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Abstract

The selection of compounds used as inter-well tracers has traditionally been done taking into consideration the goal
of the test and the ease in analyzing the chemicals used. This often led to improper selection of the tracers and
insufficient knowledge about their behavior under typical reservoir conditions, resulting in several unsuccessful inter-
well tracer tests. One of the critical characteristics of any conservative tracer is its stability under various reservoir
conditions. In this document we present the study methodology and the findings from stability experiments carried
out on 5 benzyl alcohols investigated as oil/water partitioning tracers for partitioning inter-well tracer tests (PITT).
This is the first of three documents reporting such studies on 3 families of chemicals.

A PITT consists of the simultaneous injection of one or more mass-conservative passive and phase-partitioning
(one type of active) tracers. PITT is primarily conceived for mature water-flooded oil fields and measures the residual
(or even remaining) oil saturation (Sor) in the swept volumes between wells. Knowledge of Sor may be used to
identify EOR targets, assess efficiency of EOR operations, and the efficiency of volumetric sweep between wells.
This is important information, in particular for the increasing number of mature oil-fields where EOR projects are
under consideration and/or development. A thorough knowledge about the static and dynamic properties of the
tracers under reservoir conditions is required both to ensure successful field tests, and also to increase accuracy of
the data obtained from them.

4-Chlorobenzyl alcohol, 2,6-Dichlorobenzyl alcohol, 4-Methoxybenzyl alcohol, 3,4-Dimethoxybenzyl alcohol, and
4-Hydroxybenzyl alcohol were tested in brine under simulated reservoir conditions with temperatures up to 150 °C
during 12 weeks, at different pH values, and in the presence of typical sedimentary basin rock materials, sandstone,
carbonate rock (limestone), and clay (kaolinite). 4-Chlorobenzyl alcohol and 2,6-Dichlorobenzyl alcohol were found
to be fully stable at all tested conditions. 4-Methoxybenzyl alcohol and 3,4-Dimethoxybenzyl alcohol exhibit
thermally induced degradation above 125 °C, but may still be considered for use below this temperature. 4-
Hydroxybenzyl alcohol exhibits thermally induced degradation which was found to follow a first order kinetics. The
apparent activation energy and pre-exponential constant in the Arrhenius law for the degradation reaction were
determined and a kinetic model built. This opens the possibility for use of 4-Hydroxybenzyl alcohol as a non-

conservative reservoir tracer to measure temperature or detect thermal fronts.
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1. Introduction

1.1. Partitioning inter-well tracer tests and partitioning tracers

The use of inter-well tracer tests in the oil industry started in the 1960s (Asadi and Shook, 2010; Guan et al., 2005)
with molecules successfully applied in hydrology (Ahmad et al., 2003). The future of oil production will increasingly
rely on EOR projects to face global demand (IEA, 2016) as the number of mature oil fields increases together with
the fact that most of the remaining large unexplored basins rich in hydrocarbons are located in highly
environmentally sensitive regions (Muggeridge et al., 2014). Knowledge about residual oil saturation (Sor) in the
inter-well region of water flooded reservoirs is a key parameter for the design of EOR operations which can be
obtained through a partitioning inter-well tracer test (PITT). PITT in oil reservoirs was introduced by Cooke (Cooke,
1971). The test explores the lag in production experienced by an oil/water partitioning tracer relatively to a passive
water tracer. When the partition coefficient (K=Ctr.o/Ctrw) is known, the delay in production can be directly
correlated with the Sor in the flow path. Later studies about PITT focus on interpretation of results to increase the
test's accuracy and potential gains from the data (Allison et al., 1991; Carpenter, 2016; Huseby et al., 2015; Shen
et al,, 2017; Tang, 1995) and in reporting the conception and results of field cases (Al-Murayri et al., 2017,
Lichtenberger, 1991; Sanni et al., 2016; Tang and Harker, 1991; Viig et al., 2013; Wood et al., 1990). Tritiated small
chain alcohols, detectable in very low concentrations using liquid scintillation counting, were commonly used as
partitioning tracers until 1990s when environmental regulations starting imposing severe limitations to the use of
such compounds (Serres-Piole et al., 2012). After the 1990s these alcohols were still used in their non-radioactive
form, however such use lost interest. Propanol and n-butanol were found to be partially adsorbed in the reservoir
(Lichtenberger, 1991) and the methods used for their analysis have high detection limits. These factors increase
the error on the interpretation of the tracer production curves and the amount of chemicals required for the test.
Promising results were reported for 5 fluorinated benzoic acids (Chatzichristos et al., 2000), phenol (Tang, 2003),
and Lichtenberger (Lichtenberger, 1991) also tested methyl-ethyl ketone. Information about requirements for
selection and testing of PITT tracer candidates can be found in the available literature (Sanni et al., 2016; Serres-
Piole et al., 2012; Silva et al., 2017; Viig et al., 2013). To date, only a small number of partitioning tracers for the
inter-well region has been developed (Serres-Piole et al., 2012) and there is a need for such new compounds. As
for any other type of conservative reservoir tracer, assessing the stability of the partitioning tracer under harsh

