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Abstract: Currently, conventional seismic inversions are mostly premised on well data, and there exist uncertainty in seismic 

inversions in areas with few fixed wells. After years of production practice, well-seismic cooperative inversion under the 

constraint of pseudo wells is a more effective method for reservoir prediction in areas with few fixed wells and complex phase 

spread changes. Nevertheless, the selection of locations of conventional pseudo wells only takes into account the spatial 

distribution of wells but seldom considers the changes of phase spreads; curves of pseudo wells are mostly derived from sparse 

pulse inversion with relatively low longitudinal resolution, which cannot accurately reflect the vertical and horizontal variation 

characteristics of the reservoir; there is no effective quality control method to prove the reliability of the curve after selecting the 

pseudo well. To solve the above-mentioned problems, this thesis acquires pseudo-wave impedance curves with high-frequency 

components by means of waveform difference inversion, controls quality and optimizes the location of pseudo wells under the 

guidance of geological results, and performs phase control inversion under the constraint of high-frequency pseudo-wave 

impedance curves, which greatly enhances the vertical and horizontal resolution of inversion, solves the problem of fine reservoir 

prediction in areas with few fixed wells, and offers strong support for high-speed and efficient development of oil and gas. 
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1. Introduction 

Traditional reservoir seismic inversions are a special 

technology that predicts the lithology, morphology, physical 

properties and oil-gas bearing property of oil and gas 

reservoirs employing seismic information as the main basis 

and comprehensively regarding geological, logging, 

petrophysical and other information as constraints. Currently, 

most inversion techniques are premised on the information of 

fixed wells, using interwell interpolation or geostatistical 

methods for modeling, combined with the comprehensive 

constraint inversion technique characterized by intensive 

horizontal sampling of seismic data [1]. The dependence of 

this inversion method on the quantity and quality of well data 

leads to an increase in uncertainty of inversion results in areas 

with few wells. Predecessors have solved this problem by 

participating pseudo wells, but the selection of locations of 

conventional pseudo wells usually only considers the spatial 

distribution of wells but is lack of geological rationality [2]. 

The extracted pseudo curves are mostly derived from sparse 

pulse inversions, resulting in that the frequency of pseudo 

wells is equivalent to the seismic frequency and the accuracy 

of inversion prediction is relatively low. 

The method employed in this thesis breaks away from the 

requirement of the traditional inversion method for the 

number of wells [3], can break through the limitations of low 

resolution of traditional sparse pulse inversions and 

insufficient geostatistical inversion samples in areas with few 

fixed wells and realize phase-controlled inversion under the 

constraint of optimal selection of high-resolution 

pseudo-impedance curves. 
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2. Technical Idea 

(1) The change of seismic waveform reflects the change of 

sedimentary facies, and the high-frequency pseudo 

wave impedance curves extracted by waveform 

difference inversion boasts great "phase control" 

property; 

(2) The existing seismic and geological data are effectively 

utilized to optimize the locations of pseudo wells, so 

that the well locations are evenly distributed in different 

phase spreads, and the curves of pseudo wells are 

optimized via the sorting of well-seismic correlation; 

(3) Inversion is conducted under the constraint of 

high-frequency pseudo wave impedance curves with 

phase control characteristics. 

3. Methods and Principles 

3.1. Waveform Difference Inversion 

3.1.1. Waveform Difference Theory 

Waveform difference inversion is similar to geostatistical 

inversion, with intermediate frequency constrained by 

earthquake and high frequency derived from well data [4]. 

However, traditional geostatistical inversion acquires 

parameter values (such as range variation and base station 

value) that characterize the spatial structure of the reservoir by 

performing variogram calculation and analysis on the data of 

fixed well drilling [5]. Cross-well variables are estimated by 

selecting relevant samples based on the range variation size, 

and the statistical results of probability are given. This 

inversion method relies heavily on the original well data, and 

the number of fixed drilling wells and the spatial distribution 

of well locations directly affect the inversion accuracy. In 

areas with few wells and fast phase spread change, the errors 

caused by fewer wells and uneven distribution of well 

locations will be greater [6]. 

