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(54) Title: METHOD FOR PREDICTING PROPERTIES OF A SEDIMENTARY DEPOSIT FROM A THICKNESS CONTOUR

OF TIIE DEPOSIT

(57) Abstract: The propertics of a water-lain sedimentary deposit may be predicted at any location from a contour of constant
deposit thickness. One embodiment of the method comprises (a) determining an outline of constant deposit thickness in a measured
deposit, (b) determining the fluid flow properties at the inlet of the measured deposit, (c) determining a property of the deposit at
any point inside the deposit from modeling the flnid flow. The propertics of the deposit at any point may include the thickness of
the sediment body, the sizc of the body, the shape of the body, and the grain size distribution at each point within the body, and any

combination thercof.
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METHOD FOR PREDICTING PROPERTIES OF A SEDIMENTARY
DEPOSIT FROM A THICKNESS CONTOUR OF THE DEPOSIT

[0001]  This application claims the benefit of U.S. Provisional Patent Application
No. 60/466,655 filed on April 30, 2003.

FIELD OF THE INVENTION

[0002])  This invention relates generally to the field of geologic modeling,
Specifically, the invention is a method capable of determining the properties of a
sedimentary deposit such as, three-dimensional size and shape and grain size
distribution throughout the deposit from the size and shape of a single contour of

constant deposit thickness.
BACKGROUND OIf TIIE INVENTION

[0003]  In the oil and gas industry, seismic prospecting techniques commonly are
used to aid in the search for and evaluation of subterranean hydrocarbon deposits. A
seismic prospecting operation consists of three separate stages: data acquisition, data
processing, and data interpretation, and success of the operation depends on

satisfactory completion of all three stages.

[0004] In the data acquisition stage, a seismic source is used to generate an
acoustic signal that propagates into the earth and is at least partially reflected by
subsurface seismic reflectors. The reflected signals are detected and recorded by an
array of seismic receivers located at or near the surface of the earth, in an overlying

body of water, or at known depths in boreholes.

[0005]  During the data processing stage, the recorded seismic signals are refined
and enhanced using a variety of procedures that depend on the nature of the geologic
structure being investigated and on the characteristics of the raw data. In general, the
purpose of the data processing stage is to produce an image of the subsurface from the

recorded seismic data for use during the data interpretation stage.
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[0006]  The purpose of the data interpretation stage is to determine information
about the subsurface geology of the earth from the processed seismic data. The
results of the data interpretation stage may be used to determine the general geologic
structure of a subsurface region, or to locate potential hydrocarbon reservoirs, or to

guide the development of an already discovered reservoir.

[0007] At present, the conclusions which can be made after the data interpretation
stage are generally limited to broad descriptions of the size and general nature of
subsurface structures. The descriptions may for'example provide an indication of the
total volume of hydrocarbons which might‘be retained in such structures. However,
present technology does not allow the analyst to determine preferred locations within
a structure for drilling wells, except in a very broad scnsc. In addition, when an
exploration well has been drilled, present technology does not allow an analyst to be
able to accurately characterize the nature of the subsurface structure in locations other

than in the most immediate region of any such well.

[0008] As will be understood from this summary of the data interpretation stage
of the seismic prospecting operation, it is desirable to be able to predict the broad
nature of a subsurface structure of interest using only seismic data and without having
to drill exploration wells. Such a capability would facilitate estimation of
hydrocarbon volume in place and production rates early in the hydrocarbon
exploration and development process. Hydrocarbon volume and rate of production
depend on a variety of factors, including the grain size distribution and thickness of
the sand deposit that makes up the reservoir in which the hydrocarbons are found.
Accordingly, there is a need for a method for predicting that grain size distribution at
every location within a sand deposit and for predicting the three-dimensional size and
shape of the deposit. More specifically, there is a need for a method of using a
contour of constant deposit thickness to determine the size, shape, and distribution of
internal properties, including grain size distribution, in the body. The present

invention satisfies that need.