oilfield conditions is a critical step for its qualification.
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In the present work, we report the findings from the stability experiments simulating typical oil reservoir conditions
performed on 5 benzyl alcohols. This is the first of 3 documents reporting stability assessment on 3 families of
chemicals. Effects of temperature, pH, salinity, and presence of reservoir rock materials were evaluated to obtain a
complete description of the behavior and possible use of these chemicals as PITT tracers.

1.2. Benzyl alcohols

Benzyl alcohol is an aromatic hydrocarbon naturally occurring in many plants used as solvent and reaction
intermediate in chemical-based industries (Pugh et al., 2015). The chloro-, methoxy- and hydroxyl- substitutes of
this compound tested under the scope of the present work exhibit interesting properties for use as PITT tracers,
judged from their octanol/water partitioning coefficients (Kow). The relevant properties considered in their selection
are presented in Table 1.

It is also important to assess the occurrence of these compounds in oil reservoir fluids or other fluids used in the
hydrocarbon recovery process and in the environment, both from natural origin and emitted as pollutants to the
hydrosphere from various industries. Large amounts of the studied compounds in the “background” could
compromise their use as tracers. Chlorinated, methoxy and hydroxyl benzyl alcohols are not used in large scale
industrial operations. Hydroxy, methoxy and chlorobenzyl alcohols are used in small industrial scale as precursors
for production of aromatic aldehydes, as model compounds to study the oxidation of substituted benzyl alcohols,
and to evaluate the performance of selective catalyzed processes aiming for production of aromatic aldehydes
(Esteruelas et al., 2011; Higashimoto et al., 2009; Morad et al., 2017; Scandura et al., 2016). 4-Chlorobenzyl
alcohols have also been reported to be used as reagent and to assess catalysts for the Friedel-Crafts alkylation of
aromatic hydrocarbons (Mantri et al., 2005). 4-Hydroxybenzyl alcohol is also a natural component of scents and
flavours used as flavouring and scenting agent in food industry (Jaiswal and Kuhnert, 2014; Martin et al., 2016;
Shyamala et al., 2007), in the pharmaceutical industry as an agent to mitigate some neurological disorders (Luo et
al., 2017) and in the production of special application ceramic nano-fibers (Tao et al., 2017). This information
suggests that reservoir fluids are unlikely to be contaminated with the benzyl alcohols, however any make-up
injection water and engineered fluids used in single-well operations should be screened for the possible presence
of these tracer candidates before use.

2. Materials and Methods

2.1. Materials
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4-Chlorobenzyl alcohol (99%), 2,6-Dichlorobenzyl alcohol (99%), 4-Methoxybenzyl alcohol (> 98%), 3,4-
Dimethoxybenzyl alcohol (99%), 4-Hydroxybenzyl alcohol (> 98%), kaolinite (natural aluminium silicate 125 pm —
250 um with linear formula Al203:2Si02-2H20) and limestone powder type “BCR-116" (95.7% CaCOs + 4.3%
MgCOs) were purchased from Sigma-Aldrich (Sigma-Aldrich Norway AS, 0252 Oslo). Berea sandstone powder
(125 um — 250 um) was obtained by crushing and sieving sandstone cores purchased from Berea Sandstone™
Petroleum Cores (Ohio, USA). The composition of the Berea sandstone indicated by the supplier is as follows:
93.13% silica (SiO2), 3.86% alumina (Al203), 0.11% ferric oxide (Fe203), 0.54% ferrous oxide (FeO), 0.25%
magnesium oxide (MgO), and 0.10% calcium oxide (CaO).

2.2. Experimental setup and procedures

2.2.1 Preparation of the test tubes

50 cm long durex glass rods (i.d. 6 mm, o.d. 9 mm) were cut from 1.5 m rods (Schott AG, Mitterteich, Germany).
The hollow rods were then thermally sealed on one end. The obtained test tubes were submitted to thermal
decontamination/healing at 550 °C during 15 minutes under normal atmosphere.

