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Introduction — Heavy Oil
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Why do we Care About Viscosity?

*"Viscosity is the key controlling heavy-oil
production and, as we shall see, it also has a

strong influence on seismic properties.” (Han
& Liu & Batzle, 2008)

*It is used as a main criterion in determining the
optimum recovery method.




Shear Properties of Heavy Oil
(Lab Measurements)

» Because of its

S2 shear waveform h|gh ViSCOSity
- heavy oil has a

non-negligible
shear modulus

* Figure shows
sharp shear
arrival in a very
heavy oll
sample (API -5)

Batzle & Hofmann & Han (2006)



Lab Measurements of Heavy Oil - Rock

* Core plug sample ° Gassmann
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Kato & Onozuka & Nakayama (2008)



Shear Modulus and Attenuation Lab
Measurements

* Dynamic
behavior of
shear modulus
and attenuation
with
temperature.
(Measured at
12.6 Hz)

i Temperature (°C)

Behura et al. (2007)



Estimating Viscosity from Crosswell
Seismic Data

* Attenuation tomography used to extract Q, then
related Q to viscosity using Biot Squirt Theory
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Goal of this Study

13 wells acquired from the Athabasca region of
northern Alberta

*Each well had viscosity measurements, and
dipole sonic logs

*Can we train a relationship between viscosity
and the well log data in only some of the wells,
~and then successfully predict the viscosity in the
" remaining wells?
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Theory of Multi-Attribute Analysis
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Multi-Attri

oute Analysis

-At each time sample, t

ne target log is modeled as

a linear combination of several attributes.

- "Attribute” and “Well log curve” mean the same

thing

Time ( ma

Target Log Attribute 1 Attribute 2 Attribute 3

Hampson-Russell Emerge™ Course Notes
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Example: Predicting P-wave velocity with
3 Attributes

Vp(z) =w, +w D(z) +w,G(z) + w,R(z)

where: Vp(z) = P-wave velocity (m/s)
D(z) = Bulk density (kg/m3)
G(z) = Gamma ray (APl units)
R(z) = Resistivity (Ohm*m)

Or in matrix form:

/ i The regression
~Ormore

7 _ coefficients can be

least-squares:
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What are the best Attributes to use?

Goalisto

Step-wise regression:
1. Find the sinale best attribute
2. FiInd the best pair of attributes

3. Find the best triplet of attributes

=" /. Carry on as long as desired
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When do we Stop Adding Attributes?
(why would we want to stop?)

* Adding attributes is similar
to fitting a curve through a Overfitting the training data
set of points, using a
polynomial of increasing
order

* A higher order polynomial
can the data

seismic attribute
B training data set

*Emerge™ uses Cross

/ Validation to determine
“\when to stop adding
‘attributes

O test/validation data set

Hampson-Russell Emerge™ Course Notes
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Cross Validation

. vell, and
solve the regression
coefficients using only

the remaining wells
. U S e '!:h eS e C O eff i C i e n tS to Average Error (fraction) ppfgl; Es;:ly:airz: - amng;lgl!itﬁT”;EliﬂurE”
predict the target —
attribute in the test well lVa"datwn Ermr
. The prediction error is S
the validation error for S+ All WellError
that test well —

. Repeat for each training

 well, and compute the gt
= average validation error S EAREELILEL

Hampson-Russell Emerge™ Course Notes
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Data and Results
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Summary of the 13 Study Wells

Well 13 approx
82 km south [

Each well has:

* Lab Viscosity Measurements
from AccuMap®

* Dipole sonic logs

* Full suite of standard well
0g curves

- Viscosity ranges from
(measured
at 20°QC)

* Well 13 not included in the
analysis until the very end
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Type Well for the Study Area (Well 2)
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Image generated using Matlab® 2014a




Initial Training Results

were used to train the multi-attribute relation
- Viscosity is then blindly predicted in the remaining wells

Most important attributes:
1. (1/S-wave)

— —=———  »

2. (1/SP)
. (1 / Gamma Ray) 55
_ (1/Res Shallow) 5
. (Res Deep)2 '{2 Validation Err_cir]
. (Res Medium)22 g O -
. (1 / Neutron Porosity) o . AllWell Error

. (L /'P-wave)




Modified Training Results (No SP)

