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Abstract 

Marine seismic data recordings consist of signals and various types of noise which can reduce the quality of the 

resulting data processing model. This research purpose to increase the signal to noise ratio of a 2D seismic cross-

section using the demultiple and stacking methods. This research method applying the Common Reflection Surface 

(CRS) stack method with a combination of two seismic noise demultiple methods, namely Surface Related Multiple 

Elimination (SRME) and Wave Equation Multiple Rejection (WEMR) using ProMAX software. The CRS stack 

results has been proven to be able to eliminate random noise, increase amplitude, and clarify existing reflector 

patterns. The radon analysis feature can also assist the data quality control process related to the presence of multiple 

noise indications. The SRME and WEMR demultiple results can predict different multiple models so that later they 

can be subtracted from the main data. The multiple SRME prediction results is characterized by shape, size and 

wavelet pattern, whose overall trace appearance tends to be similar and not too complex. The multiple WEMR 

prediction results has characteristics of shape, size and wavelet pattern whose overall trace is almost similar and 

slightly more complex. The combination of the CRS, SRME, and WEMR stack methods is concluded to be able to 

reduce the presence of noise, so that the main reflector pattern is easier to identify as the actual subsurface layer. 

However, there are still indications of the existence of multiple residues that have not been completely reduced. 

Therefore, further research is needed, especially in combining the CRS stack, F-K filter, Radon filter, SRME, and 

WEMR methods. 

Keywords: CRS; SRME; WEMR 

  

How to cite: Zein EDK, Rasimeng S, and Wijaksono E. Combination of SRME And WEMR Seismic Noise 

Demultiple With CRS Stack Method. Jurnal Penelitian Fisika dan Aplikasinya (JPFA). 2024; 14(2): 199-214. 

DOI: https://doi.org/10.26740/jpfa.v14n2.p199-214. 
 

© 2024 Jurnal Penelitian Fisika dan Aplikasinya (JPFA). This work is licensed under CC BY-NC 4.0

INTRODUCTION

The seismic reflection method is one of geophysical methods that is widely used in 

hydrocarbon exploration. Usually the target depth for seismic exploration in the sea can reach 

1 km or more below the earth's surface [1],[2]. By applying seismic methods that apply the 

principle of seismic wave propagation, it is possible to estimate and image the condition of the 

earth's subsurface layers, from layers, geological structures, etc. to penetrations of several 
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kilometers [3]. However, one of the disadvantages of seismic reflection method measurements 

carried out at sea is the large amount of noise recorded. 

Good seismic signal quality must go through a quality control process to be able to assess 

and determine the signal-to-noise ratio (S/N). Seismic noise contains information that the user 

does not expect, for example, the presence of multiple seismic events [4],[5]. Seismic signals 

contain valuable information for users. The quality control stage is generally carried out after 

measurement and data processing [6]. 

Common Reflection Surface (CRS) stack is a type of non-conventional stacking method. 

Research on CRS stacks has been widely discussed regarding comparisons with the Common 

Mid Point stack method [7],[8]. Specific studies on CRS stacks with a combination of seismic 

demultiple methods have not been widely developed. 

The traditional Demultiple SRME method has become an industry standard and research 

is easier to find in terms of improving the quality of seismic images [9]. The advantage of the 

SRME method is that it is able to eliminate multiple surface [10], internal [11], and short path 

[12] types. The disadvantage of this method is that it is less effective in reducing multiples in 

shallow seas [13] and long-path multiples [14] 

Demultiple Wave Equation Multiple Rejection (WEMR) is more difficult to find research on 

than demultiple SRME. The WEMR method is a good method to use to attenuate multiple on 

complex seafloor topography [15]. The disadvantages of this method are its fairly complex flow 

and long processing computation time. 

The main goal expected from seismic measurement methods is to produce accurate and 

good images. Seismic model imaging is very important for interpretation purposes for 

geologists, especially in integrating two scientific disciplines, namely seismic geomorphology 

and seismic stratigraphy [16]. Subsurface image modeling is the main tool for indicating the 

presence of hydrocarbon resources through petroleum geological features [17],[18]. Therefore, 

the role of geophysicists is very important in preparing and ensuring that data is ready to be 

interpreted. 

This research purpose to explain the use of a combination of the CRS stacking method with 

SRME and WEMR multiple attenuation techniques in its application to increase the signal-to-

noise ratio. The demultiple combination technique was chosen in this study because both can 

model the possibility of multiples in the main data and then eliminate them with the main data. 

