
POROSITY- The Core plug Measurement 
Perspective: FESM June 2011 

Å The Core Analysis Report 

Å Coring & Preservation 

Å Sampling Interval & Sample Quality 

Å Cleaning & Drying 

Å Measurement  (On Good Samples ± 0.23 porosity %) 

Å Stress Issues 

Å Beware Old Data, Percussion SWC 

Å Clay Bound Water (Effective Porosity + CBW = Total Porosity) 

Å The Future (Time Permitting) 

 

Note: More emphasis will be placed on SE Asia Rock Types and those 

difficult lithologies that can cause errors in porosity measurement, i.e. clay 

rich friable or unconsolidated sandstones 

 



POROSITY 

The Core Analysis Report 

 



The Core Analysis REPORT 

ÅCore from the Minyak Tanah well was received in the lab In June 2011 

Å The Core was sampled at 0.3m intervals. 

Å 1.5ò Diameter Core Plugs were drilled with mineral oil. 

Å Plugs were extracted and dried to remove pore fluids. 

Å Pore volume and grain volume were measured on right cylinders using 

helium at ambient conditions and net reservoir stress. 

Å Porosity was calculated from the measured data. 

Å Porosity data is accurate to ± 0.23 porosity percent 

Å Thanks for the work, please pay your invoice in 30 days 

Slightly overpitchedé.But the Report may not tell the full story & the 

story starts before the lab receives the core 
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The Laboratory Measurement 
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Core Total Porosity ï Connected pore space (unless 

advised otherwise) 



POROSITY 

The Inside Story ï Coring and 

Preservation 



Coring 

The objective of coring is to recover representative 

samples. By representative we mean samples that 

have not been severely damaged or invaded. 

Å Mud solids may invade core, a serious issue in ódifficultô 

lithologies 

ïCoarse grained sands 

ïFriable unconsolidated sands 

ïVuggy and fractured carbonates 

Å Prevention (there is no complete cure) 

Å Sized mud solids, good mud properties, low overbalance 

Å Evaluation 

ïCore Inspection, CT scan, XRD 
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Log Analyst Sep-Oct 1989 
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Pause 

ÅMud solids decrease porosity 

ÅIs it quantifiable?  

ÅBarite forms a certain percentage of mud 

solids, do we ever correct porosity for 

invaded solids?  
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Lifting Core 

ÅAs we lift core to surface: 

ÅConfining stress is released & rock relaxes 

ïPorosity increases and Microfractures may occur 

(Horizontal stresses Í) 
Å This stress release initially leads to the formation of microfractures in 

the core with most of the microfractures oriented perpendicular to the 

direction of maximum in-situ stress (Holt, 1994). 

ÅPore pressure reduces 

ïGas expands & drives fluids from core 

ïCauses fluid escape features in friable/uncon core 

ÅSerious Core damage can result 

ïInspect the Core, CT Scan and later check plug 

quality. 
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Microfracture orientation 

Sh min 

SH max 

Time dependent 

anelastic strain 

relaxation 

Slowest 

Velocity 

Fastest 

Velocity 

Stress-release microcracks 



Microfractures 

(10%) 

(6%) 

More prevalent in tighter 

well cemented rock 

types. 

 

Little effect on porosity, 

far greater effect on 

permeability. 

 

This example, natural 

but likely microfractures 

opened up during core 

lifting. 



Unconsolidated Core - Examine the Core ï damage 

indicators: 
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Presence of an annulus is evidence that the rock fabric has not been disturbed.  

Lack of annulus indicates that damage has occurred during drilling and lifting to 

surface.  Lack of annulus may be accompanied by high angle slip planes which 

are indicative of failure in compression.  Whole mud invasion may accompany 

these óslumpô features. 

  

A reworked outer skin is common in these formations, sedimentary features are 

often rolled over or may be absent altogether.  In limestone a porcelainous skin 

sometimes forms on the surface of the core.  

  

The total absence of bedding planes should be treated with suspicion.  This 

may mean that the sand has been totally reworked.  These reworked sections 

are often totally invaded with drilling fluid. 

 

Pause: is Core Inspection a routine step in the work flow? It should be  

  



Core Quality ï CT Scans (light high Density, dark low density)  

The Classic photo of 

unconsolidated core 

damage 

 
Radial gas fluid 

escape fractures 

 

Circumferential 

fractures, sticking or 

mud cake restricting 

outflow 

 



It wonôt happen to me; 2010 Indonesia 

Friable to unconsolidated Clay Rich Sandstone 

Has porosity increased because of damage? 

