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1. Introduction 

• The “end of field” HC volumes from too many 
MCP’s are found to be outside the initial 
uncertainty range and most of these are below 
the initial low case. 

 

 

 

• We need to identify areas of greatest uncertainty 
and reduce this uncertainty first. 
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2. Log and Core Data Uncertainty 
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2a. Core Porosity and Permeability 
 Prediction  Uncertainty 

Uncertainty in Permeability is 

+/- scale *2 

PHIT_RHOB=(RHOMA-RHOB)/(RHOMA-1) 

 

Uncertainty in Core Density Porosity is 

+/- 3.5% 

Equivalent to Density measurement Uncertainty 

+/- 0.005g/cc 
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2b. Log Density Porosity Uncertainty 

Density Log +/- 0.01g/cc uncertainty 

equivalent to +/- 5.5% Log Density Porosity uncertainty 

Density Log +/- 0.01g/cc 

uncertainty 



3. Uncertainty due to “Up-Scaling” 
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3a. Core to Log Scale 

Core scale 3cm sampling compared to log scale 0.5ft(15.25cm) sampling. 
5x up-scaling. 

Porosity Unc = +/-7% (1.7pu @ 25pu)   LogPerm Unc = +/-Log2(or scale*2) 
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3a. Core to Log Scale 

Sensitivity Analysis of the Parameters in Archie’s water saturation Equation – 

H.C.CHEN and J.H.FANG University of Alabama – The Log Analyst Sep-Oct 1986 

UncØ = 7%*Ø 
VarØ = (UncØ*2/Ø)^2 
P10 = -0.8225*VarØ 
P90 = +0.8225*VarØ 

Existing 7% uncertainty 



3a. Core to Log Scale 

Density 0.03g/cc uncertainty incorporating core-log resolution uncertainty 

i.e. 1.7pu porosity uncertainty 

Essentially no difference to existing 7% uncertainty 

Density 0.03g/cc uncertainty 



3b. Log to 3D Static Model Scale 

Log scale 0.5ft (15.24cm) sampling compared to model scale 1m sampling.  
6x up-scaling 

Porosity Unc = +/-7% (1.7pu @ 25pu)   LogPerm Unc = +/-Log2(or scale*2) 
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4. Uncertainty due to “Averaging” 
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4. Uncertainty due to “Averaging” 

Consider the state of a drunk, wandering around on a busy highway. His average 
position is the centerline, so........ 

 

 

The Flaw of Averages, Sam Savage - Consulting Professor at Stanford University 



4a. Formation Averages 

VSH Average Porosity Average 

Log VSH 
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Vsh = 2.5-30% 
Vsh Unc = 100% 

Vsh Ave = 15% 
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Log Porosity 

Phit = 10-25pu 
Phit Unc = 40% 

Phit Ave = 18pu 



4b. Formation Averages 
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4a. Formation Averages 

    GR/CALI/SP     Depth             Rt/Rxo                        RHOB/NPHI/DTC/DTS/PEF                      SSS                  PHIT/PHIAVE           SWT/SWAVE    PERM/PERMAVE 
                                PHI10/PHI90            SW10/SW90   PERM10/PERM90 

Average PHIT 

Average SWT 

Average PERM 

High/Low PHIT 

High/Low SWT 

High/Low PERM 



4b. Facies (Reservoir Quality) Averages 
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5 Reservoir Quality Facies 
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4b. Facies (Reservoir Quality) Averages 

Average Facies VSH Average Facies Porosity 

Average with Facies still cannot predict the min and max values 
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10% Uncertainty 



4b. Facies (Reservoir Quality) Averages 

Average with Facies still cannot predict the min and max values 
This is critical for perm prediction in dynamic models! 

Average Facies SWT Average Facies Perm 
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4c. Match to Well Test 
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           PHI10/PHI90       SW10/SW90   PERM10/PERM90 

Log KH 
=6,300mDm 

Core KH 
=564mDm 

Ave KH 
=5,200mDm 

Ave Facies KH 
=8,500mDm 

Well Test KH 
=???mDm 



4c. Match to Well Test 
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4c. Match to Well Test 

     GR/CALI/SP     Depth            Rt/Rxo                       RHOB/NPHI/DTC/DTS/PEF                      SSS                     PHIT/PHIAVE     PERM/PERMAVE           KH 

Log KH 
=1,480mDm 

Core KH 
=296mDm 

Ave KH 
=1,490mDm 

Well Test KH 
=???mDm Log KH 

=14,000mDm 

Core KH 
=1,320mDm 

Ave KH 
=12,300mDm 
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4c. Match to Well Test 

     GR/CALI/SP     Depth            Rt/Rxo                       RHOB/NPHI/DTC/DTS/PEF                      SSS                     PHIT/PHIAVE     PERM/PERMAVE           KH 

Perm from 
Phit Ave 

Log KH 
=1,480mDm 

Core KH 
=296mDm 

Ave KH(Phit) 
=160mDm 

Well Test KH 
=???mDm Log KH 

=14,000mDm 

Core KH 
=1,320mDm 

Ave KH(Phit) 
=1,455mDm 

Well Test KH 
=???mDm 



5. Efforts Capture Uncertainty 

1. Introduction 
2. Core and Log Data Uncertainty 

a) Core Porosity and Permeability Prediction Uncertainty 
b) Log Density Porosity Uncertainty 

3. Uncertainty due to “Up-scaling” 
a) Core to Log Scale 
b) Log to 3D Static Model Scale 

4. Uncertainty due to Averaging 
a) Formation Averages – VSH, PHIT, PERM and SWT 
b) Facies (Reservoir Quality) Averages 
c) Match to Well Test? 

5. Efforts to Capture Uncertainty 
a) Permeability Cloud Transform – Match to Well Test 

6. Conclusions 
 
 

 



5. Permeability Cloud Transform 

We must x-plot x-axis measured property 
against y-axis predicted property 

“I don’t care how accurate, just as long as the 
average and the range is the same” 

How certain can we be that the 
core or log data has sampled all 

the reservoir quality? 
Ans: Blind testing! 

Modeling of Scale-Dependent Permeability Using Single-Well Micro-Models: 
Application to Hamaca Field, Venezuela – Mike Waite SPE 86976 

Phi ave = 32.5% 

Kave= 
10D 

100D 
 
1D 

We cannot predict outside the sampled range! 



6. Conclusions 
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6. Conclusions 

1. Density Porosity equation uncertainty is +/- 3.5% and Density Log Porosity 

uncertainty is +/- 0.01g/cc or +/- 5.5%. 

 

2. Porosity Uncertainty due to Core to Log and Log to Model (1m) up-scaling is  +/- 7% 

for Porosity and +/- 2times for Permeability. 

 

3. The high and low case uncertainties must be justified with a property prediction 

probability of P10/P90, not just arbitrarily assigning a P10/P90. 

 

4. Uncertainty SHOULD reflect the full range of possible outcomes but also reflect the 

probability of a precise value. Uncertainty is NOT an estimate of the uncertainty in the 

average value – Re drunk on highway scenario. 

 

5. The use of averages to “smooth out” the non-linearity of the Petrophysical 

relationships, inhibits accurately predicting the precise value. 

 

6. Petrophysical continuous porosity curve uncertainty (5.5%) is less than the up-scaling 

uncertainty of 7% and in turn is less than the uncertainty of using averages (>20%) 

even when using reservoir quality facies and net reservoir. 

 

7. Permeability model prediction determined from average porosity, regularly requires a 

scale factor of typically 10 times to match the true productivity (well test/dynamic 

model). 

Low Uncertainty 

High Uncertainty 
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