Discussion regarding data quality control through several methods including the trace gather 

display, velocity analysis display, and stacking model display. In this study, multiple presences 

will be identified and removed to obtain a good subsurface profile.  

However, this research is limited to the use of 2 demultiple methods from the many seismic 

demultiple methods. In addition, the use of the CRS method which is not appropriate without 

the application of the seismic demultiple method can actually clarify the multiple pattern 

instead of the main reflector pattern. In this research, it is limited to using only radon analysis 

to see the spectrum of the alleged multiple at a certain offset. 

 

METHOD

Multiple seismic is the reflection of seismic signals in the subsurface layer more than once. 

There are 4 types of seismic multiples shown in Figure 1 including internal multiples, long path 

multiples, short path multiples, and surface multiples [19]. Usually, multiple seismic events 

occur more often in marine data because of the contrast in acoustic impedance. The presence of 

multiples can interfere with the primary seismic signal and the interpretation process because 

it produces false reflector effects [20],[21],[22]. In general, there are 2 method of seismic 

processing to weaken or eliminate multiples, namely based on the convolution and the 
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transformation [23]. 

 

 
Figure 1. Multiples of Earth or Marine Data: (1) free surface multiple noises (2) inter-bed 

multiple noises (3) water bottom multiple noises (4) peg-leg multiple noises 

 

The transformation method in principle changes the seismic trace domain from time and 

distance to a certain domain so that it is easier to carry out the noise filtering process, for 

example, the F-K Filter method [24], radon transformation method [25], K-L Filter method [26]. 

The convolution method in seismic processing for noise attenuation consists of several methods 

including, WEMR [27], SRME [28], deconvolution prediction [29], and Inverse Scattering Series 

(ISS) [30]. Each multiple noise attenuation method has advantages and disadvantages. To apply 

one or a combination of several methods requires theoretical and practical understanding so 

that the primary signal is not attenuated. 

This research was carried out at the Oil and Gas Testing Center "LEMIGAS". Data 

processing using ProMAX 2D software. The research data used is 2D reflection seismic data as 

a result of measurements in the Nias Sea by the Research and Development Institute for Oil and 

Gas Technology "LEMIGAS".  

 

Table 1. Acquisition Parameters 

Acquisition Parameters NIAS-L10.1 

Source Interval 25 m 

Group Interval 12.5 m 

Total Source 548 

Total Channel 96 

Minimum Offset 50 m 

Maximum Offset 1237.5 m 

Maximum Fold 24 

Line Length 13.675 m 

 

Seismic data processing is carried out using two different demultiple methods, namely the 

SRME method and the WEMR method. The use of two methods to compare the effectiveness of 

the two methods in obtaining a high signal-to-noise ratio so that a subsurface model is obtained 

that matches the original conditions. This data processing consists of various steps arranged in 

a workflow. The flow consists of several processes including data input, geometry settings, 

editing, filtering, True Amplitude Recovery (TAR), deconvolution, velocity analysis, stacking, 

and data enhancement.  

The SRME method can predict multiples and eliminate multiples using the data itself (data-

driven) with an intensive calculation process [30]. The SRME method does not require 
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additional data such as picking horizon and velocity [31]. Instead, it uses information from the 

data itself. Multiple predictions are obtained from the convolution results of each event, namely 

between the primary response and the total response. In other words, according to Lai et al [28], 

the multiple estimation model comes from the sum of the common shot gather and common 

receiver gather convolution events shown in Figure 2. The SRME method is more practical 

because there is no need to separate noise and signal manually. 

The total multiple order data can be expressed as Equation 1 where 𝑖 is the number of 

multiple orders. 

 𝑀(𝜔) = ∑ 𝑀𝑖(𝜔) = [𝑟0𝑅2(𝜔) + 𝑟0
2𝑅3(𝜔) + 𝑟0

3𝑅4(𝜔) + ⋯ ]𝑖 𝑆(𝜔)  (1) 

Primary waves and all multiple surfaces can be interpreted as total data 𝐷(𝜔) with the 

equation 2 

 𝐷(𝜔) = 𝑃(𝜔) + 𝑀(𝜔) = [𝑅(𝜔) + 𝑟0𝑅2(𝜔) + 𝑟0
2𝑅3(𝜔) + 𝑟0

3𝑅4(𝜔) + ⋯ ]𝑆(𝜔)  (2) 

 