SUMMARY OF THE INVENTION
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[0009] A method for predicting the properties of a water-lain sedimentary deposit
at any location from a contour of constant deposit thickness is disclosed. The method
comprises (a) determining a contour of constant deposit thickness of the measured
deposit, (b) using the contour to aid in determining the fluid flow properties at the
inlet of the measured deposit, (c) determining a property of the deposit at any point
inside the deposit from simulating the fluid flow. The properties of the deposit may
include the thickness of the sediment body at any point, the size of the body, the shape
of the body, and the grain size distribution at any point within the body, and any

combination thereof.

[0010] A second embodiment is disclosed for predicting properties of a water-lain
sedimentary deposit at any point within the deposit from a contour of constant deposit
thickness. The method comprises (a) determining at least one outline of constant
deposit thickness in the measured deposit, (b) identifying an inlet point and an end
point on that outline, (c) creating a backbone curve connecting the inlet point and end
point for the measured deposit and creating ribs perpendicular to the backbone, (d)
estimating the flow properties at the inlet of the measured deposit, (¢) creating a
simulated deposit by simulating thce flow properties and deposit properties
corresponding to the estimated inlet flow properties, (f) determining the backbone and
ribs of the simulated deposit, (g) repeating steps (d) through (g) until the rib lengths of
the simulated deposit are substantially similar to the corresponding rib lengths of the
measured deposit, (h) dotermining the deposit properties along the ribs of the
simulated deposit, and assigning the same deposit properties along the corresponding
ribs of the measured deposit, (i) interpolating the deposit properties at a point within
the measured deposit based on the deposit properties along the nearby ribs. In
addition, the properties of the deposit at points outside the thickness contour may be
predicted from the simulated deposit by cxtending the ribs and backbone of the
measured and simulated deposits by a fixed percentage of their lengths. The
properties of the deposit include the thickness of the sediment body, the size of the
body, the shape of the body, and the grain size distribution at any point within the

body, and any combination thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  Figure 1 is a plan view of a fluid flow which is depositing a sedimentary

body, including the flow boundaries;
[0012]  Figure 2 is an elevation view corrcsponding to plan view Figure 1;

[0013]  Figure 3 is an elevation view corresponding to plan view Figure 1 after

deposition has occurred;

[0014]  TFigure 4 shows a plan view constant deposit thickness contour with a

"backbone" and "ribs" inscribed.
[0015]  Figure 5 is a flow chart of a first embodiment of the invention;
[0016]  Figure 6 is a flow chart of a second embodiment of the invention,

DETAILED DESCRIPTION

[0017]  In the following detailed description, the invention will be described in
connection with its preferred embodiment. However, to the extent that the following
description is specific to a particular embodiment or particular use of the invention,
this is intended to be illustrative only. Accordingly, the invention is not limited to the
specific embodiment described below, but rather the invention includes all
alternatives, modifications, and equivalents falling within the true scope of the

appended claims.

[0018]  The prosent invention is a method for predicting the size, shape, and
internal properties of a sand deposit from seismic data. Specifically, the inventive
method can be applied to finding the size, shape, and grain size distribution at any
point within a water-lain sedimentary body using a thickness contour of the body or

the mapview outlinc of the body.

[0019]  As will be understood to those skilled in the art, the deposition of clastic
sedimentary bodies typically begins with a flow of sediment-laden water from a

confined channel or inlet, such as a river mouth, info an open region, such as a basin.
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Initially such flows expand freely and deposit sediment as flow velocity decelerates.
The properties of the flow and deposit are tightly related, so that the fluid mechanics
of sediment-laden flows can be used to extrapolate detailed properties of the bodies

deposited by such flows.

[0020]  Applicants discovercd that applying reasonable assumptions to these
principles facilitates an analytical procedure providing a physical and empirical
principle-based quantification of the characteristics of fluid flow-deposited sand
bodies. This relationship between fluid flow principles and sedimentary body
characteristics facilitatcs a method which allows characterization of the overall
properties of the deposit based on only a minimum amount of initially available data.

That method, in its various embodiments, is the subject of the present invention.

[0021]  The inventive method is built on the assumption that the grains which
compose the deposit are carried and deposited by a sediment laden fluid flow with
height A(x,y), x-velocity u(x,p), and y-velocity v(x,3). The fluid flow contains a
volume fraction Ci(x,p) of grains of the ith grain size bin. The ith grain size bin
contains grains of nominal characteristic diameter d; which may, for example, have
actual characteristic diameters ranging from 84% to 119% of d;. The grains of the ith
grain size bin fall through still water with a terminal velocity (also referred to as a
settling velocity) vy The time duration over which deposition persists to form the
deposit is T, and the resulting deposit thickness is A(x,y, 1)-A(x,,0).