2.2.2 Preparation of the mixed tracer candidates’ solution

The benzyl alcohols were dissolved in 1L of brine further referred to as “synthetic Gullfaks water”. Table 2 presents
the brine’s ionic composition. The solution was then sonicated at room temperature and simultaneously sparged
with argon at 5 mL/min during 20 minutes to remove the dissolved air.

2.2.3 Stability test procedures

2 mL of the benzyl alcohols solution (2.2.2), kept under constant sparging with argon at 5 mL/min, were transferred
to each tube in four sets of test tubes (2.2.1). One set of test tubes was empty, and the other 3 sets contained 600
mg of Berea sandstone, kaolinite, and limestone, respectively. All test samples were prepared in triplicate. The test
tubes containing the samples were then thermally sealed under vacuum. 3 sealed test tubes without any rock
material were picked out to determine the exact initial tracer candidates’ concentration.

Every heating cabinet had a rotation mechanism incorporated to ensure smooth agitation during the test. These
experiments were performed at three different initial pH values: 5.5, 7.1 and 8.0. The concentration of the benzyl
alcohols in the test samples was determined after 1, 3, 6 and 12 weeks of incubation. pH was also measured at the
end of the incubation period.

2.2.4 Quantification of the benzyl alcohols



119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

The benzyl alcohols were analysed by ultra-performance liquid chromatography (UPLC) with UV detection at 222
nm and 254 nm. Both the samples used to determine the initial concentration of the solution and the test samples
were filtered through a “Chromacol 30mm Syringe Filter 0.45 ym PTFE” (Thermo Fisher Scientific, Waltham,
Massachusetts, United States). 10 pL of the filtered test samples were directly injected on an “Agilent Technologies
1290 Infinity 11" UPLC (Agilent Technologies, Santa Clara, California, USA) equipped with a Waters “Acquity UPLC
BEH" reversed-phase C18 1.7 um packed column (Waters Corporation, Milford, Massachusetts, USA). The mobile
phase consisted of buffer solution of 5 mM NH4HCO:2 (A), methanol (B) and acetonitrile (C) at a constant flow of 0.5
mL/min. Gradient elution was used for separation of the analytes: initially 98% A and 1% B. The amount of B
increased to 20% after 4 minutes and was kept at this value during 1.5 minutes. Fraction of B was then increased
until 70% at minute 8 and kept at this value during 0.5 min. Gradient conditions were then reset to the initial ones
at minute 9 and held during 1 minute. The amount of eluent C was constant at 1% during the 10 minute
chromatographic run.

2.3. Degradation Kinetics

Treatment and analysis of the experimental data for one of the tracer candidates was performed in order to
investigate the possibility of its use as a non-conservative reservoir tracer. The method of time, based on the
integrated rate law, was applied to the analysis of the degradation kinetics of 4-Hydroxybenzyl alcohol. The mass

balance of a given compound A in a closed system can be written as (Fogler, 2006):

kien =—9Ca
it

1)
where Ca is the concentration of compound A, K’ is the apparent degradation rate constant and n the order of the
reaction. The data used was obtained from experiments performed in brine, thus the use of the designation

“apparent rate constant”. The salinity of the experimental agueous medium could influence the rate of the reaction.

By integrating equation 1 supposing the reaction follows a first-order kinetics:

C
In| =2 |=—K't 2)
[CAOJ

where Cao is the initial concentration of compound A. K’ is temperature dependent. Through linear regression

analysis of the results at the different tested temperatures, K’ (T) can be obtained. The apparent activation energy
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of the reaction and the pre-exponential factor of the rate constant can be obtained from the linearized Arrhenius

equation:

E, 1
INK(T)=InA-—2_ 3
NK(T) =A== (3)

where A is the pre-exponential factor, Ea the apparent activation energy, R the gas constant, and T the temperature
in Kelvin (K).