Has porosity decreased because of mud solids invasion? 
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CT filtrate CT dilation and mud invasion CT solids + fracture 



Coring ï mud solids invasion 

  CALCULATED WHOLE ROCK COMPOSITION 
Plug                 Total 

No. Quartz 

K-

Feldspar 

Plagioclas

e Calcite Dolomite Siderite Pyrite Barite Clay 

                    

1 74.0 0.5 0.6 0.1 0.1 1.2 2.9 0.0 20.5 

2 91.6 0.2 0.0 0.1 0.0 0.1 3.7 1.2 3.1 

3 82.8 0.4 0.4 0.0 0.1 0.2 2.9 0.0 13.1 

7 94.3 0.2 0.0 0.1 0.0 0.2 1.9 0.7 2.7 

9 92.4 0.0 0.0 0.2 0.0 0.1 2.5 1.4 3.5 

11 96.0 0.2 0.0 0.0 0.0 0.0 0.6 0.7 2.5 

13 93.3 0.3 0.0 0.1 0.1 0.1 1.3 1.3 3.6 

21 92.1 0.0 0.0 0.0 0.0 0.0 2.3 0.4 5.2 

31 92.9 0.1 0.1 0.0 0.0 0.1 0.7 0.4 5.5 

36 94.2 0.0 0.1 0.0 0.0 0.0 0.6 0.7 4.4 

37 93.5 0.0 0.0 0.0 0.0 0.2 0.6 0.3 5.4 

38 96.3 0.0 0.0 0.0 0.0 0.1 0.6 0.0 3.0 

44 93.3 0.2 0.1 0.1 0.1 0.1 1.5 1.5 3.1 

57 93.7 0.0 0.0 0.1 0.0 0.1 0.9 1.4 3.9 

59 94.1 0.2 0.0 0.1 0.0 0.1 0.6 1.5 3.4 

62 93.6 0.3 0.2 0.2 0.0 0.1 0.5 1.9 3.4 

63 95.0 0.0 0.0 0.0 0.1 0.0 0.5 1.3 3.1 

64 72.7 0.4 0.3 0.0 0.0 3.8 2.1 0.8 19.9 

69 60.3 0.0 0.8 0.2 0.0 5.8 0.8 0.0 32.1 

71 66.7 0.8 0.8 0.0 0.0 4.1 1.3 1.0 25.3 
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Unconsolidated Sand 

EFFECT of DAMAGED CORE on f 

Effect of GRAIN REARRANGEMENT on POROSITY 

0.278 

0.290 

0.327 

0.234 

0.296 

0.327 

0.268 

0.293 

0.301 

0.245 

0.294 

0.340 

0.22 

0.24 

0.26 

0.28 

0.30 

0.32 

0.34 

0.36 

0.38 

0.40 
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Unconsolidated Samples 
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 Undisturbed Sample 

Disturbed Sample 

by Mixing Grains 

-4% +1% -8% +5% -1% +4% 

Percent change in POROSITY: 

After Mattax, McKinley, & Clothier, JPT, Dec 1975 
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Friable Unconsolidated ï Core Preservation 

ÅFreezing (unconsolidated) 
Åñquick-freezeò minimizes ice crystal growth, freezes oil  

ÅIdeal for low to moderate Sw, unconsolidated core 

ÅHigh Sw could result in damage   

ÅMay microfracture shale & invalidate rock mechanics tests  

ÅDry ice logistics 

ÅResin or foam (friable) 

ÅMechanical protection 

ÅShock adsorbent resin/foam injected into annular space 

ÅMay invade very coarse grained sands  

Our bottom line experience is that we have never been 
able to obtain what we feel is a credible core analysis on 
anything but dry-ice preserved core. Rosen et al 2007 



Summary ï Coring & Preservation 

Summary 

1. In Friable to Unconsolidated Sands porosity can be altered 

significantly, (accurate to 0.25% but rearrangement  1-8%) 

2. Mud Solids can invade (decrease porosity) 

3. Lifting core may cause microfractures (increase porosity) 

4. Lifting core will cause rock to relax (any lithology) increase porosity) 

5. Lifting friable unconsolidated core too quickly may cause 

catastrophic failure (significant changes in porosity) 

Action 

1. Be aware of potential problems examine the core, CT Scan, XRD 

2. Stressed measurement  maybe 2nd cycle porosity data also 

(discussed further) 

3. Use porosity data at stress (discussed further) 

4. CT scan plugs & loading (discussed further) 

 

 



POROSITY 

Sampling Interval & Sample Quality 
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Sampling: 
Plug or Full Diameter? 