[0022] Figures 1, 2, 3, and 4 depict the assumptions and parameters used in the
present invention. Figure 1 depicts a plan view of fluid flow 10 with flow boundaries
12 and 14, Inlet 15 for fluid flow 10 is centered, for convenience, at the origin of the
x and y-axes, and flow emitted from the inlet moves initially in the positive x
direction. At the inlet 15, the flow boundary has an initial width 17, a half-width of 8,
and expands in the positive x direction. Also depicted is a constant thickness contour
16 of the deposit formed by the fluid flow.

[0023]  Figure 2 depicts an elevation view corresponding to plan view Figure 1.
The fluid inside the flow boundaries 12 and 14 of Figure 1 is comprised of two layers.
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Figure 2 illustrates the two layers of fluid as a clear layer 20 above a sediment-laden
layer 28. The sediment-laden layer 28 is also referred to herein as the turbid water
layer. The elevation of the bottom topography before the deposition process occurs is
24. The height of the sediment-laden water layer at inlet 15 is 26. The height of the
sediment-laden water Jayer 28 varies based on location, as evidenced by the fact that
at a different location in Figure 2, the sediment-laden water layer has a different
height 27.

[0024]  Figurc 3 is an clevation view corresponding to the plan view of Figure 1
after deposition has occurred. As in Figure 2, the fluid flow in Figure 3 is depicted as
being comprised of clear layer 20 above a turbid layer 28. The elevation of the
bottom topography after deposition is 30. This clevation consists of the elevation of
the original bottom topography 24 in addition to the thickness of the newly deposited

sediment layer 36.

[0025]  Figure 4 shows a mapview of a constant deposit thickness contour 40, The
inlet point 41 and end point 42 are shown. A backbonc 43 is shown which is a
smooth curve connecting the inlet point 41 and end point 42. Ribs 44 are shown.
Each rib is a straight-line segment with end points on the contour, is perpendicular to
the backbone, and is bisected by the backbone. The ribs and backbones may be used
to represent the dimensions of the deposit, and will be described in greater detail

below.

[0026]  Table 1 provides a detailed list of the parameters used in the present
method. As is indicated in Table 1, the height %y and velocity uy of the turbid water
flow at the inlet are assumed to be a constant across the width of the inlet along the y-
axis. The velocity uy is also constant vertically through the thickness of the flow.
The inlet half-width 5 is also defined. Thereafter, based on the procedure described
herein, the height # and velocity components # and v of the turbid water layer are
functions of position with respect to the x and y axes. Velocity components & and v
are assumed to be constant through the depth (z-axis) of the turbid water layer. The

turbid water layer is assumed to have a volume fraction C; of grains of the ith grain
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size bin averaged through the depth of the layer, but that volume fraction varies with x
and y throughout the flow.

[0027]  The deposit, which is formed from the turbid water layer flow is assumed
to be the result of the net deposition from that flow. The net deposition rate for grains
of the ith grain size is the difference between the deposition rate D; onto the bottom

and the erosion rate E; from the bottom back into the turbid water layer.

{0028] The deposition process varies with the sediment concentration, and the
erosion process varies with the flow velocity and the composition of the bottom, so
the net deposition will also vary with x and y location, producing a deposit of laterally

varying grain size distribution and thickness.

[0029] A first embodiment of fhe present invention will now be described. With
reference to Figure 5, this embodiment involves an iterative analysis procedure to
establish the flow parameters at the inlet constrained by a thickness contour of the
deposit, and to use these inlet properties as boundary conditions to simulate the full
flow and the resulting deposit. In this way, the full size, shape, and internal properties
of the deposited body may be established. As shown in Figure 5, in one embodiment,
there are three steps. First, a contour of constant thickness is determined (step 501).
Second, the fluid flow properties at the inlet are determined using the constant
thickness contour (step 502). Finally, the inlet fluid flow propertics are used as a
boundary condition for simulating the properties of the deposit, including the resulting
grain size distribution at any point in the deposit (step 503). The individual steps are
described in further detail below.

