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GAS BITUMEN COLD LAKE HEARING

UNDERTAKINGS GIVEN BY HUSKY

Undertaking No.1

To provide graphs showing the relative permeabilty curves Husky used in its model
runs, includig any adjustments it made to the curves such as temperature

adjustments.

U ndertaking No.2

To advise if the input and output fies that were submitted by Husky have the same
convergence criteria as those used in the runs provided with its January 30th reply
evidence and that those are not the same as the default criteria.

Undertaking No.3

To advise how the 20 percent porosity and 50 percent water saturation correlates to
bitumen weight percent.

Undertaking No.4

To file the Reynolds paper and the relevant page referenced.

Undertaking No.5

To provide the variograms developed by facies for porosity and water saturation.

Undertaking No.6

To produce the logs for the 6-34 and the 7-19 Well.

Undertaking No.7

To explain the lack of a neutron response on said log with respect to the 7 -19 Well.
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Husky Caribou SAGO and CSS Core Displacement Testing
We//1AAf03-07-069-04 W4M. 20% Clay Content Core, 471-475 m Interval

Summary of Cor and T",~t Paf;im",l\rs Flu;dVisi:osilyDara
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Husky Caribou SAGO and CSS Core Displacement Testing
WeI/1AA/03-07-069-04 W4M - 40% Clay Content Core, 489.492 m Interval

Summary of Core and Test Parnme'ers Fluid Viscosity Dolt.
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Husky Caribou SAGO and CSS Core Displacement Testing
WeIl1AAl03-07-Q69-04 W4M - 20% Clay Conrent Core, 471-475 m fnterval

Summary of Core and Test Parameters
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Undertaking No.2



Undertaking No.3

Bulk Weight Oil Calculation for Phi = 0.2, Sw = 0.5:

Bulk Weight Oil = weight oil/ (weight oil + weight water + weight rock)

Where:
Weight oil = QOil * (l-Sw) * cD
Weight water = QW * Sw * cD

Weight rock = Qr * (1 - cD)

QOil = Oil Density = 0.987 (EnCana average, Exhibit C28, p. 12)
QW = Water Density = 1.006 (EnCana average, Exhibit C28, p. 12)
Qr = rock density = 2.62 (see Note below)
Sw = water saturation = 0.50
cD = porosity = 0.20

Bulk Weight Oil = 0.043 or 4.3%

Note: The Grain density of 2.62 represents the arithmetic average of Husky Clearwater core
analysis grain density values for the 2005 and 2006 core data previously submitted to
these proceedigs.
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( , Dimensions of Paralic Sandstone Bodiesl

A. D. Reynolds2

ABSTRCT

Petroleum reservoirs in parac successions com-
monly comprise a wide range of sand-body types.
To estimate the volume of petroleum that is pres-
ent and the percentage that is recoverable, and to
optimize development and production schemes, it
is vital to know the dimensions and orientation of
each sandstone body. Although the sedimentary
facies and the orientation of paralic sand bodies
have been extensively studied, there is little quanti-
tative data on sand-body dimensions. This paper
addresses that data gap and reports an extensive
database of widths, lengths, and thicknesses of par-
alic sandstones.

Following an approach that has been successful
in fluvial successions, an attempt is made to devel-
op predictive relationships between sand-body
thickness, which is commonly known from well
data, and the key unknowns of width and sand-
body length. In pursuing this goal, in addition to
classifying the data by sand-body type, grain size,
basin type, etc:, a key aim of this study has been to
test the hypothesis that sand-body dimensions are
controlled by their sequence-stratigraphic setting.

Crossplots of sand-body width against thickness
show that discrimination of the data by sand-body
type produces the tightest set of clusters; there-
fore, this should be the first step in choosing a real-
istic range of dimensions for a given sandstone
thickness. Further analysis reveals that sequence
stratigraphic setting is a useful means of refining
the choice of analog and reducing the range of
dimensiorìs.

Specific conclusions are (1) Valleys are much
wider than channels. Crude averages show that
chanels '(distributary channels, crevasse channels,
etc.) are narrow, less than 1 km in width, with
aspect ratios of 1: 1 00, whereas valleys average

OCopyright 1999, The American Association, of Petroleum Geologists. Allrights reserved, ' ,
1Manuscript received Auglist 11, 1997; revised manuscript received June

16,1998; final acceptance July 14, 1998.
2BP Exploration, BP Plaza, Westlake Park Boulevard. Houston, Texas

77079; e-rnail:reynoltd tQbp,com '
I am grateful to BP Exploration for permission to publish this paper.