ÅObjective: Representative Sample Set for Core to Log 

Correlation 

Å Core plugs are preferred from a time-cost perspective but only if the 

range of grain sizes and/or macro features can be represented. (rule 

of thumb 10 grains across diameter of sample, is representative) 

Å Default is 1 Routine Core Analysis plug per foot or every 0.3m. 

Å Plugs drilled from core, full diameter sections are cut out. 

Å Full diameter samples are needed to adequately represent: 

ïVuggy textures, Fractured reservoirs 

ïNon-uniform carbonate fabrics (other than vuggy) 

ïConglomerates, Brecciated zones 
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ÅCore plugs cut 

on or close to 

each foot mark 

ÅAvoid two 

lithologies in 

same plug 

ÅSampling of 

non-reservoir 

(e.g. shale) 

maybe.  

ÅPlugging often 

occurs after 

slabbing 

Å3ò-8ò FD sample 

fashioned from 

each foot, 

capturing average 

features 

ÅSlabbing must 

follow completion 

of all FD analyses 

Core Sampling - Plug and Full Diameter 
(regular sampling for statistically valid data set) 

F
e
e
t 

FD 

FD 

FD 

FD 

FD 

FD 

FD 
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Here plug data provide reasonable 

overall match to Full Diameter data. 

Greater variability in plug data. 

May get significantly lower poroperm in 

vuggy/fractured heterogeneous rock 

types with plugs. 

Porosity log calibration better with FD. 

(less scale issues) 
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Sampling Strategy 

Å Is 1 plug per foot reasonable? 

ÅCoefficient of Variation, describes variation in a data 

set, Cv 

ÅCan also be used to calculate appropriate number of 

samples Io, to describe lithology 

 

Statistics for Petroleum Engineer and Geoscientist, Jensen & Lake 

 

ÅDo we look at core & rock type variation to assess 

heterogeneity before deciding on sample frequency? 
(In reality far more important for permeability) 
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1 plug per 0.3 môs?? 
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Coefficient of 

Variation 

Vs Facies 
 

Homogeneous 

 0 to 0.5 

 

Heterogeneous 

0.5 to 1 

 

V. Heterogeneous 

1+ 



Unconsolidated Friable Sands 

ÅIn Asia-Pacific friable or unconsolidated formations with appreciable 

clay content are common. BEWARE  

ÅThe REPORT will say: 1.5ò Diameter Core Plugs were drilled with liquid 

nitrogen wrapped in Teflon tape and placed in Nickel sleeves w/end screens. 

Plugs were seated at 800 psi hydrostatic stress to conform sleeve to plug. 

Å Note: Metal sleeves can hide all manner of sins; out of sight out of mind 

Å Mud invasion 

Å Reworking 

Å Fracture features 

Å EVALUATE: Inspect the samples and CT Scan, also inspect core where 

plugs were taken. Usually plugs are drilled before slabbing in these rock 

types. 
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Sample Quality? 

Objective: Quality Sample Set for Core to Log Correlation 

Å Horizontal (parallel to main bedding) plugs drilled with non 

damaging fluid.  

Å Plugs trimmed to right angled cylinders (conformance issues). 

Friable Unconsolidated sample technique 

Good 

Data 

 

 

Awful 

Data 
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API RP-40: Direct Pore Volume 
Importance of Sample Quality 

 

! 
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Plug Photography: Sample Quality & Data interpretation  

Sample: 

kinf, md: 

Porosity: 

Sample: 

kinf, md: 

Porosity: 

4908H 

58.1 

0.085 

4900H 

3.09 

0.126 

4890H 

1.49 

0.147 

4863H 

0.384 

0.152 

4851H 

0.041 

0.162 

1.5ò 

1.5ò 

4887H 

1.83 

0.150 



Sampling & Sample Quality - Reflection 

Å Objective of sampling is to obtain representative sample set. 

Å Do current sampling strategies reflect heterogeneities & does it 

make a difference? i.e. how does uncertainty decrease as 

sample numbers increase. 

Å A more scientific approach could be found 

Å Check plug quality ï photos, CT Scan 

29 



POROSITY 

Cleaning and Drying 
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Core Cleaning & Drying 
 

ÅThis phase of core analysis has few if any associated 

measurements, though it affects all primary measured 

properties (f, k, rg). It is often the most time-consuming 

step. (can take hours to weeks) 

ÅLeaving amounts of oil, water, or salt in the pore space 

yields 

ïporosities too low, grain densities too low 

Å Use cleaning & drying methods that do not alter pore 

geometry.  

