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Abstract 
 

Thinly bedded sand-shale heterolithic are commonly found as a marginal 

reservoir in the Malay Basin. In the evaluation of heterolithic reservoirs, a key 

challenge is to determine the appropriate petrophysical properties cutoff. 

This study used the Modular Dynamic Tester (MDT) pressure tests to determine 

the appropriate petrophysical properties cutoff applicable to heterolithic 

intervals. Intrinsic permeability analysis and MDT mobility plots were used to 

determine the cutoffs for shale volume and total porosity. Subsequently, 

hydrocarbon pore volume thickness (with shale volume and porosity cutoff 

applied) was plotted against water saturation to determine the water 

saturation cut-off value. In this case study, the reservoir cutoffs applied are 

shale volume less than 60% and total porosity in excess of 12%. The 

hydrocarbon pay cutoff was set at a water saturation less than 85%. 

 

Keywords: MDT pressure test, reservoir characterization, petrophysical cutoff, 

formation evaluation, heterolithic sand 

 

Abstrak 
 

Heterolitik pasir berlapis nipis biasanya ditemui sebagai takungan marginal 

di Malay Basin. Dalam penilaian takungan heterolitik, cabaran utama 

adalah untuk menentukan cutoff sifat petrofizik yang sesuai. Kajian ini 

menggunakan ujian tekanan Modular Dynamic Tester (MDT) untuk 

menentukan cutoff sifat petrofizik yang sesuai untuk lapisan heterolitik. 

Analisis kebolehtelapan intrinsik dan plot mobiliti MDT digunakan untuk 

menentukan cutoff bagi isipadu syal dan jumlah keliangan. Selepas itu, 

ketebalan isipadu liang hidrokarbon (dengan isipadu syal dan cutoff 

keliangan digunakan) telah diplot terhadap ketepuan air untuk 

menentukan nilai potong ketepuan air. Dalam kajian ini, cutoff takungan 

yang digunakan ialah isipadu syal kurang Dari pada 60%, dan jumlah 
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keliangan melebihi 12%. Hidrokarbon pay cutoff ditetapkan pada ketepuan 

air kurang daripada 85%. 

 

Kata kunci: Ujian tekanan MDT, pencirian takungan, cutoff petrofizik, 

penilaian formasi, pasir heterolitik 

© 2023 Penerbit UTM Press. All rights reserved 

  

 

 

1.0 INTRODUCTION  
 

The Malay Basin is located offshore east of Peninsular 

Malaysia and is the most prolific oil and gas-producing 

basin in Malaysia [1, 2, 3]. Heterolithic thinly bedded 

intercalations of sand and shale are a common 

reservoir type in the Malay Basin. The depositional 

environment controls the petrophysical properties of 

heterolithic reservoirs [4, 5, 6, 7, 8], especially the 

reservoir quality indicators such as shale volume, 

porosity, permeability, and water saturation [3, 9, 10]. 

Sand and shale rock type are incorporated within the 

sediments during or shortly after deposition [10, 11]. 

The heterolithic reservoir quality is partly controlled by 

grain size and clay or shale content with the thinly 

bedded sand shale interval and diagenesis during the 

sedimentation process [5, 8].  

The thinly bedded sand shale from centimetres 

(cm) to millimetres (mm) scale will affect the 

heterolithic reservoir permeability and fluid mobility in 

vertical and horizontal directions. Whilst vertical 

permeability is nearly zero in most cases, horizontal 

permeability of heterolithic reservoirs can be sufficient 

to create an effective petroleum system [10, 12, 13, 

14]. The pore space in the sand laminae can store 

significant volumes of movable hydrocarbons [1, 13].  

In most oil or gas field developments, heterolithic 

reservoirs are considered minor reservoirs and 

secondary targets to be developed as an upside to 

the primary conventional reservoirs targets [15]. 