[0030] A second embodiment of the present invention will now be described.
Figure 6 is a detailed flow chart of the second embodiment. As shown in Figure 6,
first, at least one contour of the sand body is determined (step 601). This is a contour
of constant thickness, typically obtained from seismic data. A point on the contour is
designated the "inlet" and a second point on the contour is designated the "end point"

(step 602). A "backbone" and a selected number of "ribs" are automatically
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determined within the outline, and the length of the backbone and of each rib is noted
(step 603). The flow properties at the inlet are estimated (step 604).

[0031]  The flow properties and deposit properties are simulated over the deposit
region, using the flow properties at the inlet as a boundary condition. The flow
properties may include but are not limited to flow velocity, suspended sediment
volume fractions, deposition time, and flow height. The deposit properties may
include, but are not limited to, the thickness of the sediment body, the size of the
body, the shape of the body, the grain size distribution at each point within the body
and other properties of the body that may be calculated or inferred from the simulated
flow properties (step 605). A "backbone" is determined through the simulated deposit,
beginning at the inlet and ending at a distance from the inlet equal to the length of the
backbone of the measured deposit. "Ribs" of the simulated deposit are determined
which span the width of the thickness contour intersected by the backbone (step 606).

[0032]  The inlet flow properties are adjusted and steps 604 through 607 are
repeated until the inlet properties are found for which the simulated rib lengths arc
substantially equal to the measured rib lengths (step 607). The deposit propertics are
noted along each of the ribs of the simulated deposit, and the same deposit properties
are assigned along the corresponding ribs of the measured deposit (step 608). The
deposit properties at locations between the ribs of the measured deposit are

determined by interpolation from deposit properties at the nearest ribs (step 609).

[0033] The steps of the inventive methods are now described in greater detail in
connection with their preferred embodiment. The first step is to determine a contour
of constant deposit thickness (steps 501 or 601). For example, the mapview outline of
the deposit boundary is a contour of constant (zero) thickness. Alternatively, a
thickness contour in a relatively thin deposit can be identified in a seismic cube as a
contour of constant reflection amplitude. Alternatively, the contour of maximum
brightness associated with the tuning thickness of the deposit as observed in a seismic
cube can be used. Alternatively, a thickness contour may be determined as a contour
of constant vertical distance between mapped horizons in an interpreted seismic cube.

Altematively, persons skilled in the art will recognize other methods by which
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contours of constant thickness may be determined for a sedimentary body. The actual
thickness associated with the constant thickness contour, when available, improves

the performance of this method, but is not essential for its operation.

[0034] In one embodiment, the second step is to determine the location of the inlet
and end point (step 602). The location of the "inlet" point and the "end point" can be
manually or automatically indicatcd on the outline of the deposit. The determination
of these points is based on the interpreted flow direction, where the inlet is the point
furthest up flow, and the end point is the furthest down flow point on the interpreted

centerline of the flow.

[0035]  In one embodiment, the third step is to inscribe a backbone and ribs within
the contour (step 603). The backbone is defined as a smooth curve connecting the
inlet point and the end point. The ribs are straight-line segments with both end points
on the contour. The ribs intersect the backbone at pre-determined fractions of the
total backbone length, typically at 5%, 15%, 25%, ..., and 95% of the backbone
length. The ribs are also bisected by the backbone and are perpendicular to the
backbone at the bisection point. The backbone location and rib locations may be
determined in an automated fashion by four steps. First, guessing the rib-backbone
intersection points. Second, fitting the backbone to those points using a bicubic
interpolation. Third, finding the associated candidate ribs, and finally, iteratively
adjusting the intersection points until they come at the appropriate intervals on the
backbone and produce perpendicular ribs which are bisected by the backbone. The

backbone length and rib lengths for the measured deposit are noted.

