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SUMMARY
A comparative analysis of seismic assisted history matching techniques using binary image matching and
conventional seismic modelling methods is performed. This analysis is conducted on field data from a
United Kingdom Continental Shelf (UKCS), and has production data available for ten years. There is a
seismic baseline that was acquired preproduction, and six seismic monitor surveys were acquired between
one and two year intervals. The production data objective function is calculated using the least squares
method between the historical production data and simulation predictions. The seismic data objective
function is calculated using the Current measurement metric in the binary approach, and compared to the
conventional seismic modelling route. Seismic modelling shows some improvement in the match, but not
as significant as the binary approach which demonstrates a better forecasting capability. The study also
found that a greater proportion of the parameters converge towards the correct solution when using the
binary approach. It is observed that for both methods, combining both production and seismic data
improves the history match and reduces uncertainties, as opposed to not combining them.
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Introduction 

In order to implement a seismic assisted history matching scheme, the 4D seismic data has to be 

integrated into the history matching loop. This paper explores the integration of 4D seismic data using 

gas and water binary representations, and compares this to the seismic modelling route. The Current 

measurement metric is used to determine the mismatch between the binary seismic and the binary 

simulation images of saturation (gas and water) distribution predictions, while the modelled 4D 

seismic data response is compared to the observed 4D seismic data. The production data is also 

matched using the least squares objective function calculated between the historical production data 

and the simulation predictions. The field data analysed is from the United Kingdom Continental Shelf 

(UKCS) (Martin and MacDonald, 2010). The main feature of the data is that the reservoir pressure is 

close to its bubble point pressure, such that the commencement of production activities leads to 

depressurisation and gas ex-solution, and that there is a subsequent pressure maintenance scheme in 

place by the use of water injector wells, so there will be water sweep expected in the reservoir. The 

reservoir permeability is in the range of 200 mD to 2000 mD, with a reservoir porosity ranging from 

25% to 30%. The pore compressibility is 7 x 10
-6

 psi
-1

, oil viscosity is 3.5 cp at reservoir temperature, 

water viscosity is 0.5 cp at reservoir temperature, and the oil formation volume factor is 1.16 rb/stb. 

There are 10 years of production activity from 1998 to 2008, and it should be noted that the history 

matching will be implemented for the first seven years, while the remaining three years will be used 

to validate the history matching process and forecasting ability. 

Description of overall methodology 

When conducting a history matching exercise, pertinent reservoir parameters have to be perturbed 

such that the result of the simulation model output corresponds to the observed historical data. Over 

the years of production in this reservoir, it has been observed that the major challenges to the field 

development and management plan are the field connectivity and the representation of its numerous 

geobodies. These geobodies were derived from the 3D seismic interpretation and used for geological 

model construction. A sensitivity study starting with 104 parameters was implemented to determine 

which parameters and geobodies were most significant to the seismic assisted history matching 

objective function. Combining the geobody regions and global parameters, 35 parameters were 

identified for the history matching exercise. These include the permeability multipliers, porosity 

multipliers, net-to-gross multipliers, pore volume multipliers, geobody transmissibility multipliers, 

connate water saturation and critical gas saturation. The starting values of the parameters are the 

initial values, while the ranges are selected generally based on engineering judgement, and such that 

the perturbed model remains physically and geologically meaningful and consistent with the present 

understanding of the field. An initial ensemble of fluid flow simulation models is created where the 

full range of uncertain parameters are acknowledged using experimental design methods, and an 

evolutionary algorithm is used for optimization in the history matching process. 

Binary approach 

The proposed approach converts the observed 4D seismic data to binary seismic gas and water maps. 

The observed 4D seismic data is initially clustered and separated into ‘softening’ and ‘hardening’ 

signals; historical production data are then superimposed on the maps to aid the interpretation and 

deciphering of potential gas and water signals due to the injector/producer positioning, as well as the 

volumes produced that are represented by the size of the bubble plots. Application of these processes 

leads to the final binary seismic gas and water maps as shown in Figure 1. The softening and 

hardening signals on seismic data are represented by red and blue colours respectively. The softening 

signal is as a consequence of pressure increase or gas saturation increase. In broad terms, a drainage 

process will give rise to a softening signal due to the different elastic properties of the fluids, as a non-

wetting phase fluid displaces a wetting phase fluid, i.e. gas displacing oil or water, or oil displacing 

water. Conversely, a hardening signal is as a consequence of pressure decrease or an imbibition 

process, where a wetting phase fluid displaces a non-wetting phase fluid, i.e. water displacing oil or 
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 gas, or oil displacing gas. For binary seismic gas and water maps, a change in the saturation values are 

represented by a value of one, while no change is represented by a value of zero. A region exists that 

is characterised as ambiguous signal or noise, and this is not captured by this binary approach. The 

pore volume weighted gas and water saturation difference maps (monitor year minus baseline year) 

are also generated from the simulation model and then converted to binary simulation gas and water 

maps, where a value of one represents presence of gas or water respectively, and zero represents an 

absence of gas and water respectively. In order to convert the pore-volume weighted gas and water 

saturation from the simulation model and the 4D seismic data to binary maps, cut-off values 

representing thresholds need to be obtained. These can be derived from a calibration exercise using 

seismic forward modelling, or by interactive interpretation which requires a clear understanding of the 

