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SUMMARY 
At the request of YYY International, a petrophysical evaluation of the Well-XX Exploration 
well in the HHHH Basin has been carried out. The purpose of the evaluation is to provide 
data for use in a farm-in opportunity. 

The primary objective KKKK sands were encountered gas-bearing at 1743.9-1788.1 m RT. 
Permeabilities in the KKKK sands range from 1 to 100 mD. The sand quality is significantly 
poorer than seen in the equivalent units elsewhere in the Basin. Average porosity is 18.3% 
and gas saturation 53.7%, assuming grain densities similar to the nearby ZZZZ field. Net 
sand is around 37 m.  

Formation pressure data confirms the presence of gas with a clear gas gradient through the 
entire KKKK sequence. No gas-water contact has been located, only a Gas-Down-To can be 
confirmed at 1788.1 m RT. Using saturation-height functions derived for the KKKK Sands 
in the ZZZZ Field, the FWL could be as close as 1800 m RT, while assumption of a 
hydrostatic pressure gradient implies a FWL near 2005 m RT. The nearest well penetration 
with water pressures is JJJ-1, where the aquifer is over-pressured with respect to hydrostatic, 
so the most likely case should assume a FWL shallower than 2000 m RT. 

The shallower LLLL Sandstone is also gas bearing from 1522-1527.5 m RT, with water 
below. Average porosity in the gas column is 23.4% with gas saturations of 37.6%. 

The petrophysical evaluation could be further refined by the following activities: 

·  If possible, the sidewall cores recovered should be forwarded to a core analysis 
facility to obtain grain density measurements. Use of correct grain densities is the 
most efficient way of dealing with complex lithologies in porosity evaluation. 

·  Core data from nearby wells within the HHHH Basin should be obtained. Grain 
density information, in particular, would increase confidence in the porosity 
evaluation. Any capillary pressure measurements from the overlaying shale could 
also be used to check how large a column could be “sealed”  by this Formation, 
although regional information suggests gas columns up to 300 m are possible. 

·  Formation water salinity information from adjacent wells and other Fields within the 
HHHH would also increase confidence in the water salinity selected for this 
evaluation. 
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1. INTRODUCTION 
Well-XX is a vertical exploration well drilled by SSSS on behalf of the SSSS-TTTT Joint 
Venture in permit AAA-BBB of the HHHH Basin. The objective of the well was to test the 
KKKK Formation for the presence of hydrocarbons.  

When considering the evaluation of Well-XX as described herein, it should be noted that this 
work was carried out in a very short time frame solely to provide information to facilitate a 
farm-in decision. Hence, this document is not as comprehensive as would be provided under 
normal circumstances. 

The petrophysical evaluation of Well-XX is documented in the following sections. 

2. AVAILABLE DATA 
All logs and depths are recorded with reference to the rotary table (RT) at 25.0 m above 
mean sea-level. The seabed is found at 70.5 m below mean sea-level.  

2.1 Mudlog Data 
Mudlog data including ROP, WOB, RPM and gas information was provided digitally by 
TTTT to YYY.  All data has been received and stored digitally.  The Mudlog data has been 
utilised in the petrophysical evaluation to assist in understanding of reservoir property and 
fluid content variations, primarily by comparison with the gas detector readings.  

2.2 Log Data 
In the Well-XX well, Schlumberger acquired wireline log data over the 12 ¼”  hole section 
from 742-2097 m RT. The logging suite consisted of Platform Express (Laterolog, 
Microresistivity, Density, Neutron, Gamma Ray, Caliper), Dipole Sonic (Compressional & 
Shear Waves Recorded), Formation Pressures and Sidewall Cores. 

Gamma ray and resistivity measurements were also acquired by Schlumberger using FEWD 
equipment.  

Log quality has been critically examined and can be summarised as reasonable overall. It 
was possible to make quantitative analyses of the objective section.  

2.3 Core Data 
2.3.1 Conventional Core 

No conventional core data was acquired in Well-XX.  

2.3.2 Sidewall Samples 

One gun of sidewall cores was acquired in the Well-XX well. Recovery was excellent with 
all 30 bullets being recovered. 

