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Abstract 

 
Good quality sonic and density log data in the 

entire drilled section are required for seismic 

reservoir characterization through inversion and 

AVO studies. The sonic log data is generally not 

recorded in all the drilled wells. Further, the 

recorded sonic data may either be missing in 

some sections of the borehole or affected by bad 

borehole conditions, mud filtrate invasion and 

cycle skipping due to gas cut mud/ slow 

formations. In such circumstances travel time 

modelling has to be carried out for synthetic 

sonic log generation to fill the missing sections 

and to repair the data affected by borehole 

environment. 

 

In the present paper, an attempt has been made 

to model the sonic travel time thru a 

comprehensive petrophysical evaluation using 

probabilistic multi-mineral approach.  

 

The Mineral model comprising of quartz, silt, 

siderite, clay, carbonaceous matter and coal was 

selected on the basis of core log integration to 

estimate mineralogical volumes, porosity and 

saturation. 

 

The stochastic log response equation theory 

have been used for prediction of compressional 

wave travel time of shaly/silty sandstones of 

Kalol & Kadi formations in the area of study. 

 

The developed methodology and workflow has 

been applied successfully for prediction of 

compressional wave travel time in south-Kadi 

field of Western Onshore basin. A very good 

match between predicted recorded and 

compressional wave travel time proves the 

efficacy and usefulness of the methodology.  

 

1. Introduction 
 

South Kadi field is one of the proven 

hydrocarbon- bearing field, located on the 

Sanand-Jhalora-North Kadi High of Cambay 

basin (Fig.-1).  

Hydrocarbon bearing reservoir layers are 

developed extensively within the Older 

Cambay Shale (OCS). These complex lithology 

sand layers are shaly, silty and have limited 

lateral continuity. Inter reservoir shales show 

presence of carbonaceous matter and siderite as 

inferred from logs as well as core data (Fig.-

2&3). Sand layers developed within Chatral, 

Mehsana and Mandhali members of Younger 

Cambay Shale (YCS) and Kalol formation are 

relatively clean.  

 

The Kadi pays are very complex in nature due 

to variation in lithology, presence of silt sized 

quartz grain and carboneous matter both in 

reservoirs as well as shale sections. These 

complexities in reservoir and shales make the 

petrophysical evaluation and travel time 

modelling a difficult task.  

 

In the present paper, an attempt has been made 

to model the sonic travel time thru a 

comprehensive petrophysical evaluation using 

probabilistic multi-mineral approach. 

Fig.-1. Location map of study area, south-kadi 

field. 
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The Mineral model comprising of quartz, silt, 

siderite, clay, carbonaceous matter and coal was 

selected on the basis of core log integration to 

estimate mineralogical volumes, porosity and 

saturation. 

 

The stochastic log response equation theory 

have been used for prediction of compressional 

wave travel time of shaly/silty sandstones of 

Kalol & Kadi formations in the area of study. 

 

The developed methodology and workflow has 

been applied successfully for prediction of 

compressional wave travel time in south-Kadi 

field of Western Onshore basin. A very good 

match between predicted recorded and 

compressional wave travel time proves the 

efficacy and usefulness of the methodology.  

 

 

 

 

 

 

 

 

2. Petrophysical Evaluation 
 

A comprehensive petrophysical evaluation for 

mineral volumes, porosity and fluid saturation 

is a pre-requisite for a robust forward modelling 

of sonic travel time. The methodology and 

workflow adopted for Petro-physical evaluation 

is as follows:  

 

Data Preparation 

 

Different log runs were merged and depth 

matching was done for all the log curves with 

reference to deep resistivity. Environmental 

corrections (mud, borehole and invasion 

correction) were applied on the log data. 

 

Mineral Model   

 

Due to presence of silt and siderite, wide 

separation between N-D logs and higher PEF 

are observed and result into higher computed 

shale volumes if their presence is not properly 

addressed through an appropriate multi-mineral 

model.  

 

Sedimentological and petrographic studied on 

conventional core, log data X-plots, suggest that 

the reservoirs is mainly composed of quartzitic 

sand, silt and shale along with some heavy 

minerals such as siderite, pyrite etc.  Presence 

of coaly matter has also been observed in some 

formations.  

 

Predicating on these observations, mineral 

model consisting of Quartz, Silt, Siderite and 

clay has been used. Processing parameters for 

the mineral constituents determined from 

various cross-plots of log data and core analysis 

are presented in Table-1.  

 

 

Formation Water Resistivity and Archie’s 

petrophysical parameters 

 

The Formation water resistivity (Rw) ranging 

from 0.18-0.22 ohm-m at formation 

temperature for Kalol sands, 0.16-0.22 for 

Younger Cambay Shale and 0.16-.18 for Older 

Cambay Shale, has been used for processing. 