 
Figure 2. The traces of a common-shot gather in red lines convolving with those of a common 

receiver gather blue lines predicted Surface multiples. The physical path in solid lines will be 

obtained and the other contributions will be cancelled by summing all these convolution results 

 

There are 5 main modules shown in Figure 3 with each function used to carry out the SRME 

process, namely SRME Regularization, SRME macro, SRME un-regularization, SRME match 

filter, and SRME adaptive subtractions. Regularized SRME functions to fill trace gaps that were 

not recorded by extrapolating from existing traces with output in the form of regularized CMP 

Gather. SRME macro functions to produce multiple model predictions from gathered regulatory 

data. SRME un-regularization functions to make the offset of the multiple prediction model 

return to normal from the previous zero offset. SRME Match Filter functions to adjust the 

multiple prediction model to the actual multiple model from the input data. SRME adaptive 

subtraction functions to filter initial input data with multiple prediction models that have been 

previously matched at the SRME match filter stage [32]. 

 

 
Figure 3. SRME Process Flowchart 
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The working principle of the WEMR method is to estimate multiple models then the 

estimation results are eliminated from the original data. The WEMR method requires two 

inputs, namely the picking horizon on the stack and the gathered data which is sorted in SIN as 

well as the source-receiver offset. The process with this method is divided into two, namely 

picking the horizon from the reflector which causes multiples, and applying WEMR [33]. 

Wiggins [34] interprets 2 types of multiple-process model estimation. In Figure 4 the first 

interpretation shows the recorded data carrying information from rising waves on the surface. 

The second interpretation shows that the recorded data carries information from descending 

waves on the surface. In reality, the recorded signal information is the sum of the rising and 

falling waves recorded below the surface. First, the recorded data carries information from the 

rising waves on the surface. 

 

 
Figure 4. Downgoing and Upgoing Waves Relation at The Water Bottom 

 

There is a relationship between primary waves and multiple water bottoms in Figure 4. 

Primary reflections are transmitted through the water bottom and downward reflected waves 

are represented by rising waves just above the seabed. This relationship can be formulated as: 

 𝑢𝐴 = 𝑢𝐵 + 𝑟𝐵 ⋅ 𝑑  (3) 

 

Where: 

𝑢𝐴 = upgoing wave above the water bottom 

𝑢𝐵 = upgoing wave below the water bottom 

𝑑 = downgoing wave above the water bottom 

𝑟𝐵 = waterbottom reflectivity operator 

 

The results of signal recordings without containing multiple water bottom information 

need to be searched for and calculated from the equation of 𝑈𝐵. This data is expected to be 

included in the seismic trace recording. The short equation can be written as follows:  

 𝑢𝐵 = 𝑢𝐴 − 𝑟𝐵 ⋅ 𝑑  (4) 

Based on Figure 5, the wave propagation that should be directly received by the receiver 

instead passes through the recording datum to the surface so that it is reflected due to the 

acoustic impedance contrast between water and air. The wave is then received by the receiver. 

The downgoing wave equation is written as follows: 

 𝑑 = ℎ𝑑 ⋅ 𝑟𝑠 ⋅ ℎ𝑢 ⋅ 𝑢  (5) 

Where: 

ℎ𝑑 = operator that extrapolates the reflected wave back down to the recording datum 

𝑟𝑠 = surface reflectivity 

ℎ𝑢 = operator that extrapolates 𝑢 to the surface from the recording level 

𝑢 = upgoing wave at the recording datum 
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The total number of recorded signals is written in the Equation 6 

𝑤=𝑑+𝑢=(ℎ𝑑⋅𝑟𝑠⋅ℎ𝑢  +1)⋅𝑢  (6) 

 

The backward extrapolation of 𝑑 can also be expressed in Equation 7 

𝑤=(ℎ𝑑 −1⋅𝑟𝑠−1⋅ℎ𝑢−1  +1)⋅𝑑  (7) 

 

The recorded signal (𝑤) can be applied to operations ℎ𝑢, 𝑟𝑠, and ℎ𝑑 so that it becomes 

Equation 8 

 (ℎ𝑑 ⋅ 𝑟𝑠 ⋅ ℎ𝑢 + 1) ⋅ 𝑑 = ℎ𝑑 ⋅ 𝑟𝑠 ⋅ ℎ𝑢 ⋅ 𝑤  (8) 

 

 
Figure 5. Surface reflected and direct waves interpretation in the wave extrapolation process 

downward in space and forward in time 

 

Another important method to increase the S/N ratio is the stacking process. The basic 

principle of this method is to add together aligned signals [35]. However, the requirements for 

carrying out a conventional stacking process, namely the CMP method, require NMO 

correction. This is one of the limitations of using the CMP stack method because it depends on 

the experience of the interpreter in the velocity analysis process. Another more advanced 

alternative is to use the CRS stack zero offset method without relying on macro velocity models. 