* Validation error curve iIs much smoother

* Optimum fit between viscosity and our 5 training wells
Is found using

Most important attributes: [
1. (1/S-wave)
2. Res Deep o
_ - \_Validation Error
3. Res Medium o —
4. (1/Res Shallow) o
A (C
5. (1/ Neutron Porosity) ‘q;, |
! Bl -
6. (1/ Photoelectric) ] *~ AllWell Error
7 (L/ Density Porosity) s e

uber of ttrbutes




Cross Validation Results for the 5
Training Wells

H
D
E
k
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el 1 Well 2 Well 3 Well 4 Well 5
& Avg RMSE Avg RMSE Avg RMSE Avg RMSE  Avg RMSE
1830 cP 1205 cP 2199 cP 2190 cP 1716 cP 23




Blind Viscosity Predictions of the
Remaining Wells

82 km South

Well 13
L) Avg
" Crror: Error:
2011 cP 55697 cP
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Which Wells Did Good? Which Wells did not?

*Using a cutoff error of 25% of the total
viscosity range (2922 cP)

Well 6 Well 7 WETTRSS Well 9 Well 10 Well 11  Well 12 Well 13
Avg Avg Avg Avg Avg Avg Avg Avg
Error: Error: Error: Error: Error: Error: Error: Error:
2011 cP 4584 cP 1060cP 8390cP 5162cP 384cP 2901 cP 55697 cP

v v v
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Why Would Some Wells Predict Viscosity
Better than Others?

Resistivity Resistivity

|7 Deep [
ol —— Medium |....
~|— Shallow [~

“1—Shallow |

Well 11 Well 9
Best Worst
Viscosity = Viscosity
Predictor ml Predictor

0 I 2 325 0 I 2
10 10 10 10
Resistivity (OHM*M) Resistivity (OHM*M
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Conclusions

* Predicting viscosity using multi-attribute regression of well logs
was done successfully,

* It is important to use the entire range of desired viscosities when
training the regression

* The shear sonic log was found to be the most important viscosity
predictor

* The next most important attributes were: the 3 resistivity logs,
neutron porosity, photoelectric factor, and density porosity

» Observations suggest that viscosity can be predicted most
.~ accurately in a well where the reservoir has separation between
| lesistivitv curves (ie. is porous and permeable)

27



Future Work

* Nexen — CNOOC has provided viscosity data for with

* Goal: define an to predict a wide range of
viscosities using only standard well log curves

* If time: develop a Matlab code to do this analysis, but test more
of the attributes
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Viscosity Regression Equation

n = 2331.90 + 8751259.00 ( :
swave

) + 49.33(ResDeep) — 72.02(ResMedium)

+566728.13 ( ) — 2788.40 (—) +16271.04 (—)
NPHL PEF

ResShallow

1
155146 (—)
DPHI
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Viscosity Measurement

. is typically used for heavy oil

* The resistance to the rotation of the cone produces a
torque that is proportional to the shear stress in the fluid

JE ShearStress
G OYNE-CM. M Viscosiny =22

ShearRate

McKennell (1956)
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Viscosity Concept

y d”ﬂension ¢ If d flUld |S plaCEd
boundary plate between two plates
(2D, moving) | velocity, u with distance 1 m, and
shear stress, r// O_ne plate IS.pUShEd
> sideways with a shear

r"

48 stress of 1 Pa, and it
moves at "u” m/s, then
it has viscosity of
“u”Pa-s

flurd aradient,
/ = (J\

boundary plate (2D, stationary)

Image Credit: Wikipedia
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Uncertainty of the Viscosity Measurement

*Miller et al (2006): Should you Trust your
Heavy Qil Viscosity Measurement?

Viscosity Measurement Blind Test Results
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Velocity Dispersion

* Velocities tend to
Increase with
m Sonic measurement frequency

B Seismic 2002

 Laboratory
measurements give
higher velocities than
sonic logs or seismic
data

- Example from a heavy
oll field 50km SW of Fort
McMurray
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Wait ... S-waves travel through heavy oil?

Compression
Expansion

= SR Non-negligible
‘Direction of P- wave travel Rigidity

l
|l|l
l'l

Direction of S-wave travel

E—

Image Credit: academic.brooklyn.cuny.edu
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