In light of previous studies, seismic waveform represents 

the tuning pattern of vertical lithologic combination of 

reservoir, and the change of its transverse waveform reflects 

the phase change characteristics of reservoir space, is 

associated with sedimentary environment, and can well 

represent the vertical and horizontal changes of reservoir. 

Under the assumption of wavelet invariance, it is considered 

that the difference of seismic impedance is closely associated 

with the change of well impedance structure, that is, the 

change of seismic waveform originates from the change of 

well impedance [7]. The low frequency part of the wave 

impedance curves represents its sedimentary environment, if 

the seismic waveforms are similar, the low-frequency wave 

impedance curves of the seismic traces will be similar, 

indicating that they are in the same phase spread. 

By comparing the wave impedance curves of two wells in 

the same phase spread (Figure 1), it can be fixed that the 

similarity of the curves is associated with the frequency 

bandwidth, from high frequency to low frequency, from 

completely random to gradually determined. In the simulation 

process, the frequency component of the seismic trace to be 

predicted is also a process from low to high, from 

determination to step-by-step determination and then to 

random. The certainty of the inversion higher than the seismic 

frequency part is greatly enhanced compared with the random 

simulation of traditional geostatistics. 

 
Figure 1. Relationship between Seismic Waveform and Wave Impedance. 

Waveform difference inversion makes full use of seismic 

data with dense spatial distribution, selects statistical samples 

based on the impedance difference of seismic traces, that is, 

the similarity of impedance residual traces, and conducts 

random simulation to establish an initial model. Using 

waveform difference inversion algorithm for phase-controlled 

impedance inversion and extracting high-frequency 

pseudo-impedance curves to participate in the next inversion 

are the core of phase-controlled inversion under the constraint 

of optimal selection of high-resolution pseudo-impedance 

curves. 

3.1.2. Feature Vectors of Waveform Difference 

The following four feature vectors can be employed to 
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describe the difference in seismic impedance 

(1) Center of gravity: reflecting the geometric relationship 

between the amplitude of each sampling point in the same 

time window and the same time window on the time plane. 

RM=
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��∑ �����
�	


 

x(i) is the amplitude value corresponding to Point i, and N is 

the number of sampling points in the time window 

(2) Mean value: the mean value of the seismic amplitude of 

each sampling point in the same time window, which 

roughly depicts the average amplitude in the same time 

window 

X=∑
����

�

�
�
�  

x(i) is the amplitude value corresponding to Point i, and N is 

the number of sampling points in the time window 

(3) Variance: describing the degree to which the amplitude of 

all sampling points in the same time window deviates from 

its mean value 

S=
�

���
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�
�
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x(i) is the amplitude value corresponding to Point i, and N is 

the number of sampling points in the time window 

(4) Variable variance: the mean value of the sum of squares of 

the amplitude differences between two sampling points 

with interval h in the same time window 

r(h)=
�

����
∑ ����� � ��� � �����
�
�  

x(i) is the amplitude value corresponding to Point i, and N(h) 

is the number of sampling points with interval h-1 in the time 

window 

3.2. Inversion Process of Waveform Difference 

(1) Acquire impedance residual traces by comparing the wave 

impedance curves of the well-side seismic traces of two 

fixed wells, and select similar residual traces by comparing 

impedance residual traces of the two seismic traces to be 

predicted with the well-side seismic impedance residual 

traces of the two fixed wells (Figure 2); 

(2) Acquire multiple sampling points by taking the two 

seismic traces to be predicted as sampling points, starting 

from the fixed wells and gradually discriminating from 

near to far to the whole work area; make statistics on the 

vertical variogram of the above four feature vectors and the 

fixed well impedance to characterize the "contribution" of 

the vertical structural change of the well impedance to the 

seismic impedance difference [8]; 

(3) Statistically select the feature vectors of the seismic 

impedance of the sampling points [9], and use the above 

variogram to simulate the well impedance of the sampling 

points to acquire the high frequency wave impedance of a 

sufficient number of sampling points. 

