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Introduction 

Evaluation of tight reservoir rocks, having low porosity and low permeability, is difficult enough. It 

becomes even more challenging when the formation water in these reservoirs is either fresh or has 

low salinity. The combination of fresh formation water and tight nature of the reservoir rocks causes 

the resistivity logs to read high, resulting in a low contrast in resistivity between fresh water bearing 

formation and hydrocarbon bearing one. This creates an uncertainty on the type of reservoir fluid and 

computed water saturation, if the formation water salinity is not known. Consequently, this becomes a 

source of contention between geoscientists who estimate hydrocarbon resource volumes and 

petrophysicists who provide the input parameters used in hydrocarbon resource assessment. This has 

been an age old problem, which still exists today. Although certain logs, such as the Dielectric log and 

Nuclear Magnetic Resonance log, may help in resolving this issue, oftentimes they are not available. 

Even the simple but useful Spontaneous Potential log, which helps to identify fresh formation water, 

is not available nowadays in wells drilled with Oil Base Mud or in those where log data is acquired 

while drilling with LWD tools. Formation Tester tools can identify fluid type and acquire samples, but 

the tight nature of the reservoir rocks poses additional challenges in getting reliable fluid gradients 

and samples. Several case histories are presented in this paper, highlighting the difficulties 

encountered in evaluating fresh water bearing tight formations. In all these wells, initial quick look 

evaluations indicate that the wells are probably fresh water bearing. However, being exploration 

wells, there were some opinions that they could be hydrocarbon bearing because of the presence of 

hydrocarbon shows on mud logs. Several attempts to take formation fluid samples using wireline 

formation tester either failed or were inconclusive. In some wells, Drill Stem Tests were carried out to 

acquire fluid samples and determine well deliverability if any. Most of these tests resulted in a very 

small influx of formation water into the well bore with little or no flow at the surface. Consequently, 

there was a contention about the validity of the well tests and the conclusion on the fluid type. 

However, bottom-hole samples taken during the tests indicate that the produced fluid from tested 

reservoirs was fresh formation water. When the salinity of the recovered water sample is used to re-

evaluate the reservoirs of interest, they turned out to be essentially water bearing with some amount of 

residual hydrocarbon. Static Gradient Surveys carried out in these wells also confirmed some influx of 

fresh formation water. However, being a static survey, the SGS could not definitively resolve the 

issue of the formation fluid type. A spinner survey would not have worked at such a very small influx 

from the formation. Based in the available data, petrophysicists have interpreted the tested reservoirs 

to be water bearing, possibly with some amount of dissolved or residual gas. However, geoscientists 

would prefer to interpret them as hydrocarbon bearing and book recoverable resources. This now 

becomes a challenge to perform a conclusive petrophysical evaluation which is technically acceptable 

to all parties concerned 

 

Case History 1 - Exploration Well: AX-1 

An exploration well AX-1 was drilled in a producing field, offshore Malaysia, to explore and assess 

the hydrocarbon potential of the deeper reservoirs. As this well was an HPHT (High Pressure High 

Temperature) well, there was a limitation on the well logging tools that can be run in this well. The 

formation temperature in the target reservoirs was expected to exceed the temperature limit of most 

logging tools. Consequently, sophisticated tools could not be used and only basic standard logs were 

run in this well. The well encountered several sand packages in the deeper intervals. The sands were 

relatively clean with high resistivity readings around 20 to 30 ohm-m. However the average formation 

porosities were low, ranging from 5 to 10 p.u. In one particular reservoir sand, the total gas reading 

was around 8%. Several rotary sidewall samples taken in this reservoir sand indicated fine grained 

sand with poor visible porosity with no oil shows. Out of the three attempts made to take pressures in 

this particular sand, only one pressure test was classified as being valid. The pressure obtained was 

very high, confirming the over-pressured nature of the reservoir. Unfortunately, further attempts to 

acquire pressure data in the lower sands resulted in tight tests or seal failures. The decision was made 

to carry out a Drill Stem Test in this particular reservoir which seems to have the best reservoir 

properties compared to the lower sands. The DST resulted in a very low gas flow at the surface. As 

the rate could not be measured, it was estimated to be around 30,000scf/d using an empirical equation. 
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Static Gradient Surveys were conducted after shutting in the well for several days. The SGS surveys 

indicated that the bottom hole reservoir pressure never managed to reach the initial pressure measured 

by the Wireline Formation Tester tool, implying that the sand is very tight. The SGS surveys also 

indicated that there is a small influx of formation fluids from the perforated interval. It is believed that 

initially a pocket of gas flowed into the well and the well could not sustain the flow. Bottom-hole 

samples taken during the SGS surveys recovered water, believed to be formation water. 

Measurements carried out at surface indicated the salinity of the recovered water samples to be around 

3,000ppm Chlorides (equivalent salinity of 4,900ppmNaCl). Water saturation computed using this 

salinity resulted in high water saturation values, with an average gas saturation of about 25%. The 

well test also confirmed that there was minimal flow of gas at the surface, which could not be 

sustained or measured. The well also did not flow when it was opened up after the first build-up 

period, indicating that it was essentially dead. 