[0036] In one embodiment, the fourth step is to estimate the flow properties at the
inlet (step 502 or 604). In this embodiment of the invention, the properties which
must be specified at the inlet are the flow velocity in the x direction (the flow velocity
in the y direction is assumed to be zero at the inlet), the flow height, the suspended
sediment volume fraction in each grain size bin, and the width of the inlet. When it is
not possible to uniquely determine each of these properties from a deposit thickness
contour alone, additional information and/or assumptions about relationships between

inlet properties must be supplied. In this embodiment, it is assumed that (a) the size
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distribution of suspended grains at the inlet is known from well control or provenance
studies, though the total suspended sediment volume at the inlet is unknown. (b) The
flow height at the inlet, /p, and the inlet width, b, are assumed to be related to the flow

velocity, #, according to the following relationships,

hy = a*c’ul [1a]

b=d"u, [1b]

[0037]  Equations (la) and (1b) are based on the work of Huang and Nanson
(2000) and Huang (1996). The parameters « and ¢ are empirically derived and, as
indicated in Huang, typically have the values « = 4.33 and ¢ = 0.22 dso ™, where dsp
is the median grain diameter at the inlet. This relationship was originally derived for
river flows, but can reasonably be applied to channelized flows in other types of
systems. In the alternative, analogous relationships for other systems could be
derived. (c) The flow velocity at the inlet @, is the slowest velocity sufficient to
substantially prevent deposition of the suspended sediment at the inlet location. This
provides a relationship between Cry and uy. The combination of these assumptions
leaves ug as the only independent variable at the inlet, which greatly simplifies the
iterative search by which the inlet conditions are determined. As described below, the
iterative search progresses until inlet conditions are found which are most consistent
with the measured deposit thickness contour. The assumptions above about
knowledge of and relationships between inlet properties are merely illustrative.
Persons skilled in the art will recognize other assumptions that could be used, based
on observed correlations or physical principles, to reduce the range of inlet property
values which must be considered. Such other assumptions that aim to reduce the
range of possible inlet conditions, in addition to or replacing one or more of those

assumptions identified above, are also within the scope of this invention.

[0038] In one embodiment, the fifth step is to simulate the flow properties over
the deposit and the deposit properties (step 503 or 605). This simulation solves the
system of equations outlined by Parker, 1986 and, more recently, by Bradford and
Katopodes, 1999. These squations are described in detail below.
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[0039]  Tn an embodiment, the net deposition process is assumed to be steady-
state. In other words, the flow velocities, heights, and sediment volume fractions of
the turbid water layer at each x and y location are constant thronghout the deposition
time T. The deposit which results is assumed to have a constant grain size
distribution G; through the depth of the deposit, but that distribution can vary with x
and y location throughout the deposit. The thickness of the deposit also varies with x
and y location, as characterized by elevation 4. Both the clevation of the deposit 4
and the grain size distribution of the deposit G; are assumed to be a function of both
the deposition D; and the erosion E; that occurs during the fluid flow process. More

specifically:

Deposit thickness:
Ay T A= T OCe-ECor) 4

Grain Size Dist. in Deposit:
D,.(x,y)—E,-(x,y)
Gi (xz y) =

SUAD (5 ) - E (% 3)

i

[2b]

[0040]  In this model of the fluid flow process, deposition is assumed to be a
function of the settling velocity of the grains in still water and the suspended sediment

volume fractions:

Deposition Rate:
Dy(x, ) =7Ci(x, )vg, (3]

where, for example, v; may be calculated using the settling velocity equations
published by Dietrich (1982). The factor y, is the factor by which the sediment
concentration at the bottom of the flow exceeds C,, the vertically averaged sediment

concentration in the flow. Typically, y, = 2, though other choices of y, are feasible

and are also within the scope of the invention,

[0041] It is generally understood that the erosion that occurs during the fluid flow

process follows a complicated, empirically derived, relationship to the velocity of the
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flow. One such empirical erosion relationship is specified by Garcia and Parker

(1991):

5
Tv.G,
Erosion Rate: E; = Lv;‘-‘— [4]
1+ 52703
. d 0.2
Z;= ﬂu_RpiM(_i] [5]
Vsi Pso
3 Rgd[--j
Ry ="—— (6]

In these equations, the term,

u*=1lfiu2+v2i [7]

is a shear velocity which is a function of the magnitude of the local flow velocity and
a drag coefficient f ~ 0.001-0.01 depending on the nature of the sediment being
deposited. Typically f = 0.002. The grain size distribution is G; and the grain

diameter associated with the 50™ percentile of grain size in the deposit is p,,. The
parameter S =1L3x107 and A =1 ~0.288c, where o, is the standard deviation of

the grain size distribution in the logarithmic "phi" units familiar to goologists.