2.4 Formation Pressure Tester  Data 
A formation pressure tester was run in the 12 1/4”  hole section to establish the mobile fluid 
phase in the KKKK Sands and characterise the water pressures. Detailed interpretation is 
discussed in section 4. 

In summary, the pressure data is considered representative and of sufficient quality to 
determine the fluid type. Unfortunately, there is no data from a water-leg allowing the FWL 
to be positively located. 
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2.5  Production data 
No production test was carried out. 

3. PETROPHYSICAL EVALUATION 
The petrophysical evaluation carried out for Well-XX is detailed in this section. 

3.1 Temperature 
For log interpretation purposes the temperatures actually recorded in the well are used since 
this is the environment in which the logs were actually operating. The maximum temperature 
recorded on the resistivity run was 80ë C.  

3.2 Porosity 
Core data from the nearby ZZZZ Field has grain densities near 2.67 g/cc and is likely to be 
representative of the Well-XX KKKK Formation, hence 2.67 was also to estimate porosity 
from the density log.  

An iterative procedure utilising the invaded zone resistivity and the density log was used to 
ensure the porosities are corrected for hydrocarbons. A gas density of 0.20 g/cc was assumed 
for these corrections, based on the range of possible gas densities interpreted from the 
formation pressure gradient (0.18 to 0.26 g/cc). 

3.3 Seal Discr imination 

The normalised density-neutron difference (RPD = (f neu-f den)/f den) is used to define 
reservoir. Where RPD is greater then 1.0, poor quality reservoir is likely. Poor reservoir is 
unlikely to form top seal. Where RPD is more than 2.0, the formation is likely to be sealing. 
The gamma ray and the mud log have also been used to confirm this seal definition. 

3.4 True Formation Resistivity 
For the analysis presented, the laterolog resistivity values have been invasion corrected to 
yield estimates of the true formation resistivity (Rt).  

3.5 Formation Water  Resistivity 
For the KKKK and LLLL sections evaluated, the formation water salinity has been 
determined to be near 20,000 ppm NaCl eq. The apparent formation water resistivity closely 
matches the formation water resistivity based on this salinity in the siltstones adjacent to the 
KKKK Sands.  

The limited amount of regional information also suggests that formation water salinities in 
the range 20,000 to 26,000 ppm NaCl eq. are most likely. 

3.6 Hydrocarbon Saturation from Logs 
Hydrocarbon saturations were estimated using both the Archie and Waxman-Smits 
equations. The Juhasz (1986) variation of the Waxman-Smits equation has been used to 
estimate a clay conductivity correction. This technique assumes the calibration intervals are 
water-bearing. Since they actually contain some hydrocarbons, then the conductivity 
corrections applied are too. However, in the silty units encountered in Well-XX, it is thought 
better to apply this smaller correction than no clay conductivity correction at all. Hence the 
Waxman-Smits water saturations reported should be considered as maximum values. The 
clay conductivity correction factor was estimated using the following relationship: 
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LLLL:  BQv = 0.0·RPD 

KKKK: BQv = 2.0·RPD 

Where RPD is the lithology corrected and normalised density-neutron difference (§3.3).  

The log evaluated reservoir intervals, porosities and water saturations were compared with 
the mud logs for Well-XX to ascertain whether the results were consistent. 

3.7 Net Sands 
Once porosity and hydrocarbon saturation curves were available, a plot was made showing 
the porosity distribution and the cumulative hydrocarbon volume as a function of the 
porosity distribution, for the KKKK Sands. Figure 1 illustrates how there are negligible 
hydrocarbons found at porosities less than 10%, suggesting this value to be a maximum case 
net sand cutoff. Note that a porosity cutoff near 14% excludes 8% of the hydrocarbon 
volume, which is too coarse.  

Net sand and average porosities and gas saturations have been determined at 10% porosity 
cutoffs for the KKKK and at 14% porosity cutoff for all other sands. The resistivity log 
separation, the SP log and the mud log have also been used to confirm these reservoir 
definitions. Note that to ensure sections of clearly non-reservoir were excluded from the net 
sand count, a gamma ray cutoff of 95 API was also applied.  

