 m on
the eastern branch indicates a mechanical damage. As only single ended mea-
surements could be performed and bending loss can be wavelength dependent,
absolute temperature readings from below this damage are skewed. Reliable
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temperature information, therefore was recovered down to 179.6 m and 235 m,
respectively.

Second DTS Logging Campaign: Flow Test Different mechanisms of degrada-
tion could be assigned to different regions (Figure 5(a)). Whereas only little
changes were observed in region 1, significant changes were observed for the
other regions. The strong increase of the attenuation ratio with temperature
during the onset of the flow test indicates mechanical stress onto the fibre (re-
gion 2). Due to the thermal expansion of the subsurface installations, the cable
and thus the fibre became either squeezed in a certain depth range or bending
occurred in this depth. Due to a further increase in temperature during the
flow test, the attenuation ratio continues to increase as well. Beside mechanical
stress, an increased hydrogen load of the fibre might partly attribute to the
change in the attenuation ratio 1300 nm/850 nm. Only chemical stress alone,
however, cannot account for the strong attenuation increase. If the tempera-
ture increase lead to an increase in the hydrogen load alone, this should have
been observed in depth intervals with similar temperatures, as well.

During the flow test, temperature rose quickly over the entire length of the
cable. With increasing temperature, the intensity of elastically backscattered
photons (Rayleigh scattering) increases, increasing the overall loss along the
cable. The absolute attenuation at 850 nm remained at a similar value in region
1 between the end of the first logging campaign (2.3 dB/km) and the begin-
ning of the flow test (2.4 db/km). The increase at the end of the second logging
campaign (2.7 dB/km) can be partly attributed to an increased Rayleigh scat-
tering intensity with increasing temperature. The relative temperature sensi-
tivity of the Rayleigh signal is approximately 0.005 − 0.008 %/◦C (Grattan
and Meggitt, 1995; Ikushima et al, 2000). For a temperature increase along
the fibre of 200 ◦C, the relative increase in attenuation is 1 − 1.6 %, whereas
13 % have been observed. On the one hand, this difference might be explained
by the fact that the relative attenuation increase with temperature is just an
approximate value. No reference measurements with this fibre type have been
performed. On the other hand, the increased attenuation might be attributed
to an increased thermal degradation of the fibre. The latter explanation is more
probable, as the difference between calculated and observed changes is in the
order of one magnitude and the attenuation continuously increased during the
measurement. As the attenuation is continuously increasing at elevated tem-
peratures, the change in attenuation can be regarded as irreversible (Reinsch
and Henninges, 2010).

As described in Reinsch and Henninges (2010), irreversible attenuation
changes in polyimide fibres are caused by curing, thermal, thermo-oxidative
and moisture-induced degradation at elevated temperatures (Cella, 1996; Stolov
et al, 2008). The coating material looses plasticity and mechanical stress onto
the silica increases irreversibly. A subsequent change in temperature, like cool-
ing the fibre, would lead to a reversible attenuation change due to the different
coefficients of thermal expansion between the degraded coating and the silica.
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Region 3 shows a small, but gradual increase of the attenuation ratio over
time. This indicates chemical changes to the fibre, changing the optical trans-
mission properties. Although the exact mechanism of the degradation process
cannot be determined with the available data alone, hydrogen ingression and
the subsequent formation of hydroxyl within the fibre is a probable scenario.
The increased degradation can be observed by the strong increase of the at-
tenuation at 850 nm, as well (Figure 5(a), profiles 0 and 356 hDTS). With
reference to region 1, the attenuation increase due to thermal degradation of
the coating material should be lower than observed.

Below region 3, attenuation increases with depth until the cable was cut in
235 m, the position of the previously identified damage from the installation.
What led to the increased attenuation slightly above this depth cannot be
determined from the available data.