[0042] The flow equations derive from the Navier-Stokes cquations and
continuity equations for a sediment laden flow beneath stationary clear water, and are
important because the shape and internal properties of a deposited body depend on the
flow field that deposited the body. For the motion of a turbid water layer, Parker, et
al. (1986), Imran, et al. (1998), and Bradford and Katopodes (1999) all derived an
appropriate system of equations. In a steady-state form, these equations can be

written as follows:

X-Momentum:

2
i(hu2)+ i(huv) -1 gﬁ —RghC, o _ cpuu® +v°
ox 6y 2 ox ox [8]

Y-Momentum;
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2

g(huv) + -a—(hvz)= —leaC:.—Th - RghC, o eylu? +9°

ox oy 2 oy oy , 9]
Sediment Conservation:

ohuC; + (?h:/(,,. —E,-D, [10]

ox oy

Fluid Conservation:

alﬂ+%=ew ut v, [11]

o&x oy

[0043]  The multiplier term on the right hand side of the fluid conservation
equation (11) s,

0.00153

e, =—— {12]
0.0204+F.~

and will be recognized to thosc skilled in the art as an entrainment coefficient often
given the symbol e,,. Persons skilled in the art will recognize other variations of this
term that are also within the scope of this invention. This term is an empirical

function of the local Froude number at each point in the flow. The Froude number is,

2 2
F, = u Ay [13]
RghC,

As indicated, Equations 8 through 11 derive from the Navier-Stokes and continuity
principles for a sediment-laden flow beneath stationary clear watcr. Howover, certain
assumptions are made in using these equations to determine the flow field in the
present invention. Persons skilled in the art with the benefit of the disclosures herein
will recognize other equations could be used to calculate the flow properties. All such
equations are intended to be within the scope of this invention. These assumptions
include: 1) that the sediment-laden portion of the flow is assumed to have at each x, y
location, a uniform velocity and consistent sediment concentration profile vertically
through its thickness, and 2) that the flow field is constant across the entire width of

the inlet, as expressed in the following boundary conditions:
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Tnlet boundary conditions:
_Jm y]ss
u(o,y)—- { 0 |y| b [14a]
10,y)=h, |y<b. [14b]
c0y)=c, |y<s. [14c]

Although Equations 2a, 2b and 8-11 arc dcrived assuming a flow in steady state, this
assumption is not a limitation on the method. In the steady-state case, the elevation of
the bottom below the flow is A= A(x ¥ ,O) in Equations 8 and 9, commonly assumed

to be zero. The flow properties could be allowed to vary with time, in which case the
elevation of the bottom, 4, would vary with time, and time derivatives of the
conserved quantities would be added to Equations 8-11 (see Bradford and Katopodes,
1999). Equation 2a would be rewritten to give the time derivative of deposit
thickness, and Equation 2b would give the grain size distribution as it varied with
time or depth in the deposit. In the preferred embodiment of the time-varying version,
the simulation would run forward in time until the deposit became large enough to
substantially deflect the flow that built it. At this terminal point, the deposit would be
regarded as nearly resembling a real deposit with the same inlet conditions. Although
this time-varying version of the invention would in principle more accurately describe
real deposits, the steady state approximation is presented as the preferred embodiment

because of computational time savings.

[0044]  Computational techniques for solving systems of partial differential
equations describing fluid flows, such as the above equations, are well known to those
skilled in the art. A variety of techniques are available, including but not limited to
control volume methods. Solutions to the flow equatjons could be pre-calculated for
the possible range of inlet properties. Then, the solution to this system of partial
differential equations for given inlet conditions could be determined by looking up the
appropriate pre-calculated solution in computer memory, rather than repeatedly re-

solving the equations during the application of this method.
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[0045]  Now referring to step 606, once the flow and deposit properties have been
simulated, a backbone and ribs may be determined for the simulated deposit. The
backbone of the simulated deposit begins at the inlet point and proceeds along the
centerline of the deposit, which, due to symmetry, is the x-axis. The end point of the
backbone is determined to make the backbone for the calculated deposit the same
length as the backbone of the measured deposit. The outline of the calculated deposit
is mow defined as the contour of constant thickness passing through the end point of
the backbone. As was the case for the measured deposit, the ribs of the calculated
deposit will be line segments with end points on the constant thickness contour which
(a) intersect the backbone at pre-determined fractions of the total backbone length, (b)
arc bisccted by the backbone, and (c) are perpendicular to the backbone at the
bisection points. The rib lengths for the simulated deposit are noted.