Petrophysical evaluation of thinly bedded and 

laminated sandstone-shale intervals is challenging 

due to the insufficient vertical resolution of logging 

tools. Log readings of the sandstone laminae are 

commonly suppressed by shoulder effects [16] and 

sometimes are not resolved at all [17, 18]. Vertical and 

lateral compartmentalisation due to stratigraphic 

complexities or small faults is common [19]. Finally, 

heterolithic sandstone reservoirs usually suffer from 

relatively low recovery factors, less than 30% [20]. 

This study proposes to determine the heterolithic 

reservoir’s petrophysical properties cutoff using the 

MDT pressure point from exploration, appraisal wells, 

and infill drilling and used to calculate the pressure 

gradients, allowing the reservoir's true static and 

dynamic behaviours to be identified [21].  

Grayson S.T. 2000, used  MDT to determine the reservoir 

pressure, fluid identification, and formation 

permeability [22]. The MDT data is successfully used to 

determine reservoir permeability and the reliability of 

electrical image logs for the calculation of reservoir 

parameters [23, 24]. Haldia et al., 2013, used MDT 

pressure data with a CMR log to determine the 

reservoir properties [25]. The MDT test data with the 

existing core test was used by Wei Xu et al, 2018 [26] 

to determine the net reservoir cutoffs. The average 

permeability estimated from MDT pressure transient 

analysis was successfully used to determine the net 

pay cut-off in the Abadi field [27]. Integrating MDT, 

NMR logs, and conventional logs provide formation 

permeability and the heterogeneity of the reservoir, as 

mentioned by Tangyan, L. et al. 2005 [28]. The MDT 

data was also used for the calibration of pore pressure 

estimation using seismic inversion. [29] 

Detailed field data studies include cores data, field 

analogue, logs, image logs, and other geological 

data to evaluate the reservoir properties and identify 

the different lithofacies  [30]. The aim is to determine 

and precisely identify the cutoff value to be applied 

deterministically at thinly bedded sand shale intervals 

to classify the reservoir properties that contribute to 

the estimation of hydrocarbon volume and reservoir 

mobility and directly indicate the reservoir potential. 

Determining the formation of petrophysical 

properties cutoff faces many challenges with 

significant uncertainties and impacts on the formation 

evaluation result. The formation property cutoff is 

applied to analyse various reservoir properties in the 

conventional interpretation. The four primary reservoir 

properties involved in the cutoff determination study 

are shale volume, porosity, permeability, and water 

saturation. The challenges and uncertainties in 

determining the reservoir properties cutoff include 

formation thickness uncertainty, especially in 

laminated reservoir units. The high uncertainty in 

determining the petrophysical properties cutoff in 

laminated thin sand shale layers reservoir with 

millimetres (mm) to centimetres (cm) scale [31].  

Estimating pay thickness and hydrocarbon pore 

volume (HPV) thickness contributed by other 

petrophysical parameters will significantly impact 

hydrocarbon volume potential. The core photo and 

image log in Figure 1 exhibit laminated sand-shale 
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textures of the studied interval as opposed to 

dispersed shaly sand.  

 

 
 

Figure 1 The core photo and image log exhibit laminated 

sand-shale textures of the studied intervals. The thin bed 

thickness is below the vertical resolution of standard mode 

log measurements of 12 – 36 inches (~ 30 – 90 cm) 

 

 

2.0 DATA AND METHODS  
 

2.1 Data 

 

The dataset for the study comprises both regional and 

specific data of selected wells, analyses and reports 

covering most geological aspects, including 

information up to the most recent seismic and 

appraisal campaigns in 2013, 2014 and 2021. A total 

of nine wells was used in the studies, and the acquired 

data consists of the conventional open hole logs 

(gamma-ray, density, neutron, and resistivity), sonic 

logs (compressional and shear), wells with wellbore 

images (WBI), six wells with formation tests (MDT and 

DST) and one well with conventional core data.  The 

overview of the studied field shows in Figure 2. The 

conventional logs covered the E to H groups (Figure 

3). The full-bore conventional core is available from 

the Lower H group, and four wells with a total of 11 

sidewall cores are from studies intervals. 

