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Abstract

An approach is explored for estimating critical and maximum gas saturation using 4D seismic data from
multiple surveys shot during gas exsolution and dissolution in a producing hydrocarbon reservoir. To
guide this process, hydrocarbon gas properties and behaviour are studied, and their relation to the
fluid-flow physics is understood using numerical simulation and seismic modelling. This understanding
is then used to interpret observed seismic data, which has surveys repeated every 12 to 24 months, from
a turbidite field in the United Kingdom Continental Shelf (UKCS). Furthermore, the field reservoir
simulation model is then history matched to the production data and the gas saturation effects observed
on the 4D seismic data. The 4D seismic response is a function of pressure changes, fluid (oil/water/gas)
changes and noise. The effects of the gas mechanism are extracted from the seismic data based on its
unique relationship to the seismic amplitudes. It is found that these changes can be represented by a binary
model (presence or absence of gas) which enables the use of a logical objective function to compute the
misfit between the observed data and simulated data, and thus guide the parameterisation process of the
history matching exercise. This approach circumvents full physics modelling in a joint history matching
workflow that includes conditioning to both production data and multiple time lapse seismic data. It is
concluded that for seismic surveys repeated at intervals of six months or more, the gas saturation
distribution during either liberation or dissolution exists at two fixed saturations defined by the critical and
the maximum gas saturation. From analysing only the 4D seismic data, we find a low critical gas
saturation and a maximum gas saturation that is relatively unconstrained. The history matching exercise
also gives us similar low values for the critical gas saturation, and highlights the importance of the vertical
permeability in getting an extensively corroborated model. This paper explores a direct link between 4D
seismic and the fluid flow parameters, a link between the gas saturation distribution and seismic response,
as well as a quantitative analysis using multiple 4D seismic surveys for history matching.

Introduction
In the exciting world of physical processes, the petroleum industry does stand shoulder high with regards
to its ability to challenge an engineer’s thought process and dexterity in solving complex problems. These



complex problems are somewhat simplified using scenarios, models and logical interpretation. The quest
to predict the flow of multiple fluids in a reservoir is a complex challenge that has been the target of much
research in the petroleum industry. This is desired because it facilitates efficient reservoir monitoring,
management, planning and economic evaluation (Obidegwu and MacBeth 2014). Different research
themes and areas have been set up to tackle this problem; these include research in laboratory measure-
ments, log analysis, conventional history matching, pore network modelling, etc. Notwitstanding all these
efforts, many parameters in multiphase flow remain unconstrained (Di Pierro et al. 2003), especially at the
reservoir scale, and in particular for drainage and imbibition processes that involve gas; for these, the
critical (Sgc) and maximum (Sgmax) gas saturation values need to be better determined. The Sgc value is
usually defined as the point at which the gas first becomes mobile. However, importantly, gas bubbles in
the oil that are saturated below this critical saturation will still remain in direct contact with the oil. The
mobilised gas migrates upwards, and due to the gravitational force and well pressure gradients, the gas
will head towards the wellbore, collecting in local highs or structural traps to form secondary gas caps in
the reservoir or being produced (Falahat et al. 2014). The saturation at the secondary gas cap which is also
known as Sgmax is the highest gas saturation obtainable in the presence of only connate water saturation
and residual oil saturation to gas. The importance of the critical gas saturation (Sgc) is due to the fact that
it helps assess the effective relative permeability of gas, oil and water through the reservoir, it is key to
predicting the expected gas volume produced from gas cap expansion, and hence oil or gas recovery, and
it can also be used in early field life to anticipate risks to productivity from gas exsolution. In the reservoir,
Sgc is known to be a function of a number of interrelated factors such as the surface area of the pore space,
clay content and placement, grain shape, grain arrangement, wettability, and fluid properties. However, it
is understood from engineering literature that precise values of Sgc are difficult to obtain using laboratory
experiment. This uncertainty arises because of the high fluid flow rates that are induced during experi-
ments (relative to those in the field), the dependence of Sgc on the pressure decline rate and capillary end
effects. This combination of effects makes extrapolation to in situ field conditions unreliable, and as a
consequence accurate estimation of Sgc remains an active research topic (Beecroft et al. 1999). In an oil
producing reservoir that has poor or misunderstood connectivity, depressurisation by oil production and
re-pressurisation with water injection can create scenarios of gas exsolution and dissolution respectively
(Dake 2002). Therefore, we believe that monitoring of gas liberation or dissolution using time lapse
seismic data may provide a gateway to estimating key fluid flow parameters. This is made possible by
utilising multiple seismic surveys that capture the different fluid and pressure changes in the reservoir. In
addition to using solely the time lapse seismic data for estimating the reservoir parameters, we embrace
a seismic assisted history matching approach where we constrain the reservoir parameters to production
data as well as multiple time lapse seismic data; the main challenge being quantitatively incorporating the
4D seismic into the reservoir model. Studies from (Gosellin et al. 2001, 2003; Stephen et al. 2005;
Roggero et al. 2007; Landa and Kumar 2011) have used seismic modelling, rock physics modelling or
petroelastic modelling to address this challenge, however this modelling process is complex, time
consuming, uses laboratory stress sensitivity coefficients, as well as Gassmann’s equation assumptions
(Landrø 2001; Stephen et al. 2005; Floricich 2006; Amini 2014). There have been other methods that
circumvent the complex seismic modelling process such as (Landa and Horne 1997; Kretz et al. 2004; Jin
et al. 2012; Rukavishnikov and Kurelenkov 2012; Tillier et al. 2013) which have employed the use of
image analysis tools, binary processing, or dynamic clusters to integrate the seismic data into the reservoir
model. With this paper we propose a method where our seismic data and simulation data will be converted
to binary seismic gas maps and binary simulation gas maps respectively. Our objective function for
calculating the misfit of our production data will be the least square method, while our seismic objective
function will be the summation of the absolute values of the difference between the binary seismic gas
maps and binary simulation gas maps (Figure 6). The context of our study is set by a UKCS dataset which
has six monitor surveys that have been shot at intervals of 12-24 months. The remainder of this paper is
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organized as follows – the description of the dataset and interpretation of the 4D seismic data; estimation
of Sgc and Sgmax using only 4D seismic, and then using seismic assisted history matching (SAHM); this
is then summarized with a discussion and some conclusions.