[0046]  Step 607 repeats steps 604 through 607, adjusting the inlet flow properties
in step 604 until the rib lengths of the simulated deposit are substantially equal to the
rib lengths of the measured deposit. If more than one thickness contour can be
determined from the measured deposit, then rib lengths associated with both contours
can be used in this step. If the thickness of the simulated deposit is known and the
thickness at the measured contour is also known, then matching this thickness is

preferably also performed in this step, along with matching rib lengths.

[0047]  The time-varying method would provide realistic simulated deposit
thickness if the simulation runs until the deposit substantially diverts the flow that
builds it. The steady-state method only provides the actual thickness of the simulated
deposit if T is determined in some way, typically based on an assumption about how
the maximum deposit height is related to the inlet conditions. Onc cxample of such
an assumption can be derived from the work of Baines (1995). Under this
assumption, the deposit grows until it is large enough to divert the flow that produces

it, This diversion occurs when the maximum deposit thickness is approximately,

P70 S0 B0 N

Dyax =4 | [15]
’ 16F? 4 277
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where F,, is the Frouds mumber of the flow at the inlet. The deposition time 7' is
then determined so that thickness z,,, is achieved at the point of maximum net

deposition rate in the steady-state solution. Because Baines' work involved two-
dimensional air current flows over obstructions, a scaling constant ¢ has been added
to relate the two-dimensional result to the three-dimensional behavior of the
hydrodynamic flows of interest. In the present method, scaling constant ¢ is
determined from numerical modeling to be approximately 0.9. This value of g
depends on the three-dimensional shape and size of the deposit, and the relationship
of that shape and sizc to the ability of the deposit to divert the particular flow, and

may be modified for other flows.

[0048]  Step 608 assigns deposit properties along the ribs of the measured deposit.
The deposit properties along the ribs of the measured deposit should be equal to the
deposit properties along the corresponding ribs of the simulated deposit. 1f more than
one contour is used in determining the inlet properties, then ribs from the largest of
the contours would typically be used for the mapping of propertics from the simulated

to the measured deposit.

[0049]  Step 609 interpolates the deposit properties in the measured deposit at one
or more locations of interest. Based on the deposit properties determined along the
1ibs, deposit properties can be interpolated at points not on the ribs. Persons skilled in
the art with the benefit of the disclosure herein will recognize many common
interpolation techniques that can be used with this invention. One possible
interpolation method would be to create, for each point of interest in the measured
deposit, an additional 1ib passing through the point of interest in the measured deposit
and being perpendicularly bisected by the backbone. A corresponding rib would then
be created for the simulated deposit, intersecting the backbone at the same distance
along the backbone. The deposit properties at the same rib and backbone position in
the simulated deposit would then be assigned to the point of interest in the measured

deposit.

[0050] In an alternate embodiment of the invention, deposit properties may be

extrapolated outside the thickness contour by extending the ribs beyond the constant
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thickness contour of both the simulated and measurcd deposits in steps 608 - 609.
This extrapolation has application to predicting the lateral extent and properties of a

deposit when the deposit is too thin to be visible in seismic data.

[0051]  Using the method of steps 608 and 609, any propetty of the simulated
deposit and flow can be determined for the measured deposit. These properties
include, but are not limited to, size of the body, shape of the body, grain size
distribution at any point in the body, flow velocity above the body, suspended
sediment volume fractions above the body, flow height above the body, and any
combination thereof. Furthermore, deposit properties such as bedding type, which are
not explicitly treated in the simulation but are related by published or otherwise
known correlations and measurements to the explicitly simulated flow and deposit
properties, may also be inferred. Additionally, if the thickness of the measured or
simulated deposit can be determined for at least one location, then the measured