The well log data, in general, is of good quality; the 

borehole is on gauge, where the caliper reading is 

similar to the bit size reading. There are many vintage 

wells drilled with water and oil-based mud. Modern 

logs, such as NMR and wellbore images, are available 

from six wells. This data helps in providing an additional 

means of assessing the property and geometry of the 

formation. Although not all information was available 

when the analysis was performed, these sidewall cores 

should provide lithology, formation geometry, 

porosity, and permeability information. Wellbore 

images are also available, providing continuous 

insights into the formation geometry for the geological 

events larger than the tool’s vertical resolution. 

 

 
 

Figure 2 Malay Basin outline. (A) Map of oil and gas fields in 

the southern part of the Malay Basin, showing the major 

oil/gas trends. (B) NW-SE cross-section of Malay Basin 

indicated the sediment thickness, Modified from EPIC-1994, 

Madon et al., 2006; IHS, 2022 [32, 33, 34] 

 

 
 

Figure 3 Generalized stratigraphy of the reservoir basin. The 

samples in this study were extracted from the Middle 

Miocene, where most of the hydrocarbons are produced 

[35] 

 

 

The stratigraphic of the Malay Basin is directly 

related to structural evaluation, which started from the 

Synrift phase in the early pre-Miocene [35]. The 

tectonic thermal subsidence of the Malay Basin 

started in the early to middle Miocene, when basin 

inversion happened. The studied interval was 

deposited in the marine-dominated environment to 

deltaic sediments with fluvial estuarine channels. The 

abundance of coal-bearing strata in the studied 

intervals indicates the possible subtidal to the coastal 

plain environment. 
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2.2 Methods 

 

The thin-bedded analysis method utilizes available 

core and high-resolution resistivity-based wellbore 

images together with open-hole logs. These are used 

as inputs to generate a set of petrophysical properties 

via a log resolution enhancement (LRE) as described 

by Chong [16], which is more representative of the 

study intervals. The dataset from the studied field 

provides the MDT pretest mobility data, which is 

plotted against the intrinsic permeability (KINT) data to 

generate the distribution that segregates the valid 

and tight points (Figure 4). The KINT permeability is a 

permeability correlation developed by Mike Herron 

(Schlumberger), and it is a function of a volume of 

shale (VSH) and porosity [36]. The inputs for calculating 

the KINT are from porosity and shale volume (VSH) 

logs. The VSH log is calculated by using GR and NPHI-

RHOB. The Porosity log is generated from RHOB. The 

result of the KINT log is compared and matched to 

NMR permeability and core data for calibration and 

to ensure a realistic result. Similarly, the log-estimated 

porosity compared to core data porosity.    

 

 

Figure 4 MDT versus intrinsic permeability (KINT) data 

distribution plot 

 

 

The MDT data is an input to determine the 

petrophysical properties in this study.  The MDT data 

used are valid points and verified by the vendor or 

tools operator. The tools limit is around 0.1 mD/cp, and 

the tight points might be much smaller. The 

overlapping tight and good points are anticipated 

due to the point sample taken at the heterolithic 

intervals. Four primary properties cutoff determine 

using this method are namely shale volume (VSH), 

permeability (K), porosity (Ø), and water saturation 

(SWT). The first step is to determine the intrinsic 

permeability (KINT) cutoff using MDT pretest mobility 

data as a primary input.  

1. Calculate the KINT permeability log from total 

porosity and shale-bound water Derive the 

KINT values for each of the MDT mobility data 

points.  

2. Plot the KINT permeability versus MDT mobility 

data  

3. Successful MDT pretest (valid) and 

unsuccessful (tight) points are segregated 

from the plot. 

4. The corresponding KINT cutoff determined 

above data points where the formation can 

contribute to the reservoir flow and vice 

versa.  