Description of Dataset
The dataset is from a field in the UKCS, the complex reservoir comprises a sequence of multiple stacked
deep marine silicilate turbidites with porosity of 25-30% and permeability of 200-1000mD. Each reservoir
is composed of channels, amalgamated channels and sheet-like sands. The field is heavily compartmen-
talised with faults cross-cutting turbidite sand depositional axes. It contains black oil accumulations close
to bubble point, and its drainage strategy is by water injection using down-dip injectors and up-dip
producers (Martin and Macdonald, 2010). In this field there is known to be gas liberation, mobilisation,
and then repressurization with subsequent dissolution. During the course of production, poor connectivity
led to a lack of pressure support from injectors; this combines with a weak aquifer influx to give a strong
pressure decrease in some areas, and a drop below bubble point with the consequent liberation of free gas.
The drilling plan was adjusted for this reason and the reservoir recovered the pressure (Govan et al. 2005).
There are multiple vintages of seismic shot across this field for reservoir management purposes, and for
our current work the preproduction baseline in 1996 and six monitors shot in 1999, 2000, 2002, 2004,
2006 and 2008 have been selected. These data have been cross-equalised by the operator for 4D seismic
interpretation purposes, and have a non-repeatability NRMS noise metric (Kragh and Christie 2001) of
approximately 31% (Falahat et al. 2014). An isolated sector is identified for study that is segmented by
two major EW trending normal faults. Figure 1 shows a vertical section from the baseline seismic survey,
and our reservoir of interest is T31A and T31B.

Interpretation of 4D Seismic Data
Figure 2 shows the sequence of attribute maps calculated over the T31 reservoir interval for each survey
in our chosen segment. The attribute employed is the “sum of negative amplitudes” as it has been
demonstrated in past work to be sensitive to the reservoir conditions when the sands are known to be softer
than the shales – giving a high to low seismic impedance contrast and a negative relative impedance (Jack
et al. 2010). The maps have been cross-equalised such that difference in amplitudes across vintages can
be interpreted for timelapse effects. On each map, moderate to high amplitude anomalies indicate
hydrocarbon-filled sand bodies with good quality net-to-gross. A progressive brightening of a sand body
over time identifies a reservoir softening or impedance decrease (gas liberation or pore pressure increase),

Figure 1—Vertical section from the 1996 pre-production coloured inversion seismic data, showing the reservoir structure. Troughs in dark red
represent the sand bodies, whilst peaks in grey represent the shales. The top and base of the sand layers are picked as zero crossings by the data
provider (Amini 2014).
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whilst a dimming over time indicates a reservoir hardening or impedance increase (water saturation
increase or pore pressure decrease).