3. Results and Discussion

3.1. Influence of pH

Fakhru’l-Razi et al. (2009) present extensive data on physicochemical characteristics of produced waters from oil
reservoirs. The initial pH values in the stability experiments were intended to cover a pH range representative of
real conditions. The pH value remained stable until the end of the experimental thermal incubation period. The
largest measured variations were a decrease of 0.3 units in the experiments with kaolinite as substrate after 12
weeks at initial pH 7.1, increase of 0.2 units in the experiments with Berea sandstone as substrate after 12 weeks
at initial pH 5.0, and an increase of 0.4 units in the experiments with limestone as substrate after 12 weeks at initial
pH 5.0. No significant variation on the pH of the stability experiments carried out without rock substrate was
observed. Results suggest that pH has no impact on the stability of the benzyl alcohols. The concentration of the
tracer candidates in samples from experiments with the same time and temperature of incubation does not vary at
all tested pH values. Complete results may be found in figures A1 — A4 and B1 — B4 in the “supplementary materials”
section to this document.

3.2. Influence of temperature and time

The remaining fraction of the tracer candidates (RF) is defined as the concentration as a function of temperature
and time of incubation of the compounds divided by their initial concentration. For a fully stable tracer candidate, a
RF equal to 1, considering the uncertainty of the analytical method used for its quantification, should be observed
under all experimental conditions. The results allowed organizing the tracer candidates in 3 groups: fully stable,
partially stable and unstable with other potential applications.

4-Chlorobenzyl alcohol (4-CI-BZA) and 2,6-Dichlorobenzyl alcohol (2,6-DiCl-BZA) exhibit no decrease in
concentration after the total incubation period at every tested temperature. Figure 1 presents RF values for 4-Cl-

BZA and 2,6-DiCI-BZA as a function of time of incubation at all tested temperatures in the experiments at initial pH
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of 7.1. Both the compounds possess the required stability for use as active conservative tracers in oil reservoirs.
Results for 4-Methoxybenzyl alcohol (4-MET-BZA) and 3,4-Dimethoxybenzyl alcohol (3,4-DIMET-BZA) are shown
in Figure 2.

Both these compounds exhibit a very high stability within temperatures up to 125 °C during the total period of testing.
Loss in RF is observed at 150 °C both for 4-MET-BZA and 3,4-DIMET-BZA during the whole period of incubation.
A trend is observable as function of time at this temperature; the amount lost increases as the time of incubation
increases. Considering that such behaviour was not observed at all other temperatures, the observed decrease of
RF at 150 °C is most likely reflecting a purely temperature dependent mechanism: the energy of the system reaches
the necessary value to trigger degradation and/or reaction of the compounds above 125 °C.

Attempts to identify degradation products which would allow proposing a reaction mechanism to validate these
assumptions have proven unsuccessful.

Many oilfields have temperatures below 125 °C, therefore 4-MET-BZA and 3,4-DIMET-BZA may still be considered
for use as active conservative reservoir tracers. The onset of degradation may even be exploited to detect thermal
fronts in the swept volumes of the reservoirs. Results indicate that if a significant loss of 4-MET-BZA or 3,4-DIMET-
BZA is observed in a real field test, it will most likely be caused by a thermal effect. At 150 °C, a loss of about 25%
was observed just after 1 week. The velocities of fluids inside a reservoir are low (typically around 1 foot/day), which
lead to significant contact periods between the tracers and existing thermal fronts. This would result in a
considerable loss of the original tracer compound, thus allowing detection of the temperature variation. Such
information is important, particularly if EOR methods are under consideration or use, as they are likely to be
temperature dependant.

4-Hydroxybenzyl alcohol (4-HYD-BZA) exhibits high stability during 12 weeks at the lowest tested temperatures (25
°C and 50 °C). This compound degrades at temperatures = 75 °C. These results also suggest a thermally driven
phenomenon where increasing temperature leads to the available energy of the system to rise above the activation
energy barrier of the degradation reaction. Figure 3 presents 4-HYD-BZA'’s RF as a function of time and temperature
in the experiments at initial pH of 7.1 without any rock substrate.

The rate of degradation of 4-HYD-BZA is clearly temperature dependant, increasing with the increase of T (lowest
values for RF are achieved faster as T increases). The decrease in the RF is not linear at any tested temperature

which suggests that the degradation kinetics is concentration dependant. A linear decrease in the RF of the
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compound should be expected if the order of reaction was zero relatively to the concentration of 4-HYD-BZA.
Further treatment of the experimental data relative to this compound was performed to assess the possibility of its
use as a non-conservative active reservoir tracer to retrieve information about temperature in flooded areas of an
oil reservoir.