Thanks are also extended to MPG,reviewers Lesley W. Evans, J. R. J.
Studlick, and G. j', Moir, arid to numerous colleagues, in particular Mike
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around 10 km in width and have aspect ratios on
the order of 1: 1000. (2) Shoreline-shelf sands are

huge sheets tens to hundreds of kilometers in
length, with mean widths that range from 7 to 25
Ia and vary according to systems tract. Shoreline-
shelf sands deposited in highstad systems tracts are,
on average, twice as wide as those deposited in tras-

gressive systems tracts. Thicknesses of shoreline-
shelf sands relate strongly to their position withi a
sequence set. (3) Valleys and shoreline-shelf sands
have areal extents comparable to giant oil fields.
Flood tidal deltas and mouth bars arè comparable
in area to small fields. (4) Distributary c~larinels,

crevasse chanpels, tidal flats, and crevasse splays
are small are ally. (5) Some systematic trends occur
(e.g., in flood tidal deltas), allowing the prediction
of width and length from thickness. Other data sets
show a high degree of scatter, but maximum,
mean, and minium values can be determined for
width, length, and thickness. (6) There is a clear
partitióningof certai sand-body types into certain

systems tracts.

INODUCTION

The scale, geometry, and orientation of reservoir
sandstone bodies are critical in appraising, develop-
ing, and producing petroleum reservoirs. For exam-
ple, an exploration well in a paralic succession may
encounter petroleum in a series of stacked reser-
voirs. Seismic data can usually give a reliable esti-
mate of structural closure, but how extensive wil
the reservoirs be? Wil they be field-wide or wil
they cover only part of the closure, and what
chance is there of other sands of limited lateral
extent being present but not having been contact~

ed by the discovery well (Figure l)?
In some cases, careful horizon-slicing of high-

quality, three~dimensional (3-D) seismic data sets
can directly image reservoir sands, so that these
questions can be answered rapidly and with a low
degree of uncertainty (e.g., Flint et a1., 1988). In
many other examples, 3cDseismic data are either
not available or they lack suffcient resolution to
image individual sandstones (as is commonly the
case in the Brent province)(e.g., Wiliams and
Mine, 1991).

211



The data presented here can be used in three
main ways: 0) as input to stochastic modeling
packages to constrain the liely dimensions of sand

bodies that cannot be correlated deterministically
across a field, (2) to aid determinstic correlations
by suggesting which sands are likely to be field
wide, and (3) to suggest how sand-body dimen-
sions vary systematically with sequence stratigraph-
ic architecture.

DATABASE AN METHODOLOGY

Data Collection

The paper reports a study of 671 parac sandstone
bodies. Data were collected from examples in the
published literature and collated from studies com-
missioned by British Petroleum. To speed data collec-
tion, and for compatibilty with reported studies,
maxum tlucknesses, maximum widths, and max-
mum lengths were measured (Figure 2). The data are
drawn entiely from ancient successions. An alterna-
tive approach of using aerial and satellte photogrphs
to study modern deposits was not employed because
of the difClty of makg a connection between the
areal exent of present-day environments (e.g., chan-
nel width) and preserved sediment body geometries,

and because aerial photogrphs yield litte or no data
on sand-body tluckness.

Along with other workers (notably Bryant and
Flint, 1993), it was thought the changes in base
level and sediment supply that are highlighted by
sequence stratigraphic studies would have a con-
siderable influence on the dimensions of paralic
sandstone bodies. To that end, the dimensional
data were recorded in a sequence stratigraphic
framework. Table 2 shows the sequence strati-
graphic hierarchy that was employed, together
with the full range of data that were recorded, only
some of which are reported here.

Although the data collecton process is generay sat-
isfuctory severa potential pitfs need to be addressed.

Maximum Thicknesses
The thickness of sand bodies varies spatially.

Maxum tl1ickness is the quickest, but only one of
a number of possible measurements that could be
made to capture this variabilty. Hirst et at. (993)
argued persuasively that any individual well bore is
unlikely to penetrate the maximum thickness of à
fluvial channel sand body because the thickness of
a sand body wil vary both across its width and
downstream from riffle to poo1. They suggested
instead that a well bore is more likely to encounter
an average channel thickness that is typically
between 0.6 and 0.8 of the maximum channel
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thickness (Figure 2C). This logic can be extended
to a wide range of sand-body types, and, therefore,
well-bore tlucknesses may need a correction before
using maximum thickness crossplots to predict
widths or lengths. The degree of required correc-
tion is liely to vary between depositional environ-
ments, with more correction needed in channel-
ized sand bodies, but less correction needed where
sandstones have a sheet geometry.

Tectonics
In tectonically active basins the extent, geome-

try, and orientation of sandstone bodies are
commonly influenced by tectonic lineaments
(Mitchell and Reading, 1986). The sand-body
dimensions presented here are taken from basins
that are dominated by regional subsidence and
lacklocal synsedimentary faulting; therefore, the
data are 110t thought to be infuenced by local tec-
tonics, but rather by a combination of regional
base-level changes, sediment supply, and sedin1en-

tary processes.

Stacked Sand Bodies
As far as possible the dimensions presented here

are derived from individual, rather than stacked,
sand bodies. The problem of stacked sand bodies is
particularly clear from fluvial successions where
both multistory and multilateral channel sand bod-
ies occur (Figure 2D). By contrast, distributary
channel sandstone bodies tend to be ribbon-like,
reflecting the strongly distributive channel pattern
that characterizes delta plain settings, and although
the sand bodies may be multilateral they are rarely
multistory (e.g., Dreyer, 1990; Dreyer et a1., 1990;
Flores et aL., 1991; Olsen, 1993). Similarly, other
types of sandstone bodies are rarely stacked or
amalgamated when viewed at the parasequence
scale; they are commonly separated by flooding
surfaces or their equivalents. Flood tidal deltas are
an exception as they are commonly amalgamated
laterally (e.g., Barwis, 1990).