Third DTS Logging Campaign: Shut-In A mechanical damage of the cable oc-
curred in region 2 at approx. 175 m depth. The steep overall attenuation profile
in region 1 at wavelengths distant to the typical hydroxyl absorption bands,
might be caused by a thermal degradation of the coating material. As the
attenuation is strongly correlated to the temperatures experienced during the
flow test, the fibre coating shows a different degree of thermal degradation and
thus a different increase in microbending loss. Following the results of Reinsch
and Henninges (2010), the high attenuation increase can both be attributed
to a reversible and an irreversible attenuation increase. For a measurement at
higher temperatures, therefore, the overall attenuation would most probably
be lower than the observed 18.9 dB/km.

The increase in the attenuation ratio 1300 nm/850 nm indicates an increase
in the hydrogen load of the fibre (Figure 6(a), region 1, 9047 hDTS). As the ca-
ble could not be flushed with inert gas, the ingression of hydrogen into the fibre
from the cable itself could not be reduced. Due to the ingression of hydrogen,
the attenuation ratio between the Stokes and the Anti-Stokes band changed
in the course of the flow test. This, most likely led to the skewed temperature
profile which was measured in August 2010. During the second logging cam-
paign, however, such a severe degradation of the temperature signal was not
observed.

4.4 Accuracy

First DTS logging campaign: Cementation Although, relative temperature
readings are quite accurate, the absolute accuracy is difficult to determine
due to the absence of a reference temperature point along the cable.

To validate the absolute temperature accuracy, temperature data from the
SEL has been compared to temperature data from the Hellisheiði weather
station. The distance to the weather station is approx. 1.5 km to the north
east. In between weather station and well, a flat topography predominates and



22 Thomas Reinsch et al.

the elevation above the sea level is similar to the elevation of the well. Absolute
temperature differences can mainly be influenced by different factors:

1. Erroneous temperature readings of the DTS system.
2. Erroneous temperature readings of the weather station.
3. Microclimatic temperature differences caused by the rig itself or the topog-

raphy between the weather station and the well.

The first aspect seems to be the most important factor for the constant
temperature offset, as only single ended measurements could be performed.
Small variations are caused by microclimatic temperature changes due to the
heat produced by the rig itself. Smaller temperature differences at lower wind
speeds, i.e. higher temperatures measured at the SEL, correspond to a longer
residence time of the wind above the rig, before it reached the SEL.

A degradation of the optical fibre has not been detected. Therefore ∆Tdeg

is assumed to be 0.

Second DTS logging campaign: Flow Test Temperature measurements within
and below region 2 are influenced by mechanical stress onto the fibre. There-
fore, only region 1 is considered in the following.

A degradation of the temperature accuracy caused by a wavelength de-
pendent attenuation change and an increased attenuation ratio has not been
observed in Figure 6(a), although the attenuation at 850 nm slightly changed.
Therefore, a degradation of the temperature accuracy based on a wavelength
dependent attenuation change could not be detected (∆Tdeg =0 ◦C).

A possibility to access information about the accuracy is the temperature
evolution at the wellhead compared to the temperature evolution in a hot sec-
tion of the cable (Figure 4). For the later period of logging (200 − 340 hDTS),
the wellhead temperature increase is similar to the DTS temperature increase.
Both temperature evolutions have been linearly fitted. The temperature in-
crease for the wellhead temperature was 0.1120 ◦C/h, whereas for the cable
it was slightly different 0.1179 ◦C/h. For a flow testing period of 300 h, this
results in a temperature difference of ∆Tslope =1.77 ◦C.

The difference indicates a non-constant temperature difference between
both measurements, which was expected as heat is constantly transferred to
the formation. It has to be noted, that the wellhead temperature has not been
measured in the same depth as the DTS temperature used for this comparison.
Temperature trends within the well might be slightly different than at the
wellhead. In region 1, an increased measurement error could therefore not
determined using this temperature comparison.

Bad connectors increase the differential attenuation and have an influence
on the calculated temperatures. The error of a DTS temperature measurement,
introduced by a bad connector ∆Tcon, has been determined to be up to 2.0 ◦C.
For a damaged fibre optic extension, the increased differential attenuation
resulted in an error of 4.6 ◦C.