3.3. Influence of rock substrate

For a compound to be used as a conservative tracer in an oil reservoir it is crucial that it has no significant interaction
with the rocks that form the porous medium, which could affect both its stability and dynamic properties.
Conventional sedimentary oil basins are primarily constituted by sandstones and/or carbonates which present a
significant variation in geochemistry from reservoir to reservoir and even within the same formation (Carroll et al.,
2016; Morad et al., 2010). Thus selecting a rock substrate completely representative of every possible formation
encountered to test the interaction of the tracer candidates with it is an impossible task. Clays are also present in
the rock formations with kaolinite being one of the most occurring (Jiang, 2012). Kaolinite has been reported to be
a good adsorbent both for ions (Bhattacharyya and Gupta, 2008) and organic compounds (Yu et al., 2013). Often
ion exchange is the proposed adsorption mechanism. Berea sandstone, limestone and kaolinite were selected as
“model” reservoir rock substrates to assess the behaviour of the tracer candidates when in contact with sedimentary
oil basins.

The RF (t, T) for each benzyl alcohol obtained from the stability experiments using each of the 3 rock substrates
were compared with the respective RF (t, T) in the stability experiments without any rock substrate. Figure 4
presents the maximum absolute difference encountered between the RFs for each compound and rock substrate.
Differences are presented together with 2 times the standard deviation associated with the determination of the RF
value from the tests performed in triplicate. No significant difference was observed between RF at a given time and
temperature of incubation in the experiments with rock substrate and the corresponding experiments without rock
substrate. Even the highest differences encountered fall inside the uncertainty in the determination of the
compounds’ concentration. No systematic trend is also observable regarding the benzyl alcohols or the rock
substrates. Results suggest that RF values obtained in the presence of the model reservoir rocks are randomly
higher or lower than the ones in experiments without any rock material. This apparent lack of interaction between
the benzyl alcohols and typical reservoir rocks meets one of the requirements for their use as tracers in oil reservoirs.

3.4. Kinetics of degradation of 4-hydroxybenzyl alcohol
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A study on the degradation of 4-HYD-BZA was performed to assess its use as a tracer to measure temperature in
the flooded areas (preferably short sections) of an oil reservoir, or to detect thermal fronts which may be present in
lower temperature fields. Such use requires knowledge of the reaction of degradation’s activation energy and the
pre-exponential factor of the Arrhenius equation. These parameters can be obtained from the treatment of the data
from the stability experiments. A first order reaction was assumed for data treatment. Experimental data at 75 °C,
100 °C, 125 °C, and 150 °C were used. Values of Ca/Cao (RF) at time O (when Ca/Cao = RF =1 in every used
temperature) were included to increase the number of points in the linear regression analysis. Figure 5 presents
the natural logarithm of RF as a function of time (equation 2) at the considered temperatures. The slopes in the
linear regressions directly supply the rate constant of the reaction (K) (weeks) for each temperature.

The In (K (T)) values were then plotted against 1/T (K) and a linear regression analysis was performed. Figure 6
presents the plot. From the linearized form of the Arrhenius equation (eq. 3) follows that the slope equals Ea/R and
In (A) is the y-intercept. Ea has a value 58,8 kJ/mol and A = 2,30E+07 weeks1. Equation 2 can be rewritten as

follows with the Arrhenius parameters:

C -58,8x10%
In(—A]:— 230x10%e RT .t (eq.4)

A0

Equation 4 is the model which describes RF of 4-HYD-BZA as a function of temperature and time, which can be
used to obtain information about temperature in a reservoir.

The values of the RF of 4-HYD-BZA predicted by equation 4 were compared with the experimental ones to assess
the accuracy of the model. 2 additional tests (2.2.3) were performed where RF values were determined after 2 and
4 weeks. Figure 7 presents the experimental RF values, + 2 ¢ in the determination of each one, vs the RF values
predicted by equation 4 for 4-HYD-BZA, between 75 and 150 °C.

Good agreement is encountered between experimental and predicted data. Predicted values are always included
in the confidence interval accounting for the variance in the experimental determinations. This suggests the
assumption made of a first order kinetics of degradation is a sufficiently accurate description of the phenomena,
and that no other chemical species present in the bulk is taking part in the reaction.

The use of non-conservative tracers in an oil reservoir is not common, but can provide useful information if the
tracer’s degradation process is understood and/or modellable. Chemical EOR processes such as conformity control

with micro-emulsions, permeability modification with gels, or wettability modification with surfactants, for example,
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depend strongly on temperature. Thus previous up-front knowledge of this in-situ parameter can be valuable to
increase recovery rates and decrease operational cost.