The area of interest is divided into six main regions (Figure 3) based on their general seismic character
and known geology, and are used for our analysis. Figure 3a shows the divisons of the regions as well as
the location of the producer and injector wells, while Figure 3b highlights the sequence at which the wells
are put on production/injection and shut-in, relative to the timing of the baseline and monitor seismic
surveys. In region A, an initial injector-producer (I2-P4) pair is later supplemented by injector I4 to
maintain pressure. Later injectors I9 and I10 are activated to counteract the pressure decline due to
producer P8. Exsolved gas is observed initially in 1999, and it quickly collects in a local high in the
south-eastern corner to form a secondary gas cap. Increased water saturation and dissolution reduce the
amplitudes after 2002, although some gas remains. Region B sits on a local high into which exsolved gas
collects. With no direct injector support initially, dissolution does not occur until 2002 when the nearby
injector I8 becomes active. Region C is bounded along its south edge by a sealing fault (see top surface
contour plot in Figure 2). Critical gas saturation is evident as a consequence of production in P1 and P6,
and there is an upward migration of the gas influenced by possible pressure gradients from producer P1.
Injector I5 is active after 2001 to supply pressure support. Region D is possibly connected with region C,
but it is not intersected by a producing well. Earlier amplitudes in this region D are fairly constant (Figures
2 and 4) – suggesting a lack of pressure connection. Water sweep from injector I3 and I5 may play a role
in decreasing the amplitude after 2002. In region E, there is a strong initial brightening that continues until
2002 due to the producer P5. In 2003 injector I7 is drilled towards the northern edge, which then dims the

Figure 2—Amplitude maps (using the sum of negative amplitudes attribute) for seismic surveys at times 1996 (production was in 1998), 1999, 2000,
2002, 2004, 2006, and 2008. Also shown is a contour map indicating the time structure of the top T31a reservoir horizon. The anomalies are related
to gas or oil accumulations in the reservoir sand deposits.
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amplitudes in subsequent years. The final region for consideration is F, which dips upwards to the
south-east. The initial action of injector I1 dims the amplitudes in 1999, but pressure support is not
sufficient and gas exsolution occurs in 2000 due to producer P2. After 2002, injector I6 replaces I1 close
to the same location, and this provides the required pressure support.

Figure 4(a) indicates a number of small sub-regions within A to F that are chosen for our analysis.
These are selected to be of known high net-to-gross and signal quality, and are used to determine seismic
amplitude levels associated with an oil sand in pre-production state, oil sand with critical gas saturation,
and the secondary gas cap. The ‘sum of negative amplitudes’ attribute for each sub-region and their
combined (arithmetic) average are plotted in Figure 4(b) against survey time. The amplitude level of the
baseline (oil-filled sand) response and the maximum are determined for each. If the amplitude level after
the maximum has been reached still remains above the initial baseline, this is interpreted as a case where
a secondary gas cap has developed. This interpretation is supported by the identification of local structural
highs. However, if the amplitude level after the maximum goes below the baseline level, this is interpreted
as critical gas dissolution in addition to water-flood masking. Our interpretation, based on the known well
activity and time-lapse seismic amplitudes, indicates that the maxima for regions A and B correspond to

Figure 3—(a) Labelling of main sand bodies used in our study relative to the producer and injector wells. The solid circles correspond to the well
TD (b) Timelines of activity for the wells in our chosen sector relative to our monitor seismic data (M1 to M6) surveys. Well trajectories drawn are
those that intersect the T31 regions of interest, with the exception of P7 which intersects the overlying T34 reservoir. The red lines represent producers
wells, while the blue lines represent injector wells.
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the maximum gas saturation, and these occur in 2002. The maxima for regions C, E and F are interpreted
to correspond to the critical gas saturation, and these occur in 2000. Region D is not used in the analysis
as the contributions from the injectors and producers plus neighbouring connected regions appear too
complicated to fully resolve with our current understanding. The next stage is to relate these amplitude
levels to the gas saturation values.