Accounting for the different contributions (calibration, connector, relative
accuracy, degradation) and neglecting the error introduced by a damaged fibre



Distributed temperature sensing behind casing in a hot geothermal well 23

optic extension, the absolute error within region 1 has been estimated to be
∆TDTS = 2.6 ◦C. As no reference temperature measurements are available for
the flow testing period, the error cannot be determined directly. A wellbore
temperature simulation (e.g. Francke and Saadat, 2012), however, might help
to narrow the error estimate. As the uncertainty of some of the necessary
parameters for such a calculation is considerable, the benefit is questionable.
Therefore this has not been performed within this study.

In the low temperature range, measured temperatures are more accurate,
as the influence of a bad connector is smaller. The absolute deviation for the
uppermost part of the fibre (i.e. close to the wellhead) is probably better than
1 ◦C, which can be validated with ice bath measurements.

Third DTS logging campaign: Shut-In The strong degradation of the optical
fibre lead to an increased measurement error of ∆Tdeg >10 ◦C.

5 Conclusions and Outlook

Within this study, a novel fibre optic cable has been developed and tested
under field conditions in a high temperature geothermal well in the Hellisheiði
geothermal field, SW Iceland. As sensing element, a polyimide fibre with an
additional carbon coating has been used. The cable has been installed per-
manently behind the anchor casing of well HE-53 to 261.3 m depth and the
temperature evolution during cementing and flow testing of the well was mon-
itored. Maximum temperatures of up to 230 ◦C were measured during the
onset of the flow test with an accuracy of 2.6 ◦C.

During the installation, the cable has been damaged at several positions. A
loop configuration with a 180◦ spacing of the cable branches proved to be suc-
cessful in enabling measurements over the complete installation length despite
the encountered damages. The damages can be attributed to the properties
of the young and brittle igneous rock formations and individual operational
details during running of the casing. For future installations in comparable
lithologies, the mechanical properties of the cable and the protection during
installation has to be improved. A more protective modification of the bottom
centralizer has to be developed to prevent a damage at the turnaround of the
cable. Furthermore, pulling back of the casing should be avoided if the casing
is carrying instrumentation. Increasing the number of wiper trips prior to the
installation of an instrumented casing might be a further possible measure
to reduce the number of loose rock fragments in unconsolidated and brittle
formations similar to those occurring in Iceland.

Using OTDR measurements at 850 and 1300 nm, different influences on
the measurement performance could be detected during the flow test. Atten-
uation values at 850 nm as well as the attenuation ratio 1300/850 nm were
successfully used to distinguish different degradation effects along the cable.
Not only mechanical damages to the cable, but also chemical changes to the
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fibre as well as thermal degradation of the coating material at high tempera-
tures could be assigned to different regions along the fibre. As the cable was
damaged during the installation, flushing the cable continuously with Argon
was not possible. Therefore the concentration of harmful substances like hy-
drogen, most likely produced within the cable itself at elevated temperatures
could not be reduced. Flushing the cable, however, would have greatly reduced
the chemical and thermal degradation of the fibre.

After the end of the two-week logging campaign, wellhead temperatures
reached more than 280 ◦C, which exceeded the maximum temperatures ex-
pected for this well and approached the maximum temperature stability of
the optical fibre when heated in an oxygen containing environment. As flush-
ing of the cable was not possible, the temperature profile during the third field
campaign after the end of the flow test was significantly affected by the degra-
dation of the optical fibre. Beside erroneous temperature readings, the strong
attenuation limits the accessible length if the cable was installed along the
entire wellbore. With an optical budget of 20 dB for most commercially avail-
able DTS systems, a length of about 1 km could be accessed if the attenuation
reached 20 dB at 1064 nm.

Using temperature data, acquired during the first logging campaign, the
performance of the cement emplacement during the installation of the anchor
casing will be evaluated. Data from the flow testing period will be used to
examine the thermal stress on the subsurface installation during rapid tem-
perature changes.
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