 

The volume of shale is estimated mainly from 

density and neutron logs; GR logs have also been 

used over the zones where density or neutron logs are 

believed to be affected by hole enlargements or 

washout effects.  
The determination of shale volume (VSH) and 

porosity (Ø) cutoff are using the intrinsic permeability 

(KINT) cutoff as a proxy. The several steps below are 

applied.  

 

1. Derive the VSH log using GR and neutron 

density (NPHI-RHOB) logs.  

2. The total porosity is estimated from a density 

log with a matrix density of 2.65 g/cc and fluid 

density of 0.80 g/cc; the effective porosity is 

estimated by subtracting shale-bound water 

from the total porosity, where the shale total 

porosity value used is 0.10 v/v. 

3. Intrinsic permeability (KINT) data plotted 

against shale volume or porosity data.  

4. Establish the relationship between intrinsic 

permeability and shale volume or porosity 

from the data plot. 

5. Using determine intrinsic permeability (KINT) 

cutoff as a proxy, the corresponding shale 

volume (VSH) and porosity cutoff are 

determined. 

 

The water saturation derives using the Leverett-J 

saturation function (SHF_LJ). The SHF_LJ is derived 

based on the available core centrifuge capillary 

pressure data using the normalized capillary pressure. 
The Total Water saturation (SWT) cutoff for studied 

intervals is determined using the hydrocarbon pore 

volume (HPV) thickness data as the primary input. The 

HPV thickness results from the shale volume estimation 

and porosity parameter determined from the cutoff 

applied. The workflow involves several steps as below: 

 

1. Derive the hydrocarbon pore volume (HPV) 

thickness sensitivities using free define SWT 

cutoff.   

2. The HPV thickness result of the free defined 

SWT cutoff is plotted in the sensitivity graph. 

3. The sensitivity of the HPV thickness to the SWT 

cutoff values is analyzed from the HPV 

thickness versus SWT cutoff values plot. 
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4. The SWT cutoff values for the interested 

reservoir are determined from the plot when 

the HPV thickness is no longer sensitive to the 

SWT cutoff values. 

 

The flow chart represents all processes involved in 

the research work, as shown in Figure 5.  

 

 
 

Figure 5 Flowchart illustrates the work processes involved in 

determining the petrophysical cutoff in the heterolithic 

intervals.  

 

 

3.0 RESULTS  
 

3.1 Intrinsic Permeability Cutoff 

 

On the plot of intrinsic permeability (KINT) against MDT 

mobility, there is an overlap between valid and tight 

points. In Figure 6, this domain of overlap where there 

is uncertainty about the ability of the reservoir to flow 

is indicated by two vertical lines (dashed).  The 

viscosity fluid that flows into the MDT tool could be 

affected by drilling mud and formation fluid, as most 

of the MDT points are plotted above the linear 

relationship line as applied for studied intervals. The 

mud and the fluid viscosity need to be incorporated 

into MDT mobility. The KINT cutoff uncertainties applied 

for the non-linear relationship.  

The intersection between the linear relationship line 

between the MDT mobility and KINT with vertical lines 

signifies a cutoff point at which the formation 

responded to the test and is more likely to contribute 

to the flow and vice versa. The intersection point 

translates to the KINT value cutoff in this study which 

considers a minimum cutoff value equivalence to 0.3 

mD. The KINT value of 1.0 mD cutoff will exclude the 

thinly bedded sand as the reservoir potential with the 

heterolithic reservoir interval. 

 
Figure 6 The intrinsic permeability (KINT) and MDT data plot. 

Vertical lines (dashed) represent the minimum valid point 

and the maximum tight point 

 

 

3.2  Shale Volume (VSH) Cutoff 

 

The shale volume cutoff value determination using the 

0.3 mD of permeability cutoff. The shale volume (VSH) 

data are plotted against the KINT data to generate 

the data transform distribution between those 

datasets. The relationship between the KINT data and 

the VSH is established; in this case, the relationship is 

chosen as the maximum boundary from the KINT-VSH 

distribution. Based on the selected minimum KINT 

cutoff value of 0.3 mD, the corresponding VSH value 

from the distribution plot will be 0.6 v/v or 60% of shale 

volume, as shown in Figure 7. The 60% shale volume is 

the equivalent cutoff applied for the interested 

reservoir. 

