Predicting heavy oil viscosity from well logs — testing the idea
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Viscosity is a critical parameter in selecting the best recovery
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Suppose we are trying to predict Vp using three attributes: A, B, and C, as shown in Figure 2.

, , , e Equation 5: Viscosity prediction equation (trained using wells 1 to 5)
We can write the equation for linear prediction as:

; _ 1 1 1
n = 2331.90 + 8751259.00(Svelocity) + 49.33(ResDeep) — 72.02(ResMedium) + 566728.13 (ResShallow) — 27838.40 (NPHI) + 16271.04 (m)

5000

Vo(z) = wy + w14 (2) + w,B (2) + w;3C(2) (1)
: .. : : : : N N R R N E (Log scale from 5,000 cP to 50,000 cP) > Way South*
Where the w termS dare the regFESSIOH CO@ffICI@ﬂtS. ThIS can be ertten N matrlx form Where eaCh row represents d ) ;cou \1m1;2u¢gc ml (o | mmlmcegc (n) | mmlm | (m) _Im '-’:scositv!ZUceqC | " ;m ‘u&scustinmdegc o e iy I.:;’;:"'“"‘-W“?W‘% i~ B | s S ™ ot N ke e I&""“‘«-"“““?“"‘“ﬁ’ﬁ
single depth sample: ST ST = T O B e B O T e e P ) e ] e P

P s000
= R — 310 _ - _\1\ - | E wd H+HH

1‘0131 ]. A‘l E]. Cl .V';-'Tﬂ - ,_‘[,_‘_4—" : | ‘ﬁ . - ‘ ] : | i :j
Ve, | |1 A, B, G, |w; 1 | ' § | | | 1
= - - ) (2) Or more compactly as: Vp = MW (3) b ' - | | | - | (Il
: E : > | W A — | | _i}_ i 1
T . | T 350 bbb Bl | | ™ } 4 | ]
_RIPN_ _]-. AN BN Cﬁ__“rg_ ;:‘ ' Lt . 1 ; 1 ‘
The regression coefficients can be solved for using least-squares: W=[MM"'MV, (4) MP-L T LIMAIR (\x - %
' - - [{{[]]l . _ 1 [T
' * * - G S Ofee g T | 'Lj | | T | Well 6 Well 7 Well 8 Well 9 Well10  Well1l  Well12  Well13
Depth (m) Target Log_ , Attribute 1 , Attrlb.Ute 2 £ Attnbme 3 VARG tiertraining gt Redﬂl'aaﬁffEﬁi&?ﬁ'ﬁiEzstiggﬂ'agst"iueu Well 1 - Well2  well3  Well4 Well 5 AvgError:  AvgError:  AvgError: AvgError:  AvgError:  AvgError:  AvgError:  AvgError:
%80 w 4 Average Error (fréﬁiiﬁnfi | . Avg RMSE 1830cP  Avg RNENS P Avg melgg cP Avg RM].QO cP  Avg RMSE 1716 cP 2011 cP 4584 cP 1060 cP 8390 cP 5162 cP 384 cP 2901 cP 55697 cP
& f.\ O . g = L : ? ' f
950 : / 4 00225 TP FIG. 8. Cross-validation results for the 5 training wells. The FIG. 9. Blind viscosity prediction results of the remaining wells using Equation 5.
1000 — W1 W2 | oot black lines are the measured viscosities and the red curves are The black lines are the measured viscosities and the red curves are the
— o o 1 the predicted viscosities. The blue lines outline the training predicted viscosities. The yellow areas highlight the reservoir intervals.
g R | intervals.
1020 '. , '. . ; .‘
seismic attribute 1 2 3 4 5 6 7 8 Resistivity - stist'ivity
- ’ - training data set Number of Attributes "‘“
s ‘e O testivalidation data set Pt 435| - -, - Viscosity was predicted within 25% error in 4 out of the 7
FIG. 2. The basic multi-attribute regression problem showing the  FIG. 3. lllustration of how FIG. 4. Prediction error plot as a a0 Lol (VVOFST blind test wells
target log and in this example, the 3 attributes to be used to data can be “over-trained.”  function of number of attributes - - The shear sonic log was found to be the most important
predict the target. used. All well error is in black and u viscosity predictor
. . . . 450 - _ . . .
validation error is in red. = oS - Observations suggest that the prediction is most successful
What are the best attributes to use? The attributes that minimize the prediction error between the true target log B s when there is separation between the resistivity curves.
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