The results are discussed in the next section.  
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Figure 1 

The porosity 
distribution is 
plotted along with 
the corresponding 
normalised 
cumulative pore 
volume and 
hydrocarbon volume 
curves. 

4. RESULTS OF PETROPHYSICAL EVALUATION 
The overall results of the petrophysical evaluation are given in Table 1a. 

Results are displayed in Attachment 1 for the LLLL (1522-1531 m RT) and in Attachment 2 
for the KKKK Sand (1740-1792 m RT).  
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Formation 

Top 
(mRT) 

Base 
(mRT) 

Gross 
(m) 

Net 
(m) 

 
n/g 

f  f  f  f   
(frct.) 

K 
(mD) 

Sh 
(frct.) 

HCPV 
(m) 

 
Comment 

All 742.0 2097.0 1355.0 538.2 0.40 0.265 n/a 0.032 4.626 Porosity cutoff 0.14 & 
GR < 90 API. 

KKKK Gas 1522.0 1527.5 5.5 3.4 0.61 0.208 n/a 0.347 0.242 Porosity cutoff 0.14 & 
GR < 90 API. 

KKKK 
Water 

1527.5 1531.2 3.7 3.1 0.84 0.197 n/a 0.126 0.077 Porosity cutoff 0.14 & 
GR < 90 API. 

KKKK 1744.0 1792.0 48.0 37.8 0.79 0.183 9.5207 0.537 3.702 Porosity cutoff 0.10 & 
GR < 90 API. 

Table 1b – Well-XX Petrophysical Averages. 

4.1 Reservoir  
In total a gross thickness of 1355 m was penetrated (from 742 to 2097 m RT), of which 538 
m (40%) was evaluated as reservoir according to the criteria in section 3.7.  

4.2 Porosity 
Porosity estimates are based on the density log, using the micro-resistivity to correct for gas 
in the measurement volume of the density tool. This technique typically provides the most 
reliable porosity estimates in hydrocarbon-bearing sands.  

4.3 Permeability 
In the absence of any core data, the permeability modelling methodology developed for the 
ZZZZ Field (reference removed) was applied to the KKKK unit in Well-XX. Figure 2 shows 
the form of the relationships, with the methodology used modelling permeabilities between 
the best and worst lines shown.  
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Figure 2 

Porosity vs. permeability 
from the ZZZZ Field. The 
methodology used models the 
range in facies between the 
best and poorest lines. 

Comparison between the permeabilities estimated using the ZZZZ Model and those 
estimated from the formation pressure test build-up mobilities is made in Attachment 2.  The 
correspondence between the two independent estimates is good, indicating that the ZZZZ 
model does a reasonable job estimating permeabilities in Well-XX. Note that there has been 
no “scaling”  or other “calibration”  of one set of estimates to match the other.  
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Although there are a number of MDT points that are “ tight”  when the log interpretation 
suggests they are not, this is interpreted to be a result of the MDT probe sampling non-
reservoir units below the vertical resolution of the conventional logs. 

Note that the average permeability given for the KKKK Sand in Table 1 does not make it 
look a very interesting unit. The range of permeabilities is quite high, making the unit 
certainly suitable for gas development. Figure 3 shows a permeability histogram of the net 
sands in the KKKK Sand. From the Figure, it is easier to see the range in permeabilities 
estimated. 
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Figure 3 

Permeability 
histogram for the 
KKKK Sands in 
Well-XX. 

4.4 Hydrocarbon Saturations 
Mobile gas has been located in the KKKK Sand objective. The LLLL also contains mobile 
gas, but at lower saturations than the KKKK and over a much shorter column. 

4.5 Formation Pressure (MDT) Data 
The MDT data collected is plotted in Figures 4a (LLLL) and 4b (KKKK).  

The LLLL pressure data suggest possible mobile gas down to 1527.5 m RT (1502.5 mss), in 
agreement with the conventional log evaluation. 

The KKKK shows a clear gas gradient down to 1788 m RT (1763 mss). Unfortunately, the 
water gradient in the KKKK cannot be unequivocally established owing to the absence of 
any permeable sands below this depth.  

Regional aquifer information (ZZZZ) suggests that the FWL could be as deep as 2005 m RT 
(1980 mss).  