Estimation of Sgc and Sgmax using only 4D Seismic
P-wave impedance changes are calculated for our UKCS field using the rock and fluid properties
published by Amini et al. (2011) for the same reservoir. These are computed for the pre-production
baseline and post-production monitor conditions using Gassmann’s equation, and are then differenced. No
rock stress sensitivity or fluid pressure sensitivity is included in the calculation as this component is
assumed to be smaller than the gas saturation response away from major pressure increases at the
injectors. The quantities �Zgc and �Zgmax are calculated, for an oil-sand with critical gas saturation and
secondary gas cap respectively, at a known connate water saturation of 22%, residual oil of 11%, and
net-to-gross of unity. It is observed that Sgmax values for the reservoir (in the range 50 to 70%) influence
the impedance changes to a lesser extent than changes in the smaller Sgc values (in the range 0 to 15%)
– this can be readily explained by the well-known non-linear dependence of seismic velocity to gas
saturation (Domenico 1974). This feature can be recognised in the plots of the ratio �Zgc /�Zgmax for

Figure 4—(a) Sub-regions of our sand bodies used for the calculation of time-lapse amplitudes, and gas saturation analysis. (b) Seismic amplitude
variations with survey time, together with inferred amplitude levels for maximum and critical gas saturations (dotted horizontal lines). Thin coloured
lines correspond to the individual sub-region results, whilst the solid black line is the average of these values.
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different constant maximum gas saturations in Figure 5, where the variation with Sgc is seen as the
stronger dependence. Importantly, this Figure gives us a way of connecting the seismic response to gas
saturations as shall be explained in detail. According to the work of Falahat et al. (2011) for sub-tuned
reservoirs, the time-lapsed seismic amplitudes, �A, are proportional to the thickness of the gas accumu-
lation and the impedance change with gas saturation (provided there is constant water saturation
thickness).

This can be expressed generally as

(1)

where T refers to elapsed time between the surveys, h is the gas accumulation thickness, and � is a
constant given by the inverse of the product of the reservoir velocity and the average impedance of the
reservoir and the encasing shale, combined with an operator, L, representing convolution of the time
derivative of the wavelet with a coloured inversion operator followed by a ‘sum of negatives’ over the
reservoir interval. Thus, by normalising time-lapse amplitudes by the baseline amplitude (Abl), it is
possible to relate seismic measurements (�Agc) of critical gas saturation at location A, and (�Agmax) of
maximum gas saturation at location B back to the ratio plotted in Figure 5:

(2)

Specifically, the ratio of seismic amplitudes

(3)

is computed for each part of the reservoir with maximum gas saturation, and

(4)

for parts with critical gas saturation. From the calculation, R1 values for regions A and B are 0.75 and
0.92 respectively, whilst R2 for regions C, E and F are 0.12, 0.30 and 0.12 respectively. The time-lapse
seismic ratio R2/R1 is now obtained. In order to evaluate possible errors in this calculation, a lower limit
is formed by taking the lowest R2 and highest R1 values, and then highest R2 and lowest R1 values. This
yields a lower limit of 0.13, and upper limit of 0.40, with their mean being 0.21. These results are now
interpolated back to the curves in Figure 5, and give estimates of the possible critical gas saturations in
the range 0.55 to 4% for our reservoir. Uncertainties in these estimates may also arise due to lateral
variations in net-to-gross in the selected areas, imperfect cancellation of the reservoir thickness variations
and water saturation changes. Another source of uncertainty could possibly arise from the presence of a
thin layer of maximum gas saturation in the critical gas saturation areas, and vice-versa, although the
behaviour of each area over time in Figure 4 clearly defines the predominant effect, i.e. either critical gas
saturation or maximum gas saturation. It is also important to note that Figure 5 is specific to our particular
reservoir, and will also change depending on rock and fluid properties.

Estimation of Sgc using Seismic Assisted History Matching
Figure 6 shows the workflow for the seismic assisted history matching. This workflow comprises of the
production history matching loop and the seismic history matching loop, and they are combined using
weighting factors. The rationale of the values of the weighting factors are usually determined by how
much confidence the engineer has on either set of data, there has been some analysis on how this can be
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Figure 5—Estimate of amplitude change with critical gas saturation and no gas in the oil sands, normalised by the expected amplitude change when
going from oil to maximum gas saturation in the gas cap.