ÅSE Asia Rock Types we need LOW TEMPERATURE ï 

LOW ENERGY processes to help preserve delicate clay 

fabrics and sometimes to preserve Clay-Bound Water 
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Core Cleaning & Drying 
PORE GEOMETRY CONCERNS 

Mineralogy may dictate special methods, solvents, or 

conditions.  For example: 

ïGYPSUM: Low temperature solvents & method required 

else true crystalline water removed 

ïSULFUR: melting point 112-119 C 

ïNative SALT: removing precipitated salts may also attack 

rock structure 

ïSMECTITE: high content combined with low permeability 

may cause fracturing at high temperature 

ïILLITE: passage of high energy interfaces may disrupt 

structure (for certain fibrous morphologies) 

ïCARBONATES: H2O + Chloroform ­ HCl;   therefore, 

remove pore water 1st if chloroform to be used 
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Core Cleaning 
SOLVENTS 

SOLVENT Boiling Point ÁC 
(approx) 

SOLUBILITY 

Acetone** 56.5 ( 134°F) Oil, water, salt 

Chloroform* 61.2 ( 142ÁF) Oil 

Chloroform/Methanol azeotrope1* 53.5 ( 128ÁF) Oil, water, salt 

Cyclohexane** 81.4 ( 179ÁF) Oil 

Hexane ~59.2 ( 139ÁF) Oil 

Methanol* 64.7 ( 148ÁF) Water, salt, some oil 

Methylene Chloride** 40.1 ( 104ÁF) Oil, limited water 

Naphtha 160 ( 320ÁF) Oil 

Tetrachloroethylene 121 ( 250ÁF) Oil 

Tetrahydrofuran** 65 ( 149ÁF) Oil, water, salt 

Toluene* 110.6 ( 231ÁF) Oil 

Trichloroethylene 87 ( 189ÁF) Oil, limited water 

Xylene** ~141 ( 286ÁF) Oil 
*commonly used    1: (Chloroform/Methanol 78.7/21.3 vol); 

**occasionally used; others less commonly used 
After API RP 40 



Soxhlet     Dean Stark 
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Condenser 

Calibrated 

receiver 

Boiling flask 

Core sample in 

extraction thimble 

Solvent 

Desiccant 

Solvent 

Vapor 

Return 

Liquid 

Solvent 

Distilled 

Solvent 

Solvent 

Vapor 

siphon point 

Refluxing Solvent Low Energy, Temp 

depends on b.pt of solvent 

Distillation, Extraction Low Energy 

High T > 100C; Sw measurement 
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Methanol 

Toluene 

Toluene 

Methanol 

Methanol 

Objective: 

ÅRemove resident pore fluids (hydrocarbons, filtrate, 

formation brine) Low-energy process.  

ÅMost effective method to contact and clean all of pore 

space 

ÅCan be very rapid given limited number of permeable 

samples and soluble contaminants 

ÅLow IFT technique non-damaging to fibrous illite 

ÅEquipment & labor intensive 

 

 

Procedure: 

ÅSolvents injected at low rate, low Dp, low net stress 

ÅñSoakò periods alternate with ñFlowò periods 

ÅContinued until samples are clean: 

ÅCrude oil properties may dictate selection of other 

solvents and application of elevated temperature 

Core Cleaning Methods  
FLOW-THROUGH SOLVENT (miscible) 
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Core Cleaning & Drying 
DRYING METHODS 

Å Convection (Standard) Oven: 60ÁC to 115ÁC  

ï All Dean Stark samples have been exposed to high temperature during 
extraction. No reason to humidity dry. 

Å Vacuum Oven: low or up to 115ÁC 

ïCan be effective at lower temperature if required 

ï Can be more rapid than convection oven, may collapse clays 

Å Humidity-Controlled Oven: 60ÁC (140ÁF), 40% RH (variable) 

ï Objective often to retain or return Clay-Bound Water associated with clay 
mineralogy (Bush & Jenkins, JPT, July 1970) 

ïObjective seldom completely achieved 

 

Do we want to Oven Dry or Humidity Dry: If clays dehydrate/split (loss of 
Smectite interlayer water) then humidity dry. Re-measure porosity humidity 
dry & oven dry at end of analysis. OR Miscible Clean (SCAL) and measure 
poroperm at completion of analyses. 

