I ntroduction

LVPM can modd the effects of sand-shalelaminae on neutron and density logs and
pulsed neutronlogs. In the example shown here, the sand laminae had afixed bed
thickness of 10 cm and the montmorillonite laminae had bed thicknessesthat varied from
0.01 cmto 10 cm. These laminae were oriented parallel or perpendicular to the
neutron/gamma propagation direction.

The sand was a20% porosity ultra-clean oil sand with amatrix density of 2.65 g/cc and
amatrix absorption cross section of 4.6 CU; the LV PM default oil wasused: C,,H
with adensity of 1.05 g/cc. The sand pore sizewasfixed at 0.001 cm.

Themontmorillonite used was Ca,Na, Al,,Mg,Fe,Si;OxH ,, B, oss75: With adensity of
2.5 g/cc and aresulting matrix absorption cross section of 60.0 CU. The montmorillonite
pore sizewasfixed at 0.0001 cm. In thisexample, no free water porosity was used with
this montmorillonite.

Thefixed small pore size of both laminar materialsallows afocus on the predictions

of the Transmission Probability Method of LVPM for parallel and perpendicular laminae
in comparison with the standard/classi c/homogeneous approach using bed thickness
weighting.

Heter ogeneous M ode Resultsfor Materiall or Material2
When LVPM isrunin Heterogeneous Mode, there resultstwo setsof OUTPUTSfor two

independent (infinite) mediawith small, but finite pore sizes. Bed thicknessesare not
used inthismode. Herearejust afew of these OUTPUTS:

SAND MONTMORILLONITE
HOMO HET HOMO  HET
RHOB(g/cc)y 2330 2333 2.500 2.500
DPHI 0222 0221 0.123 0.123
NPHI 0277 0276 0.079 0.079.

Becausethe pore sizesare small, the homogeneous and heterogeneousvaluesarevery
similar in value— however, they are useful ininterpreting some of the results of the
Paralldl Laminae Calculation Mode of LVPM.

Parallel Laminar Mode Resultsfor Materiall and Material2

Inthismode, LVPM treats Material 1 and Material 2 as parallel sand-shale laminae



whose properties can influence one another. Each of the twelve figuresbelow details
some aspect of density-neutron logging measurements with various montmorillonite bed
thicknesses. All resultslabeled “homogeneous’ refer to use of the standard mixing rules
(outlined above) that use bed thickness weighting.

Thefirst seven figures detail the impact of montmorillonite bed thickness on bulk
density, density porosity, heutron porosity, capture cross section, thermal neutron
diffusion length, thermal neutron diffusion coefficient, and neutron slowing down length,
for both the standard / homogeneous and LV PM / heterogeneous cases.

Accordingto Figure 1, LVPM bulk density increasesrather dramatically in the first
several centimeters of montmorillonite bed thickness, whereas the homogeneous density
shows amuch more uniform increase over the entire range 0 to 10 cm of bed thickness.
Figure 2 shows these features echoed in the density porosity. Noticethat density porosity
decreases as the montmorillonite bed thicknessincreases: sand density porositiesin
laminated sand-shal e sequences are pessimistic and must be increased to improve
accuracy —the LVPM resultsindicate that the increases are much larger than those
computed from standard mixing. Similar decreasesin neutron porosity are observed in
Figure 3, with the LVVPM porosities more pessimistic that those from standard bed
thickness weighting.

Figure 4 showsthat the neutron capture cross section (S) isthe same for both methods.
Recall that S isinterrelated with the thermal neutron diffusion length (L) and the

thermal neutron diffusion coefficient (D ) by the expression:
D=L**S

Figures5and 6 reveal very small differences between the thermal neutron diffusion
length from both methods and small differencesin the thermal neutron diffusion
coefficient.

Finally, Figure 7 revealstherather large differencesin the neutron slowing down length
from the two methods. These differencesarethe main cause of the differencesseenin
the neutron porosity itself shown in Figure 3.

Figure 8isaplot of RHOBhet versus RHOBhomo. For very thin beds, note that the
heterogeneous and homogeneous bulk densities are about the same. However, asthe
montmorillonite bed thicknessincreases, observe that the LV PM heterogeneous bulk
density becomeslarger than the homogeneous bulk density, reaching adifferential of
about 0.06 g/cc near amontmorillonite bed thickness of about 1.5 cm. Looking at Figure
9 which shows the corresponding homogeneous and heterogeneous (limestone) density
porosities, note that this difference represents a pessimistic density porosity estimate of
amost 35PU !

Figure 10 detail s the impact of bed thickness on neutron porosity: near athickness of



10 cm, thisdifferential reaches2 PU ! Thus both the neutron and density LVPM
heterogeneous porosities are pessimistic and require correction towards more optimistic
valuesin laminated media. Study of Figures 8-10 revealsthat the impact on density rises
quickly at low bed thicknesses whereas the impact on neutron porosity is more uniform
throughout. Resultsfrom Figures 10 and 11 indicate that LVPM predicts asmoother
transition in bulk density and neutron porosity than the classic method.

The observed differences between the standard bed thickness weighting (homogeneous)
and the LV PM methods (heterogeneous) are due to the Transmission Probability Method
asapplied to parallel laminae: amore accurate accounting of the neutron and gamma
transport in both laminaeis performed, simultaneoudly.

Perpendicular Laminar Mode Resultsfor Materiall and Material2

When LVPM isruninits Perpendicular Mode on this same example, differencesrelative
to the above Parallel Mode results are negligible— even for the very sensitive thermal
neutron diffusion length and thermal neutron diffusion coefficient. Theseresults may be
attributed to two factors: both Material 1 and Material 2 have small poresizesand
Material2 in fact has no porosity.