Interpretation
Assignment of sand bodies to different deposi-

tional environments and their classification in a
sequence stratigraphic framework is an interpreta-
tional exercise. Different workers may have chosen
iiìterpretations that differ from those presented
here. The majority of the interpretations and the
raw data'were provided by specially commssioned
studies. The remaider were gleaned from the liter-
atue,wluch increasingly prövides detailed dimen-
sional dàta in a sequence stratigraphic framework
(e.g.; ü'Byrne and Flit, 1993).



Table 2. Data Collected for Each Sand Body in the
Database

Sequence Stratigraphic Setting
Parasequence (name)
Parasequence set (forestepping, backstepping,

aggradational)
Systems tract (hghstand, lowstand, transgressive,

shelf margin)
Sequence (name)
Sequence set (forestepping, backstepping,

aggradational)
Margin type (ramp, shelf-slope)
Basin type (foreland, rif, passive margin, etc.)

Other Data Reported in this Paper
Maxmum thickness
Maximum width
Maxum length
Grain size
Sand-body type

Data Collected But Not Reported in this Paper
Orientation
Distance to nearest sand body (to the left, right,

above, and below)
Nearest sand-body type

Relative inuence of sedimentary process: fluvial,
storm, wave, tide

Delta type: shelf edge or shelf delta
Environment and sub environment
Paleolatitude and paleolongitude
Age
Data type
Data quality

sandstone body types. By contrast, similar
plots (not presented here) of paralic sandstone
bodies differentiated solely by systems tract,
grain size, and basin type do not reveal distinct
clusters.

As a result, recognizing sand-body type is the
first step in choosing a set of analog dimensional
data. The relatively restricted thickness range of
paralic sandstones is thought to reflect the genera-
tion of accommodation space in relatively thin and
uniform increments. Consider, for example, auto-
cyclic lobe switching on a delta. An abandoned
lobe is transgressed and subsides. Eventually, the

active distributary system switches back and pro-
grades a shelf delta over the old abandoned lobe.
During progradation the delta may deposit a num-
ber of sandstone bodies of varying width and
length, reflecting the size öf the fluvial system and
depositional processes (waves, tides, crevassing,
etc.). However, none of the sand bodies are likely
to be thicker than the amount of accommodation
space generated during tre;iisgression and subsi-
dence prior to delta switching, sediment supply,
and renewed progradation. Valleys are a lone
exception to this rue. Valeys erode down as far as
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base-level fall permits, and form by far the thickest
paraic sandstone bodies (Table 3).

Valleys and Channels

Cumulative frequency plots show that valleys
and channels have dramatically different widths.
Approximately 95% of distributary channels have
widths less than 2 km, whereas 95% of the valleys
have widths greater than 2 km (Figure 5). Channels
rage from tens of meters to 6 km in width; valeys
range from 0.5 to over 60 km in width (Figure 6).

Channels have average widths of less than 1 km
and aspect ratios (Le., thickness:width ratios) of
around 1:100. By contrast, valleys have an average
width around 10 km and aspect ratios of 1: 1000 or
more (Table 3). Considerable overlap exists in the
thicknesses of valleys and channels, and, in addi-
tion, they have similar log expressions (e.g.,
Eschard et aL., 1991). However, valleys are generally
wider than channels, and it is critical to distinguish
them.

An analysis of the valley data alone reveals two
trends (Figure 7). The fist trend comprises a set of
deep, narrow valleys with aspect ratios of around
1: 100. All of these valleys have siltstone fils and
incise into a distinct shelf-slope break. The second
trend comprises relatively wide, shallow valleys
that have aspect ratios of 1: 1000, sandy fills, and
developed on low-angle clastic ramps or far away
from a coeval shelf-slope break. One possibilty to
explain these two trends is that the deep, narrow
valleys with silty fills originated in a manner sug-
gested by the flume experiments of Wood et aL.
(1993). These workers showed how base-level fall
below the shelf edge can result in numerous local
incisions, only one of which (eventually) lins with
the preexisting fluvial system. The other incisions
are filed by material either (1) derived locally from
reworkig the shelf-slope break, and/or (2) derived
from hemipelagic falout during transgression. Such
fils are likely to be silty. Alternatively, Schuum
(1993) suggested that valley width relates to the
rate of base-level fall and to the cohesion of the sub-
strate, with rapid base-level fall and cohesive sub-
strates favoring narrow, deep valleys.

Channels

A series of plots differentiating chanels by chan-
nel type (Figure 6) and by systems tract and grain
size (Figure 8) reveals that channel type is the best
way of differentiatingthe range of chanel dimen-
sions into clustered subgroups. Crevasse channels
are the narrowest and most shallow; distributary
channels are the widest and deepest (Figure 6;