 

 

Conclusions 

 

Interpretation of well logs, well test and other available data indicate that the well AX-1 has a very 

small amount of trapped or residual gas. The tested reservoir is over-pressured and very tight that the 

well was not able to sustain any continuous flow. Bottom-hole samples acquired during the SGS 

surveys indicate that the salinity of the formation water is very low. There was a very small influx of 

fluids, most likely formation water into the well. Using the very low salinity of the recovered 

formation water, resulted in high water saturation with very small of gas in the formation. The sands 

below the tested reservoir are even tighter and most likely to bear fresh formation water also. It was 

agreed by all parties concerned, namely geoscientists, petrophysicist and reservoir engineers that these 

reservoirs may contain very small amount of gas but they predominantly contain fresh formation 

water. Similar case histories, presented in this paper, highlight the difficulties encountered in 

evaluating fresh formation water bearing tight reservoir rocks in the Malay Basin. 

 

 

 
Figure 1: Well logs from well AX-1 (perforated interval X171 – X185 mMDDF) 
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Figure 2: Mud log from well AX-1(gas shows present over the whole sand) 

 

 

 

 
Figure 3: Interpreted logs from well AX-1 (using formation water salinity of 5,000ppmNaCl) 
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Wireline Formation Tester Result: Well AX-1 

Depth 

mMDDF 

Depth 

mTVDSS 

Gauge 

Type 

Hydrostatic 

Pressure Before 

(psia) 

Formation 

Pressure 

(psia) 

Hydrostatic 

Pressure  

After (psia) 

Mobility 

(md/cp) 

Remarks 

x173.0 x137.14 Quartz 9979.30 - 9987.94 - Super 
charged 

x177.0 x141.17 Quartz 9999.80 9354.71 10000.40 0.3 Valid 

x183.6 x147.77 Quartz 10020.90 - 10021.10 - Super 
charged 

 

Table 1: Wireline Formation Tester result for well AX-1 

 

 

 
No. Depth 

(mMD) 

Recovery Lithology Oil Show 

(Tr, P, F, G) 

Visual Porosity 

(P. F. G) 

Detailed Description 

cm Cond. 

 

1 

 

x173 

 

4.2 

 

Good 

 

Silty Sand 

 

No Show 

 

P 

Clear, transparent to translucent, light grey, light brown, 

occasionally off white, loose quartz grain, hard consolidated 

core, very fine grain, graded to silty, sub angular to sub 

rounded, moderately sorted, poor visible porosity. No show. 

 

2 

 

x177 

 

4.7 

 

Good 

 

Silty Sand 

 

No Show 

 

P 

Clear, transparent to translucent, light grey, light brown, 

occasionally off white, loose quartz grain, hard consolidated 

core, very fine grain, graded to silty, sub angular to sub 

rounded, moderately sorted, poor visible porosity. No show 

 

3 

 

x179 

 

1.9 

 

Mod. 

 

Silty Sand 

 

No Show 

 

P 

Clear, transparent to translucent, light grey, light brown, 

occasionally off white, loose quartz grain, hard consolidated 

core, very fine grain, graded to silty, sub angular to sub 

rounded, moderately sorted, poor visible porosity. No show. 

 

Table 2: Rotary Side Wall Core description for well AX-1 

 

 

 
Duration Choke Pressure and Temperature Production Rate Fluid Properties 

Bottomhole Wellhead Gas Con

d. 

Water SG BSW H2S CO2 Hg 

hr:min /64” BHP BHT WHP WHT DSCP MMscf/d bbl/d bbl/d  % ppm % ppb 

  psia degF psig degF psig         

 Clean Up Flow Period on Multiple Choke Size 

22:00 16 1689 335 68 89 6 - - - 0.782 - 1 10 - 

 Main Flow Period on 12/64” Adjustable Choke 

12:00 12 1846 336 1908 157 812 0.032 - - 0.778 0 0 10 23.39 

 First Main Build Up Period 

48:00 S/I 5739 338 3173 338 - - - - - - - - - 

 Second Clean Up Flow Period on Multiple Choke Size 

12:00 12 1400 339 24 82 3 - - - 0.84 0 0 8 - 

 Second Main Build Up Period 

161:15 S/I 8612 341 6035 85 - - - - - - - - - 

 

Table 3: Summary of Well Test data for well AX-1 

 

 

 
Date and Time Activity 

27/8/2013 12:00hr Recovered water sample from BHS at x100 mMD. Salinity = 3,025 ppm,  

API = 9.9 @ 79degF (SG =1.0084). Mud engineer Chloride test result = 3,000 mg/L. 

27/8/2013 20:10hr Recovered water sample from BHS at x400 mMD. Salinity = 2,926 ppm. SG = 1.014 

Mud engineer Chloride test result = 4,500 mg/L 

 

Table 4: Summary of Bottom Hole Sampling results 