However, the actual FWL depth cannot be better defined without more information 
regarding the in-situ water pressures. 
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Figure 4a 

Formation pressure data 
for the LLLL Sand (1522-
1531 m RT). 
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Figure 4b 

Formation pressure data 
for the objective KKKK 
Formation. 

5. DISCUSSION 

5.1 Capillary Pressure Data 
Permeability based saturation-height functions were developed from capillary pressure 
measurements on core data for the KKKK in the ZZZZ Field (reference removed). These 
relationships have been applied in Well-XX as a cross-check on the wireline log derived 
water saturations. The black line (Swirr) in the water saturation track of Attachment 2 is the 
water saturation from the ZZZZ model based on a FWL near 2000 m RT. The agreement 
with the wireline log-derived water saturations is quite good, providing independent 
corroboration of the wireline log based water saturations. 

5.2 Free Water  Level Location  
Many wells in the HHHH Basin have aquifer pressures near to hydrostatic from surface. If 
such a “ regional aquifer”  is considered for Well-XX, then the gas column could be as deep 
as 2005 m RT (1980 mss). 

The capillary pressure based saturation-height functions have also been used to determine 
how close the FWL could be to show the water saturations estimated from the logs. The 
shallowest possible FWL is at 1800 m RT, some 12 m below the observed Gas-Down-To. 
Aquifer pressures would need to be some 230 psi above the regional gradient to have this 
FWL. 
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The nearest well to Well-XX is JJJ-1. In this well, the aquifer pressures are higher than the 
regional gradient seen in other HHHH wells, but only by 100 to 180 psi in the KKKK, 
although deeper intervals are over 500 psi over-pressured. 

The data suggest that the FWL lies between 1800 and 2005 m RT. There is currently 
insufficient data to determine the most likely FWL location within these limits, although 
similar overpressures to JJJ-1 would place the FWL at 1845 m RT (1820 mss), based on 180 
psi overpressure or near 1915 m RT (1890 mss), if the overpressure is only 100 psi. 

5.3 Uncertainty  
Uncertainties have not been quantified for this “quick-look”  petrophysical evaluation.  

However, it is expected that the largest uncertainties result from the grain density 
assumptions, impacting on porosity and consequently on gas saturation. Formation water 
resistivity uncertainty is also an issue, as is clay conductivity, however these are expected to 
be of lower importance.    

6. CONCLUSIONS 
A short gas column (5.5 m gross, 2.8 m net) has been located in the LLLL Sands, with a 
Gas-Water-Contact near 1575.5 m RT (1502.5 mss). Average porosity in the gas column is 
23.4% with gas saturations of 37.6%. 

The deeper KKKK Sands are gas-bearing, with a column penetrated from 1744 to 1788 m 
RT. Although no FWL has been located, it can be shown to be in the range 1800 to 2005 m 
RT.  

Permeabilities in the KKKK sands range from 1 to 100 mD. The sand quality is 18.3 % with 
gas saturations of 53.7%, assuming grain densities similar to ZZZZ. Net sand is around 37 
m. 

7. RECOMMENDATIONS 
If possible, the sidewall cores recovered should be forwarded to a core analysis facility to 
obtain grain density measurements. Use of correct grain densities is the most efficient way of 
dealing with complex lithologies in porosity evaluation. 

Core data from nearby wells within the HHHH Basin should be obtained. Grain density 
information, in particular, would increase confidence in the porosity evaluation. Any 
capillary pressure measurements from the overlaying shales could also be used to check how 
large a column could be “sealed”  by this Formation, although regional information suggests 
gas columns up to 300 m are possible. 

Formation water salinity information from adjacent wells and other Fields within the HHHH 
would also increase confidence in the water salinity selected for this evaluation. 

REFERENCES 
Juhasz, I.: "Assessment of the distribution of  shale, porosity and hydrocarbon saturation in 
shaley sands," paper AA, Chapter 15, in 10th European Formation Evaluation Symposium 
transactions, SPWLA, Aberdeen, 1986. 
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ATTACHMENT 1 – LLLL SAND 
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ATTACHMENT 2 – KKKK SAND 

 
 