Indonesian equation model with Standard 

Archie’s parameters, a=0.62, m=2.15 & n=2 

were used for computation of water saturation. 

 

Processed Petrophysical Output 

 

The processed output of studied key wells e.g. 

effective porosity, water saturation, volume of  

Table-1: Processing Parameters 

 

Mineral RHOB NPHI GR DT 

Quartz 2.65 -0.03 25-35 56-58 

Silt 2.6 0.3-0.35 45-55 65-75 

Siderite 3.88 0.12-0.18 0-5 45-48 

clay 2.3-2.35 0.55-0.65 80-120 130-145 

coal 1.2-1.24 0.6-0.7 20-25 155-165 

Fig.-4 , Well-X:  Petrophysical Evaluation of kalol 

& kadi formations. 

Fig-3. Conventional core 

showing oil bearing fine 

grained argillaceous 

sandstone with 

carbonaceous bands 

Fig-2. Conventional Core 

from a well indicates the 

presence thick siderite 

banding in shale  
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Clay and mineral volumes, used as input in 

travel time modelling are presented in Fig-4 and 

Fig.-5.  
 

 

3. Travel Time Modelling   

 
Several published methods for generating 

compressional wave velocity are available. The 

most successful and practical to implement is 

the Log Response Equation method, which is 

used in the present study. This equation 

represents the response of bulk rock comprising     

mineral volumes, clay volume, porosity, fluid 

type & saturations to log measurements such as 

density, hydrogen index, sonic travel time, GR 

etc.  

 

Log Response Equation 

 

All probabilistic models are designed to solve 

the so-called inverse problem, in which log 

measurements also called tools, and response 

parameters are used together in response 

equations to compute volumetric results for 

formation components.  

In reality, that aspect of the program is only one 

side of a three-way relationship among tools, 

response parameters, and formation component 

volumes. 

t= R*v 
The relationship is often presented in a 

triangular diagram: 

 

 

 

 

 

 

 

In the above diagram, the t represents the tool 

vector—all logging instrument data and 

synthetic curves. The v is the volume vector, the 

volumes of formation components. 

R is the response matrix, containing the 

parameter values for what each tool would read, 

given 100% of each formation component. 

Given the data represented by any two corners 

of the triangle, the program can determine the 

third. 

Mathematically various log responses can be 

represented by volume weighted linear 

combination of response parameters of 

individual rock components as described below 

for density(𝜌𝑏) and sonic travel time(DT) logs.   

 

𝜌𝑏 =  𝜌𝑜𝑖𝑙𝑣𝑜𝑖𝑙 + 𝜌𝑓𝑤𝑣𝑓𝑤 + 𝜌𝑞𝑢𝑎𝑟𝑡𝑧𝑣𝑞𝑢𝑎𝑟𝑡𝑧

+ 𝜌𝑠𝑖𝑙𝑡𝑣𝑠𝑖𝑙𝑡 + 𝜌𝑠𝑖𝑑𝑒𝑟𝑣𝑠𝑖𝑑𝑒𝑟

+ 𝜌𝑐𝑙𝑎𝑦𝑣𝑐𝑙𝑎𝑦  

+ 𝜌𝑐𝑜𝑎𝑙𝑣𝑐𝑜𝑎𝑙               (1) 

 

𝐷𝑇 =  𝐷𝑇𝑜𝑖𝑙𝑣𝑜𝑖𝑙 + 𝐷𝑇𝑓𝑤𝑣𝑓𝑤

+ 𝐷𝑇𝑞𝑢𝑎𝑟𝑡𝑧𝑣𝑞𝑢𝑎𝑟𝑡𝑧

+ 𝐷𝑇𝑠𝑖𝑙𝑡𝑣𝑠𝑖𝑙𝑡 + 𝐷𝑇𝑠𝑖𝑑𝑒𝑟𝑣𝑠𝑖𝑑𝑒𝑟

+ 𝐷𝑇𝑐𝑙𝑎𝑦𝑣𝑐𝑙𝑎𝑦  

+ 𝐷𝑇𝑐𝑜𝑎𝑙𝑣𝑐𝑜𝑎𝑙               (2) 
 

Similarly, every log measurement will have a 

response equation. A set of response equations 

can be represented in the following matrix form 

 

In first step, Inverse problem (v=R-1*t) is solved 

for petrophysical evaluation, described in 

section-2 above, to compute volumes (v) from 

tool measurements (t) and estimated response 

parameter(R). The computed volumes are 

optimized using the least square error 

minimization technique. 