The stacking method applied to this seismic data is the CRS method because previous research 

by Zein et al [26] succeeded in increasing the resolution of the seismic cross-section. 

The CRS method is very suitable to be applied to reduce random noise and facilitate the 

data analysis process [26],[36]. There are 2 versions of the CRS method, namely fine offset (FO) 

and Zero Offset (ZO) [37]. The CRS method is based on ray theory, especially paraxial ray theory 

[38]. This method produces wavefront attributes from seismic data which are shown in the 

normal incidence point (NIP) wavefront, the normal wavefront, and the alpha angle which is 

the critical angle between the surface and the normal beam [39]. The CRS mathematical is 

written in Equation 9 and illustrated in Figure 6: 

 𝑡𝐶𝑅𝑆
2 (ℎ, 𝑚𝑑) = (𝑡0 + 𝐴 ⋅  𝑚𝑑)2 + 𝐵 ⋅ 𝑚𝑑

2 + 𝐶 ∙ ℎ2  (9) 

Where: 

ℎ = half offset between the source and the receiver (
𝑥𝑟−𝑥𝑠

2
) 

𝑚𝑑 = 𝑚 − 𝑚0  

𝑚0 = the midpoint location of the CMP gather  

𝑚 = the midpoint location between the source and receiver (
𝑥𝑟+𝑥𝑠

2
) 

𝐴, 𝐵, 𝐶 = CRS related parameters 
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Figure 6. Hyper-Surface of The Two Way Travel Time in CRS Method [40] 

 

RESULTS AND DISCUSSION

The subsurface geological cross-section shown in Figure 7 uses the Common Reflection 

Surface (CRS) method without using SRME and WEMR tools. By utilizing the CRS method 

compared to conventional methods, the presence of multiple noises can be seen clearly [41],[42]. 

The advantage of the CRS method is that it can produce a clearer and more defined layering 

appearance because the amplitude value is generally greater than conventional methods 

[26],[43]. In this way, noise analysis is much easier to carry out and you can choose the right 

filtering method without losing the primary reflection pattern. If the interpretation process is 

carried out in Figure 8, then many reflector patterns are repetitions of signals from the actual 

layer (multiple). 

 

 
Figure 7. CRS Stack Without Demultiple Noise SMRE and WEMR 

 

Radon Analysis to Validate the Existence of Multiples 

We can utilize the radon analysis feature as shown in Figure 8 to ensure the presence of 

multiples in the subsurface geological cross-section [44]. It can be seen that there is a spectrum 

that has a high moveout value after NMO correction. This is thought to be the presence of 

multiples which can interfere with the primary reflection pattern as the actual layer [45]. 
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Figure 8. Radon Analysis Laverage to Detect Multiple Noise 

 

 
Figure 9. Comparison Radon Analysis Between Signal and Multiple Noise 

 

The trace that has been corrected for NMO should have a parallel and straight pattern as in 

Figure 9 [46]. However, in Figure 9 the trace model shows a dipping pattern at increasingly 

large offsets so it can be indicated as the presence of multiple. Apart from that, the amplitude 

seen in the dipping pattern is quite large so that later when stacked it will show the appearance 

of multiple layers and not the actual geological layer pattern [47]. 

 

Combination of CRS and SRME Methods 

The first seismic noise demultiple method applied was SRME. This method can predict the 

existence of multiples as shown in Figure 10 [28]. The left shows the trace of the multiple 

prediction results, while the right shows the preprocessing data. The difference can be seen, 

especially from the multiple patterns of the trace which are predicted to have a signal 

appearance that tends to be the same at a certain two-way travel time, both in terms of wavelet 

shape and amplitude [48]. 

 

 
Figure 10. Comparison Between Multiple Noise Prediction SRME(left) and Prepro Data(right) 
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Figure 11 shows the subsurface geological features that have been multiple reduced using 

the SRME method. We can compare Figure 11 with Figure 7. Overall, quite a lot of multiples 

have been reduced as shown in the yellow box. However, the appearance of some multiples is 

still visible as those in the red circle. This shows the existence of multiples that are not maximally 

reduced [22]. When compared with Figure 14, the use of the SRME method succeeded in 

reducing multiples maximally as in the blue circle. 