4D seismic response in terms of the dynamic behaviour of the reservoir (Jin et al., 2012). A 

combination of both methods is utilised here, where seismic forward modelling is used to determine 

the initial threshold values in collaboration with k-means clustering; then integration of reservoir 

engineering knowledge, injector and producer well activities, reservoir geology and structural 

contour, as well as 4D seismic concepts are applied to generate the final binary maps. 

Figure 1 The process of generating the binary (gas and water) maps from the 4D seismic data. The 

4D seismic data are initially clustered and separated into ‘hardening’ and ‘softening’ signals; 

historical production data are then introduced to aid the interpretation and deciphering of potential 

gas and water signals due to the injector/producer positioning, as well as the volumes produced 

which are represented by the size of the bubble plots. Application of these processes leads to the final 

seismic binary gas and water maps. Inset shows the 4D seismic colour bar and the associated 

physical interpretation.  

The binary seismic maps (gas and water) are compared to those predicted from the simulation maps 

using a binary seismic objective function - Current measurement metric. This metric is more flexible 

in detecting a wide range of differences between two images as opposed to a more traditional metric. 

The objective function is calculated on the simulation model scale, so the 4D seismic data is 

arithmetically upscaled to the simulation model scale. The Current measurement metric (Glaunès, 

2005) between two images can be computed as the Euclidean norm of a filtered difference between 

the two images, where the filter is similar to a smoothing kernel. Mathematically, the Current 

measurement metric for binary images is represented by equation (1). 

 
(1) 

where    
  and    

  denote the (i,j)-th Fourier coefficients of A and B, and K is the aforementioned 

smoothing kernel. Production data and binary seismic data (gas and water) are history matched, and 

the combined objective function is normalised such that the effect of the production data and binary 
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 seismic data (gas and water) are equal. After history matching to both production data and binary 

seismic data (gas and water), the production profiles and the updated binary simulation maps have 

improvement (Figure 2). The parameters converge towards a solution, and the objective function and 

uncertainty reduces. The forecast period will be used in the comparative forecast analysis. 

Figure 2 Normalized production profiles for well P1 history matched to production data and seismic 

binary maps. 

Seismic modelling approach 

For the seismic modelling, the relationship between seismic data and average maps of reservoir 

dynamic properties (pressure distribution, water saturation and gas saturation) derived from MacBeth 

et al. (2004) and Fursov (2015), and shown in equation (2) is used  
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where,    is the time lapse seismic map,    is the change in pressure distribution,     and     are 

the change in water and gas saturation respectively,    is the baseline seismic map which captures the 

effects of the static properties. The coefficients for the linear and quadratic terms are determined by 

regression between the data    and the individual simulation model predictions. The production data 

and modelled seismic data are jointly history matched, and there is improvement in the history match. 

Interestingly, the modelled seismic data are able to capture the major hardening and softening signals 

on the observed seismic data as shown in Figure 3. The first 4 monitors (the first four rows) are used 

for the history matching exercise, while the last 2 monitors (the last 2 rows) are used for the 

forecasting analysis. Some of the parameters converge towards a solution, and the objective function 

and uncertainty reduces. The forecast period will be used in the comparative forecast analysis. 

Comparative analysis and conclusions 

A comparison of the results of the binary seismic assisted history matching approach and 

conventional seismic assisted history matching approach is done in terms of convergence of 

parameters, objective function and uncertainty, and the forecast capabilities. The parameters converge 

to a solution when using the binary approach, but do not fully converge to a solution when using the 

conventional approach. Also, the binary approach shows a better reduction in the objective function 

and uncertainty, as opposed to a fair reduction when using the conventional approach. The overall 

forecast percentage improvement for the binary approach is 46%, while that for the conventional 

approach is 38%. The well data forecast improvement for the binary approach is 58%, in contrast with 

the well data forecast improvement for the conventional approach which is 44%. The binary approach 

gives a good match to the gas saturation distribution and water saturation distribution, and the 

conventional approach captures the hardening and softening signals in some areas in the seismic data. 
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Based on the analysis, it is concluded that the binary approach for seismic assisted history matching is 

the preferred method, and seems more suitable as a quick look reservoir management tool, as it 

circumvents the use of the complex seismic modelling approach, however, the conventional approach 

explored here has shown positive potential and will be further investigated. 

Figure 3 The base case 4D seismic maps, observed 4D seismic maps, and history matched maps 

using seismic modelling for all the relevant time-steps.  
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