 

In the second step, forward problem (t=R*v) i.e. 

computation of tool measurements (t), using 

computed volumes(v) in the first step and 

estimated response parameter(R), is solved for 

modelling the sonic travel time in the present 

study as in equation-(2) above. 

 

 

 

 

Fig.- 5, Well-X  Petrophysical Evaluation of (Lower 

kadi section) 
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The tool measurement to be modelled is not 

included while solving the inverse problem in 

the first step. The reconstructed logs in the 

second step are compared with recorded data 

wherever available to validate the modelling 

results by fine tuning the response parameters 

(R) and least square error minimization 

technique. 

Finally, the optimized volumes and response 

parameters are used to model the travel time in 

the wells where sonic data is either not available 

or affected by the borehole environment. 

 

 

Table-2. Travel time response parameters 

 

4. Discussion of Results 

 

Well-A 

 
The conventional triple combo log suite, 

recorded in well-A is used for model building 

and recorded compressional sonic log (DT) is 

used for fine tuning and validation of the model. 

The results of petrophysical evaluation and 

travel time modelling for the well-A are 

presented as paralog in Fig.-6&7.  

Travel time response parameters for various 

minerals and fluids taken in the model across 

the area of study are given in Table-2. 

 

The conditioned log data GR(green curve, 

track-1), Deep Resistivity (red curve, track-3) , 

bulk density( red curve, track-4) and Neutron 

porosity (blue curve, track-4) is used in the 

model building for Lower Kadi pays developed 

within Older Camay Shale(OCS) formation in 

well-A (Fig.-6). The computed mineral 

volumes (track-7), porosity and water saturation 

(Track-6) indicate an oil bearing sandstone 

reservoir in the interval 1875-1893m, along 

with   clay rich shale sections above & below 

this reservoir layer. Thin shaly sand layers have 

been interpreted within shale sections and thin 

shale streaks in reservoir section.  

 

Modelled sonic log DT_SYNTH (black curve, 

track-5) along with recorded sonic log, DT 

(blue curve, track-5) is also presented for older 

Cambay shale (OCS) formation in Fig.-6. 

             

A very good match between modelled and 

recorded sonic data against reservoir as well as 

shale sections has been observed. The similar 

results with very good match between modelled 

and recorded sonic log has also been observed 

for Youger Cambay Shale unit with good 

development of Mandhali pay sands (fig.-7). 

Mineral Travel time response  
(US/F) 

Quartz 55.5-58 

Silt 65-75 

Siderite 43-45 

clay 125-135 

Water 189 

Oil 220-240 
Fig.- 6. Paralog of well-A, for lower kadi pays. 

Fig.- 7, Paralog of well-A,  for younger cambay 

shale (Mandhali pays) 
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A good correlation (CC≥86%) is observed in  
modelled compressional travel time and 

recorded compressional travel time. (Fig.-8.). 

 

 

 

 

Well-B 
 

This well does not have any recorded sonic log. 

The log curves, GR, Resistivity, Density & 

Neutron porosity  were used for Petrophysical 

evaluation as in the model well-A. The 

processed outputs for OCS & YCS sections are 

shown in Fig.-9 & 10 respectively.  Modelled 

Compressional sonic travel time (DT_SYNTH) 

is presented as black curve in track-5 for both 

the formations. 

 

Variations in log features in both the formations 

have been very well depicted in the 

petrophysical evaluation results and in turn in 

the modelled sonic travel time log also.  

 
 

 

 

 

 

The modelled results are satisfactory and 

validated with the recorded logs data where 

good quality compressional sonic travel time is 

available against good borehole condition. The 

model has been successfully applied for 

prediction of compressional wave logs in the 

study area and can be extended to other 

petroliferous basins.  

 
 

5. Conclusions 

 
1. The present study has brought an innovative 

technique for prediction of sonic travel time 

through petro-physics based forward 

modelling in wells where either sonic log is 

not recorded or the data is highly affected by 

bore hole environment. 

 

2. A comprehensive multi-mineral model for 

petrophysical evaluation is a pre-requisite 

for forward modelling of sonic log data.   

 

3. The presented study is helpful in generating 

good quality sonic log data for seismic 

reservoir characterization through post stack 

inversion & AVO analysis.  

 

4. The developed methodology can be 

extended to other petroliferous basins for 

exploration & development activities. 

 

 

 

 

Fig.- 9, Paralog of well-B for lower Kadi pays. 

Fig. - 10, Paralog of well-B for  younger cambay 

shale(Chatral member) 

 

Fig.-8. Well-A. X-plot of modelled and recorded travel 

time in YCS & OCS formations. 

Correlation coefficient ⋍86% 
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