 

 
Figure 7 The KINT permeability versus MDT mobility (mD/cP) 

and shale volume (VSH) plots were used to determine the 

VSH cutoff 
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3.3 Porosity Cutoff 

 

The porosity cutoff value determination was applied 

for both total porosity and effective porosity. Both 

parameters are essential to determining the reservoir 

quality and other parameters contributing to the 

hydrocarbon volume estimation. To determine the 

total porosity (Øt) and the effective porosity (Øe), the 

KINT permeability data is plotted against the porosity 

data. Both total and effective porosity data 

distribution plots were created separately to 

independently distinguish their relationship with KINT 

permeability.  

The boundary line was generated to determine the 

minimum porosity data relationship from the 

distribution data plot. From the total porosity (Øt) 

versus KINT permeability plot (Figure 8), the 

corresponding Øt value is 0.12 v/v or 12% when the 

KINT permeability is equal to 0.3 mD as the determined 

cutoff. Therefore, the total porosity cutoff value of 12% 

was applied to classify the flow reservoir unit in this 

study field. The effective porosity cutoff value 

determines by effective porosity (Øe) versus the KINT 

permeability plot (Figure 9). From the plot, the 

corresponding Øe value is 0.05 v/v or 5% when the 

KINT permeability is equal to 0.3 mD. Therefore, the 

reservoir quality contributing to the flow unit is defined 

as ≥5% of the effective porosity value. 

 

 
Figure 8 The KINT permeability versus MDT mobility (mD/cP) 

and Total porosity (Øt) plots were used to determine the total 

porosity (Øt) cutoff 

 

 
 
Figure 9 The KINT permeability versus MDT mobility (mD/cP) 

and effective porosity (Øe) plots were used to determine the 

effective porosity (Øe) cutoff 

 

 

3.4 Water Saturation Cutoff 

 

The water saturation cutoff determination is not 

directly based on the MDT and KINT permeability 

relationship. The Leverett-J saturation function was 

used to derive the water saturation at studied 

intervals. The saturation high function is derived based 

on core centrifuge capillary pressure data using the 

normalized wetting phase at capillary pressure data.  

However, the estimation of hydrocarbon pore 

volume (HPV) thickness results from a direct 

calculation from VSH used to determine the net sand 

volume and porosity. The net sand property is 

obtained by applying the 60% cutoff on the VSH. An 

additional cutoff is also applied to obtain property 

summary sets for net sand with total porosity values 

equal to and above 0.12 v/v.  

The result of HPV thickness data is plotted against 

the SWT analysis of cutoff values to generate the 

distribution plot, as shown in Figure 10. These SWT 

cutoff values were combined with the VSH and 

porosity cutoffs to obtain the HPV thickness at the 

reservoir level of the reservoir of interest. The reservoir 

SWT cutoff value is set at the point beyond which HPV 

thickness is no longer sensitive to the SWT cutoff value. 

As indicated in Figure 11, there are differences 

between individual reservoirs. In Reservoir A, whilst 

there is no hydrocarbon in rock with SWT more than 

85%, virtually all of the hydrocarbon is in fact stored in 

rock with less than 70% SWT cutoff value may provide 

a more realistic estimation. The HPV thickness versus 

SWT cutoff plot for reservoir B provides a clearer cutoff 

at an 80% SWT value.  
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Figure 10 The data from Reservoir A - HPV Thickness versus SWT 

cutoff, v/v plots. The SWT cutoff ≤85% is determined by HPV 

thickness sensitivity 

 

Figure 11 The data from Reservoir B - HPV Thickness versus SWT 

cutoff, v/v plots. The SWT cutoff ≤80% is determined by HPV 

thickness sensitivity 

 

 

 

4.0 DISCUSSION 
 

The result from thin bed analysis applied at heterolithic 

reservoir intervals improves the pay thickness, 

permeability and saturation estimations. For net pay 

thickness, the improvement is attributed to the 

removal of shoulder bed effects, re-inclusion of sand 

laminations in pay summation and the removal of 

shale laminations from thick reservoirs, as described by 

Chong [16]. For saturation, clay laminations are 

correctly accounted for in the Dual Water Model or 

Waxman Smits equations. Porosity and VSH provide 

more realistic inputs to the permeability transform. 