 

 
Figure 11. SRME Output Signal with CRS Stack 

 

Combination of CRS and WEMR methods 

The WEMR seismic noise demultiple method uses picking first break horizon data as 

shown in Figure 12 [33]. This method can predict the presence of multiples [49]. The left side of 

Figure 13 shows the trace of the multiple prediction results, while the right side shows the 

preprocessing data. At first glance, there is not much difference in the noise predicted from the 

preprocessed data. However, if you look in more detail, especially at the predicted multiple 

trace patterns, there are differences, namely that the signal appearance is not as complex as in 

the preprocessing data traces. Apart from that, the shape and magnitude of the predicted 

multiple wavelet amplitudes are almost similar. 

 
Figure 12. WEMR Horizon Pick Process 
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Figure 13. Comparison Between Multiple Noise Prediction WEMR (left) and Prepro Data 

(right) 

 

Figure 15 shows the subsurface geological features that have been multiple reduced using 

the WEMR method. Overall, the presence of multiples has been reduced well as shown in the 

yellow box in Figure 14 when compared with Figure 7. The red circle in Figure 14 shows the 

absence of multiples which have been maximally reduced by the WEMR method when 

compared with Figure 11 SRME results. The presence of several multiples is still visible as in 

the blue circle, even though previously in Figure 11 using the SRME method it could be reduced 

well. 

 

 
Figure 14. WEMR Output Signal with CRS Stack 

 

Combination of CRS, SRME, and WEMR methods 

Trace multiple noise predictions between the SRME and WEMR methods have quite 

different appearances as shown in Figure 15. In general, multiple SMRE predictions have 

characteristics of shape, size, and wavelet patterns that tend to be similar and not too complex. 

The multiple WEMR predictions have almost similar shapes, sizes, and wavelet patterns. If the 

two SRME and WEMR methods are combined, they can reduce the presence of multiple 

patterns ranging from simple to quite complex patterns [50],[51]. 
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Figure 15. Comparison between multiple noise prediction WEMR (left) and SRME (right) 

 

Figure 16 shows the difference in preprocessing traces between those after the SRME and 

WEMR demultiple noise methods have been applied and those that have not been applied at 

all. Wavelet patterns and shapes in seismic traces that were initially random can appear to 

become more harmonious and regular. This can be an indication that the application of the 

demultiple noise method has been successful. 

 

 
Figure 16. Comparison between SRME and WEMR combine signal (left) and prepro data (right) 

 

The final results of the application of the two demultiple methods SRME and WEMR 

combined with the CRS stack method can be seen in Figure 17. Interpretation of the lower layers 

of the earth's surface is shown by seismic reflector patterns with continuity and large amplitude 

as shown by the green arrows. The difference in the image between before and after SRME and 

WEMR demultiple noise is very significant, although the yellow circle in Figure 17 still indicates 

the presence of multiples that have not been completely reduced. However, overall the result of 

image data processing has proven a large signal-to-noise ratio [52]. 

 

 
Figure 17. CRS Stack with SRME and WEMR 
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The multiple residue that has not been completely reduced or eliminated is seen in the 

yellow circle, which is one of the limitations of this study. The multiple residue that appears has 

a fairly large amplitude. In addition, the multiple residue that appears has a continuity pattern 

like the main reflector [11]. Thus, improvement and development are needed by using the 

seismic demultiple method other than SRME and WEMR like F-K filter and Radon filter. 

This research can still be developed, one of which is by comparing the effectiveness of the 

WEMR and SRME methods in reducing multiples in simpler or more complex geological 

structure conditions. In addition, the comparison of the effectiveness in reducing multiples 

using the WEMR and SRME methods can be compared with other demultiple methods. 

Comparison of the effectiveness of the WEMR and SRME methods can also be developed by 

applying stacking methods other than CRS such as Common Midp Point (CMP) and Common 

Reflection Point (CRP). 

 

CONCLUSION 

The CRS method with the application of SRME and WEMR methods is very effective in 

producing subsurface geological models with a large signal-to-noise ratio. This is evidenced by 

the many multiple noises that are reduced. The seismic cross-section model output is ready to 

be interpreted by determining the main reflector pattern interpreted as a layer. 
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