(4) In selecting sampling points, to avoid sample selection 

errors in a large distance range and increase the maximum 

spatial distance control [10], use the waveform similarity 

and spatial distance bivariate to select the wells with 

similar intermediate and low frequency structures as 

spatial estimation samples in the sampling points to be 

selected. After low-pass filtering, establish a 

low-frequency model based on phase-spread changes with 

the high-frequency impedance of the sampling points and 

the frame model, and conduct inversion to acquire a 

high-frequency invertomer as an output. 

 
Figure 2. Comparison of Seismic Impedance and Well Impedance. 

In areas where there are few fixed wells, waveform 

difference inversion employs the relationship between the 

lateral variation of waveform and the relative variation of well 

impedance to establish a characteristic vector variogram 

model [11], which realizes the high-frequency simulation of 

well-seismic cooperation. The acquired pseudo wave 

impedance curves boasts high reliability and high vertical and 

horizontal resolution, offering strong support for subsequent 

inversion. 

3.3. Extraction of Pseudo Wave Impedance Curve 

Selection of the locations of pseudo wells 

To ensure the research effect and better control of the 

pseudo well on the plane, the selection of well location is of 

crucial importance. The selection of the pseudo well is 

premised on the following two principles: 

(1) The selection of the locations of pseudo wells should be 

conducted under the guidance of geological results to meet 

the sufficient control of well points on different phase 

spreads; 

(2) The quality of seismic data at the pseudo well point is 

relatively good, avoiding faults [12]. 

3.4. Optimization of Pseudo Wave Impedance Curve 

Despite that waveform difference inversion makes up for 

the limitation of insufficient samples in areas with few wells 
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by distinguishing waveform difference and regarding the 

selected seismic traces as sampling points, and can acquire a 

high-frequency invertomer in areas with few wells, the 

inversion result lacks a large amount of well data as a posterior 

condition for the high-frequency part, so it is necessary to 

make a selection of the extracted pseudo curve via artificial 

posterior [13]. 

The synthetic records acquired by convolution of these 

pseudo curves and sub-waves are matched with the original 

seismic traces. Sort these pseudo curves by correlation 

coefficient, select the pseudo curves with better correlation 

and the fixed well curves as the original curves for the next 

inversion, and finally acquire the invertomer with high 

resolution. 

4. Application of Results 

Block S fault depression in Songliao Basin is a basin 

controlled by low-angle boundary faults, volcanic rocks are 

widely developed in the basin, and volcanic rocks of 

Yingcheng Formation are important reservoirs of deep natural 

gas in this area. In light of previous studies, the development 

of volcanic reservoirs in Yingcheng Formation of Block S is 

principally controlled by phase spread [14]. The 

superimposition of multi-phase cycles of volcanic rocks in the 

area and the rapid change of lateral lithofacies (Figure 3) result 

in strong vertical and horizontal heterogeneity of volcanic 

reservoirs, which causes great difficulties to the fine 

prediction of volcanic reservoirs [15]. 

 
Figure 3. Distribution Diagram of Primary and Secondary Lithofacies of 

Volcanics in First Section of Yingcheng Formation. 

4.1. Extraction and Selection of Pseudo-well Curves 

Compare the pseudo wave impedance curve of the pseudo 

well site extracted from the waveform difference invertomer 

with the pseudo wave impedance curve of the sparse pulse 

invertomer (Figure 4): the pseudo curve extracted from the 

sparse pulse invertomer has a frequency band of about 

40-50Hz, which is similar to the seismic frequency band, and 

is not helpful for improving the longitudinal resolution of 

subsequent inversion and cannot meet the requirements of fine 

reservoir prediction. The pseudo curve frequency extracted 

from the waveform difference invertomer is far beyond the 

seismic frequency band, reaching 200~250Hz, which greatly 

enhances the longitudinal resolution of subsequent inversion. 