Figure 6—Seismic Assisted History Matching Workflow - combining the production data with the time-lapse seismic data
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derived (for example Kjelstadli et al. 2005; Jack et al. 2010), however it still remains quite subjective.
With regards to this project, we have an initial simulation model provided by the operator. In order to
reduce the cost of multiple simulation runs, the initial simulation model is upscaled laterally by a factor
of 4; however, the vertical layering is preserved so as to maintain the characteristics of the field geology.
An initial ensemble of models is created using the Latin Hypercube Experimental Design (LHED) method
(Roggero et al. 2007). The LHED is a statistical method for generating a sample of plausible collections
of parameter values from a multidimensional distribution, and it is useful for exploring the uncertainty
range (Schulze-Riegert and Ghedan, 2007). The response parameters (production profiles) of the initial
ensemble are generated; while the pore volume weighted gas saturation difference maps (monitor year
minus baseline year) are also generated and then converted to binary simulation gas maps, whereby a
value of one represents presence of gas, and a value of zero represents absence of gas. The observed 4D
seismic data is upscaled to the upscaled model grid size, and then converted to a binary seismic gas map
by filtering out the low amplitudes (gas representations) and assigning them a value of one, while
everything else is zero. We are aware that the low amplitudes (softening) is a consequence of gas, as well
as pressure increase (Calvert et al. 2014), so we apply a “sense filter” such that we estimate a radius of
significant pressure influence around the injectors that are likely to affect the signal. This “sense filtering”
process is shown in Figure 7, where the pressure profile is defined by the diffusivity equation. After

Figure 7—“Sense Filtering” of Seismic Binary Maps

Figure 8—Initial parameter uncertainty ranges for vertical permeability multiplier and critical gas saturation
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Figure 9—Production profiles (gas production rate and oil production rate) of wells P1 and P2

Figure 10—Shows the initial simulation binary maps compared to the seismic binary maps highlighting areas of mismatch
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applying this filter, the signal that is shown is a representation of the gas saturation from seismic in a
binary format. The response parameters (production profiles) of the initial ensemble are then compared
with the observed well data using the least square method as the objective function, while the binary maps
from seismic and simulation are compared using a logical seismic objective function which is the
summation of the absolute values of the difference between the binary seismic gas maps and binary
simulation gas maps. The misfits generated from the production loop and seismic loop are then combined
using the weight factors to obtain a final misfit value. This misfit value is then minimized by an
optimisation process using the evolution strategy algorithm to parameterise the uncertain values in the
reservoir. The evolutionary algorithm is based on the notion of Darwinian evolution, it deals with concepts
such as selection, recombination and mutation, and it is quite popularly used for reservoir history
matching (Bäck 1996; Soleng 1999; Romero et al. 2000; Williams et al. 2004; Schulze-Riegert and
Ghedan, 2007). When the misfit generated gets to a global minimum, an improved set of models and their
accompanying uncertainty are generated.

Two uncertain parameters are analysed in this history matching exercise – the critical gas saturation
(Sgc) and the vertical permeability, and their initial uncertainty range is shown in Figure 8. The vertical

Figure 11—Updated parameter uncertainty range convergence for vertical permeability multiplier and critical gas saturation

Figure 12—Updated Production profiles (gas production rate and oil production rate) of wells P1 and P2
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permeability is perturbed using multipliers ranging from 0 to 5, where a value less than one reduces the
vertical permeability effect, and a value greater than one increases it. The Sgc which is the onset of gas
mobility has an uncertainty range of 0% to 5% as this covers the expected value from other analysis. The
starting point of the history matching process is shown in Figures 9 and 10. Figure 9 shows the observed
data, the base case model and the initial ensemble of the response parameters (gas production rate and oil
production rate) of wells P1 and P2. The observed data represents “hard data” measured at the wells, the
base case represents our initial model’s production profile, while the initial ensemble represents profiles
for the models generated using the Latin Hypercube Experimental Design which encompasses the effects

Figure 13—Shows the updated simulation binary maps compared to the seismic binary maps highlighting areas of improvement