4. Conclusions

The stability of five benzyl alcohols was investigated in batch experiments under typical conditions encountered in
oil reservoirs as part of their qualification process for use as partitioning tracers (one type of active tracers).
Experiments were performed in a synthetic brine to account for the effect of elevated salinity (ion strength and ionic
composition). The influence of temperature, time, and pH on the stability of the compounds was evaluated.
Interaction with typical reservoir rock (kaolinite, sandstone and limestone) was also studied. The pH was found to
have no significant impact on the stability of all tested compounds in the studied range (5,5 — 8,0). No difference
outside the analytical uncertainty was encountered between experiments at different pH values. 4-Chlorobenzyl
alcohol and 2,6-Dichlorobenzyl alcohol were found to be fully stable up to 150 °C during 12 weeks. No significant
interaction between these 2 compounds and the rock materials was observed. 4-Methoxybenzyl alcohol and 3,4-
Dimethoxybenzyl alcohol are also insensitive to the presence of rock substrates. These compounds were found to
exhibit limited thermal stability. Both are fully stable up to 125 °C and 12 weeks, and an onset of degradation is
observable at 150 °C even after 1 week of incubation. 4-Methoxybenzyl alcohol and 3,4-Dimethoxybenzyl alcohol
may still be used as partitioning tracers, as most oil reservoirs have temperatures below 125 °C. The degradation
they exhibit above 125 °C may also be exploited to retrieve information about the existence of thermal fronts in the
swept volumes of oil fields. 4-Hydroxybenzyl alcohol is stable during the 12 weeks of testing at 25 and 50 °C
exhibiting degradation at temperatures above this threshold. The degradation of this compound increases both with
temperature and time of incubation, and is not affected by the presence of rock materials. Results agree with a first
order degradation kinetic purely thermally driven without influence of any other chemical species. The apparent
activation energy and the pre-exponential factor of the Arrhenius equation were determined and a kinetic model for
the degradation was developed, thus opening the possibility for using this compound as a non-conservative active
(temperature sensitive) tracer.
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376 Table 1. Selected benzyl alcohols partitioning tracer candidates and respective melting point, boiling point, pKa,

377 and octanol/water partitioning coefficient

Compound Melting point (°C) Boiling point (°C) Kow pKa
4-Hydroxybenzyl alcohol 114 251 1,8 9,82
4-Chlorobenzyl alcohol 71 232 4,2 13,9
2,6-Dichlorobenzyl alcohol 98 268 7,0 13,5
4-Methoxybenzyl alcohol 23 259 51 13,6
3,4-Dimethoxybenzyl alcohol 22 297 4,2 13,3
Data Source: NIST chemistry WebBook
378
379  Table 2. Composition of the brine (synthetic Gullfaks water) used in the experiments
NaCl KCI CaCl2.2H20 MgCl..6H20 BaCl..2H20 SrCl2.6H20 NaHCOs  Naz2SO04
(9/L) (9/L) (9/L) (9/L) (9/L) (9/L) (giL)* (9/L)
36,855 0,629 3,814 2,550 0,088 0,437 0,157 0,046

380 * NaHCO;3; was used as pH buffer in varying amounts (0,157 g/L for initial pH of 7,1; 0.280 g/L for initial pH of 8,0; no NaHCOjs for initial pH of
381 5,5).
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383 Fig. 1. RF of 4-Chlorobenzyl alcohol and 2,6-Dichlorobenzyl alcohol as function of time and temperature of
384 incubation. (A) 4-Chlorobenzyl alcohol, (B) 2,6-Dichlorobenzyl alcohol. Initial experimental pH 7.1, no rock
385 substrate).
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388 Fig. 2. RF of 4-Methoxybenzyl alcohol and 3,4-Dimethoxybenzyl alcohol as function of time and temperature of
389 incubation. (A) 4-Methoxybenzyl alcohol, (B) 3,4-Dimethoxybenzyl alcohol. Initial experimental pH 7.1, no rock
390  substrate).
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392 Fig. 3. RF of 4-Hydroxybenzyl alcohol as function of time and temperature of incubation. Initial experimental pH
393 7.1, no rock substrate.
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394
395 Fig. 4. Maximum differences encountered in RF values between experiments with rock substrate (rs) and

396  experiments without rock substrate £ 2 x o in RF (t, T). (KA) kaolinite, (BS) Berea sandstone, (LS) limestone.
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398 Fig. 5. Ln (RF) of 4-hydroxybenzyl alcohol as a function of time and linear regressions at each temperature. Initial
399 experimental pH 7.1, no rock substrate.
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404  values under the lower analytical threshold (RF = 0,05).