Select 10 locations of pseudo wells in which the quality of 

seismic data is relatively good, avoid faults, and make the well 

locations evenly distributed in different phase spreads as far as 

possible (Figure 5); number these pseudo curves and match 

the synthetic record obtained by convolution of sub-waves 

with the original seismic trace. The synthetic record of pseudo 

curve No. 8 in Figure 6a has a higher matching degree with the 

well-side trace, with a correlation coefficient of 0.94. The 

synthetic record of pseudo curve No. 2 in Figure 6b at the red 

arrow has a lower matching degree with the well-side trace, 

with a correlation coefficient of 0.85; sort these pseudo curves 

by correlation coefficient, and select the first 8 pseudo curves 

with good correlation as the original curves for the next 

inversion together with the fixed well curves, and finally 

acquire the invertomer with high resolution. 

 
Figure 4. Comparison of Pseudo-Curves between Waveform Indication 

Inversion and Sparse Pulse Inversion. 
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Figure 5. a. Well-Seismic Correlation Diagram of No. 8 Pseudo Curve b. Well-Seismic Correlation Diagram of No. 2 Pseudo Curve. 

4.2. Analysis of Inversion Effect 

Figure 6 is a comparison of sparse pulse inversion, waveform 

difference inversion, and high-resolution pseudo-impedance 

inversion in S region. The logging curve is the wave impedance 

curve, and S11 is the verification well. W8, W5, W6 are 

preferred pseudo-wells after waveform difference inversion. It 

can be seen from the profile that the volcanic reservoirs in the 

area are relatively developed (yellow-red bands). 

 
a-Sparse pulse inversion profile; b- Waveform difference inversion profile; c- High resolution pseudo impedance inversion profile 

Figure 6. Sparse pulse inversion, waveform difference inversion and high-resolution pseudo-impedance inversion in S region. 
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Comparing the results of sparse pulse inversion and 

waveform difference inversion (profile a and profile b), it can 

be seen that the lateral distribution of both has the 

characteristics of seismic facies, and the shape of the crater 

cone is obvious, However, the vertical resolution of the 

waveform difference inversion profile is significantly higher 

than that of the sparse pulse inversion, and the inversion 

profile at well S11 is in good agreement with the actual well. 

Comparing the waveform difference inversion with the 

high-resolution pseudo-impedance inversion (profile b and 

profile c), it can be seen that the vertical resolution of the two 

is equivalent, but the high-frequency pseudo-impedance 

inversion adds the control of the pseudo-impedance curve of 

the virtual well. The reservoir in the upper part of the target 

layer is better characterized. The lateral distribution of the 

reservoir is more in line with the multi-period eruption of 

volcanic rocks, and the inversion profile at well S11 is more 

consistent with the actual well. 

5. Conclusions and Recommendations 

(1) Volcanic phase spread in Block S of Songliao Basin 

changes rapidly, and there are few fixed exploratory 

wells (two), which brings great difficulties to the fine 

prediction of reservoir [16]. The pseudo wave 

impedance curves of high-frequency pseudo well is 

acquired via waveform difference inversion, which 

furnishes high-resolution samples with phase control as 

constraints for subsequent inversion, thereby greatly 

improving the prediction accuracy. 

(2) This inversion breaks through the limitations of low 

resolution of conventional sparse pulse inversion and 

insufficient geostatistical inversion samples in areas 

with few wells, effectively enhances the vertical and 

horizontal resolution ratio of the prediction results, and 

comes up with a new idea for high resolution prediction 

of reservoirs in blocks with few wells and relatively big 

changes in phase spread. 
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