Figure 14—Objective Function and Uncertainty - The dotted lines represent the uncertainty and have their scale at the right hand side, while the
continuous lines represent the objective function. The blue line represents the production data objective function, while the red line represents the
seismic objective function. The purple dotted line represents the production data uncertainty, while the green dotted line represents the seismic
uncertainty.
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of the defined uncertain parameters. The observed oil production rate and gas production rate of well P1
drops continuously for the first 3 years until an improved oil recovery plan is put in place by introducing
injector well I5 to provide pressure support as well as water to sweep the oil. This action stabilizes the
production rate for the subsequent years. The same trend is observed for well P2, however the oil
production rate drops continuously for the first 4years until injector well I6 replaces the inefficient injector
well I1. The introduction of injector well I6 boosts and maintains the oil production rate for the subsequent
years until it gently declines. The gas production rate of well P2 is high for the first 4 years as there is
gas exsolution in the reservoir due to poor pressure maintenance, when this is curbed by introducing
injector well I6, the gas production rate drops and declines in the subsequent years. The initial 4D seismic
maps, seismic binary gas maps, simulation gas maps and simulation binary gas maps are shown in Figure
10. The areas of mismatch are highlighted using question marks on the simulation binary gas maps as
compared to the seismic binary gas maps, and getting both maps to match is the aim of the seismic assisted
history matching exercise. After history matching, we get updated values shown in Figure 11, where the
vertical permeability multiplier values converge towards a low value of approximately less than one,
hence preventing easy migration of gas due to gravity; we also see the critical gas saturation converging
towards a range of 3 – 5 %. These updated values give us a better understanding of our reservoir
conditions in terms of the onset of gas mobility and migration, as well as it flow path ability. We now have
a look at how these updated parameters affect the production profile (Figure 12) and gas distribution
(Figure 13) in the reservoir. Figure 12 shows the production profiles (in red colour) of the updated models,
and indeed we do see an improved match to the observed data as compared to the initial ensemble (in
yellow colour) we started with. Figure 13 shows the updated simulation binary maps compared to the
seismic binary maps with the question marks highlighting areas of improvement. We observe that by
changing the vertical permeability and critical gas saturation, we have been able to get a good match of
the binary gas distribution in the model. In order to quantify these improvements and the accompanying
uncertainty, we create an objective function and uncertainty plot shown in Figure 14. We observe that the
production data objective function minimizes quite fast after a few iterations, and then becomes steady as
would be expected; we observe a similar trend for the seismic objective function but not of the same
degree due to the different nature of the data. We also notice that the uncertainty reduces quite
significantly for both, hence endorsing the reliability of the match.

Discussion and Conclusions
It has been shown that multiple 4D seismic surveys shot during gas exsolution and dissolution can be used
to estimate critical gas saturation, and provide some understanding of the maximum gas saturation. The
critical gas saturation for the UKCS field in our case study is estimated using only 4D seismic data to be
between 0.5 and 4.0%, while the seismic assisted history matching approach gave values of between 3 –
5 %, which all fall within the lower range values reported in the literature (for example Boge et al., 2005).
From the “seismic only” estimation view point, determination of this particular result has been made
possible as there is sufficient time between the seismic surveys to allow gas liberated from solution to
settle into either critical or maximum gas saturation states. We would expect our technique to be
applicable to most reservoirs except those with a very low porosity and permeability, or strong vertical
or lateral heterogeneity. With regards to the seismic assisted history matching estimation, we see that the
critical gas saturation and vertical permeability multiplier are quite sensitive and important parameters
when matching to the binary gas maps, and that matching to seismic and production data reduces the
uncertainties (Walker and Lane 2007). Matching to these parameters improve the production history
match and gas saturation representation in the reservoir; hence, improving the predictability of the model.

This study contributes to an understanding of the mechanisms of gas exsolution and dissolution, and
an evaluation of the ability to estimate the associated controlling parameters using 4D seismic data from
multiple seismic surveys. It is motivated by the clear brightening and dimming of seismic amplitudes
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observed in the 4D seismic data reported from several separate publications, and the requirement to
provide a more quantitative interpretation of this phenomenon. Critical gas saturation is estimated to be
between 0.5 and 4.0%, consistent with previous measurements on similar fields. The magnitude of Sgc is
confirmed by a separate history matching exercise (3 - 5%) and values used in the simulation model by
the operator of the field. The seismic amplitudes are expected to be relatively insensitive to the maximum
gas saturation (1 - Swc - Sorg) (approximately 68% in our case) as modelled through fluid substitution. In
broad terms, our study demonstrates that monitoring of gas exsolution and dissolution is potentially useful
for understanding the reservoir and constraining the simulation model, although case-dependent fluid and
pressure changes can cause some interference with this finding. The seismic assisted history matching
approach highlights the potential of updating two key reservoir parameters; nothwithstanding, it is also
important to note that the results are non-unique, and other reservoir parameters settings also have the
potential to affect these values.
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