 

Smectite splitting ï ramp drying 80C, 95C & 105C has worked. 
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Clay Minerals 
 

Clay mineral composition can have direct or 

contributing effects on Bulk Density, Neutron 

and Resistivity Logs: 

Chemical Formula 

K1-1.5Al4[Si7-6.5Al1-1.5O20] (OH)4 

(½Ca,Na)0.7(Al,Mg,Fe)4 

 [(Si,Al)8O20] (OH)4Ån H2O 

Al4 [SiO10] (OH)8 

(Mg,Al,Fe)12[(SiAl)8O20] (OH)16 

Clay 

KAOLINITE 

CHLORITE 

SMECTITE 

ILLITE 

Hydrogen 

Index 

0.36 

0.34 

0.13 

0.12 

Cation 

Exchange 

Capacity*, 

meq/100 g 

5.5 

< 5 

115 

25 

*average 

Grain 

Density 

g/cm3 

2.60+ 

2.60-3.30 

2.20-2.68+ 

2.64-2.78 



Total Porosity or Effective Porosity 

ÅHumidity Drying retains some Clay Bound Water 

ÅHumidity Dried porosity < oven dried porosity 

Å In 95% of our core studies we are oven drying 

ÅWe humidity dry not to define CBW but to stop 

samples losing interlayer water and failing. 

Å If you must humidity dry measure oven dried 

porosity at completion of analyses 

 

What the experts say 
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ñA third view maintains that clays dehydrated during cleaning 

take weeks to months to rehydrate, making a few days in a 

humidity oven inconsequential.  Experience in ARCO has 

found that the water from humidity-oven drying does in fact 

enter small pores as a free-water phase and does not become 

associated with any particular mineral.  Consequently, 

humidity-oven drying can decrease porosity up to 2 units.  

ARCO scientists prefer vacuum-oven drying (150 F to 180 F), 

and when hydratable minerals are present, they will use 

laboratory tests to determine a correction for lost water.ò 

J. J. Rathmell et.al. 

ARCO EPT 

ñMeasuring Porosity, Saturation and Permeability from 

Cores:  An Appreciation of the Difficultiesò 

The Technical Review 

Volume 36 No. 4 

Oct 1988 



  

Relative 

Humidity 

  

Water 

Layers 

    

0.10 1.03 

0.20 1.22 

0.30 1.39 

0.40 1.56 

0.50 1.75 

0.60 2.00 

0.70 2.33 

0.80 2.78 

0.90 3.54 

1.00 6.06 

Thermogravimetric Analysis & Water layers vs Humidity 

We could do more science TGA w/ ESEM (research project) to 

look at clay bound water   
Diagrams below from Surface Science literature  



Cleaning & Drying - summary 

Å Dean Stark Sw measurement  removes clay bound water 

Å In SE Asia we want low energy Soxhlet extraction or miscible 

cleaning to preserve morphology. BUT likely CBW is removed. 

Smectite rich samples may fail, methanol may dehydrate. 

(Miscible Solvent cleaning is best) 

Å Humidity drying reverses or semi reverses process of interlayer 

water loss 

Å CBW Humidity Drying not equal to Reservoir CBW 

Å Oven drying gives Total Porosity 

Å Smectite causes most problems because of variable and easily 

removed interlayer CBW.  

Å We could be more scientific  TGA, ESEM and learn from 

available knowledge base in surface science. 

42 
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Porosity Oven Dry & Humidity Dry 

Total Porosity, Neutron log 

Total Porosity, Density log 

Absolute or Total Porosity 

Humidity-dried Core Porosity 

Capillary- 

retained 

water 

Quartz 
Clay 

layers 
Small 
pores Large pores 

Isolated 
pores 

Clay surfaces 

& interlayers 

V shale 

Oven-dried Core Porosity Matrix 

Hydrocarbon 

pore volume 
Structural 

ñwaterò, OH- 

Hydration or 

ñboundò water 

Irreducible or 

immobile water 

after Eslinger & Pevear, 1988 

Negligible in 

most clastics and 

many carbonates Volume dependent 

on Qv of rock and  

salinity of pore water 

Relative volumes of 

capillary-retained water 

and hydrocarbon varies 

as a function of height 

above free water level 

fCBW 

ÅLog feffective definitions vary from 

ftotal - fcbw   to  ftotal - Vshale 

ÅVshale definitions vary 



POROSITY 

Measurement 
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Porosity Fundamentals 

ÅVb, Bulk Volume 

ÅVg, Grain Volume 

ÅVp, Pore Volume 

¶f, Porosity 

 

Vb = Vg + Vp 

 

f = Vp/Vb 

Vp 

Vg 

Vb 