The study provides realistic results for the 

petrophysical properties cutoff determination using 

the MDT pretest pressure data to evaluate the 

potential of a heterolithic reservoir by including the 

laminated thinly bedded sand from thin bed analysis 

results. The KINT permeability cutoff value of 0.3 mD is 

the minimum mobility recorded from valid MDT data 

points obtained from the field and is more likely to be 

able to contribute to the formation flow. The lower limit 

of effective and total porosity cutoff is between 5% 

and 12%. This will create uncertainty in reservoir quality 

which will obviously impact on hydrocarbon in place 

and reserves estimation [37].   The result shows that the 

laminated thinly bedded sand is included in the HPV 

thickness analysis from heterolithic reservoir intervals. 

The porosity cutoff affected the values of the 

corresponding VSH and SWT cutoffs [38] and the KINT 

permeability from other fields may have a different 

cutoff based on the MDT data obtained from that 

particular field and reservoirs.  

However, the same methodology can be applied 

to determine the property cutoff as the approach uses 

the actual field data recorded. The realistically 

applied SWT cutoff value improves the estimation of 

HPV thickness to include the thinly bedded sand. 

These results prove that the applied properties cutoff 

provides a realistic outcome in a reservoir definition as 

a result tabulated in Table 1, which significantly 

impacts the volume estimation process. 

 

 
Table 1 The heterolithic reservoir interval properties summary 

using a defined cutoff from the MDT method  

 

Well Interval 
TOP 

mTVDSS 

BASE 

mTVDSS 

NET 

mTVD 

NTG 

m/m 

KH 

mD.m 

Øt 

v/v 

SWT 

v/v 

VSH 

v/v 

K 

mD 

W1 HL 1403.0 1428.8 18.6 0.72 225.3 0.20 0.52 0.30 12.1 

W2 HL 1387.1 1408.3 11.1 0.53 64.9 0.19 0.61 0.39 5.8 

W3 HL 1393.6 1419.3 18.4 0.72 290.8 0.20 0.50 0.35 15.8 

W4 HL 1360.1 1380.9 9.4 0.45 165.8 0.20 0.58 0.40 17.6 

W5 HL 1426.6 1456.5 20.0 0.67 228.5 0.19 0.56 0.35 11.4 

W6 HL 1382.3 1402.2 6.4 0.32 41.9 0.19 0.63 0.37 6.5 

W7 HL 1448.9 1479.0 19.9 0.66 62.2 0.17 0.72 0.38 3.1 

W8 HL 1450.1 1479.1 18.2 0.63 72.4 0.17 0.69 0.39 4.0 

W9 HL 1407.7 1440.3 23.1 0.71 873.7 0.20 0.55 0.32 37.9 

VSH ≤ 60%, Øt ≥ 12% and SWT ≤ 85% 

 

 

5.0 CONCLUSION 
 

The present study deals with petrophysical evaluation 

to determine the properties cutoff as part of the field 

hydrocarbon volumetric evaluation. The MDT from the 

studied field provides the KINT permeability cutoff 

value of 0.3 mD to include thinly bedded sand. The 

VSH cutoff value of 60%, total porosity cutoff of 0.12 

v/v, and the realistic SWT cutoff determination of 85% 

and 80%. The application of these properties 

determined cutoff as a result of MDT pretest pressure 

data analysis for heterolithic reservoirs with thinly 

bedded sand-shale, opens the opportunity for 

extended development and unlocking of the real 

potential of heterolithic reservoirs thus, creating 

opportunities for marginal Field Development for the 

studied field.  
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