deposit thickness at all locations may also be determined.
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Table 1
Numeric
Parameter | Reference Definition of Parameter
in Figures
b 8 Hzﬁf—;/idﬂl of the inlet. The inlet is located at x=0 and y between b
and -b.
Height of the turbid water layer at the inlet, constant across the width
ho 26 .
of the inlet.
Velocity of the turbid water flow out from the inlet. The flow is
1 assumed to be in the positive x direction, and the velocity is assumed
0 to be constant laterally across the width of the inlet and vertically
through the height of the flow.
hix,y) 27 Height of the turbid water layer.
wxy) X-velocity component of the turbid water layer.
v(X,y) Y-velocity component of the furbid water layer.
T Time during which the deposit is built before it diverts the flow.
Ayt Time dependent elevation of the bottom topography.
A(x,y,0) 24 Elevation of the bottom topography before deposition.
AGy.T) 30 ?levation of the bottom topography after deposition for time period
i) Vertically averaged volume fraction of the turbid water layer
i consisting of sediment in the ith grain size bin.
Crxy) Total volume frgction of the turbid water layer consisting of
§ sediment. This is the sum of Ci(x,y) over all grain size bins.
G(xy) Grain size distribution in the deposit. Sum of G; over all isi= 1.
Ei(x,y) Erosion rate for the ith grain size bin
Dix,y) Deposition ratc for the ith grain size bin
i Parameter defined in Equation 5
Ry Parlicle Reynolds number
d; Grain diameter of the i-th grain size bin
dsp Median grain diameter in the flow at the inlet.
Pso 50% percentile of grain size in the deposit
Vgi Settling velocity of grains of diameter d; in still water
R Ratio of the density difference between the sediment and water to the
density of water
o Porosity of the deposit. Assumed to be 0.4
2 Empirical parameter used in Equation 1
c Empirical parameter used in Equation 1
g Gravitational constant, 9.8 m/s*
€y Entrainment coefficient.
F, Froude number
f Drag coefficient for erosion, typically 0.002.
3} Bottom drag coefficient for flow, typically 0.002.
q Scaling constant used in Equation 15
v Kinematic viscosity of water. Assumed to be 0.01 cmm’s.
Yo A constant assumed to be 2.
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CLAIMS
What is claimed is:

1. A method for predicting the properties of a sedimentary deposit, the method

comprising:

(a)  determining at least one contour of constant deposit thickness in the

sedimentary deposit;

(b)  determining at least one fluid flow property at the inlet of the

sedimentary deposit by using the constant deposit thickness contour;

{©) determining at least one property of the deposit for at least one point

inside the sedimentary deposit by simulating the fluid flow.

2. The method of claim 1 wherein the fluid flow is simulated through numerical

modeling by using the fluid flow properties at the inlet as a boundary condition.

3. The method of claim 1 wherein at least one flow property is selected from the
group consisting of flow velocity, suspended sediment volume fractions, deposition

time, flow height, and any combination thereof.

4, The method of claim 2 wherein at least one property of the deposit at any
point is determined by simulating the fluid flow which built the deposit using
information about the fluid flow properties at the inlet of the deposit obtained from a

constant thickness contour of the deposit.

5. The method of claim 1 wherein at least one property of the deposit at any
point is selected from the group consisting of the thickness of the sediment body, the
size of the body, the shape of the body, the grain size distribution at each point within

the body, median grain size, grain sorting, bedding type and any combination thereof,

6. The method of claim 1 wherein at least one flow property at the inlet is

estimated by assuming the sediment volume fraction in each size bin supplied at the
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inlet to be a known function of flow velocity and the function is determined by a
method chosen from the group conmsisting of: empirical correlations, grain size
measurements from nearby or related systems, computer simulation of the attributive

system, provenance studies, and any combination thereof.

7. The method of claim 1 wherein the contour of constant deposit thickness is the

mapview outline of the deposit.

8 A method for predicting at least one deposit property at any location within a
sedimentary deposit, the method comprising:

(@)  determining at least one contour of constant deposit thickness in a

measured deposit;

(b)  determining an inlet point and end point for the measured deposit from

the outline of constant deposit thickness;

(c) creating a backbone curve connecting the inlet point and end point for

the measured deposit and creating ribs perpendicular to the backbone;
(d)  cstimating the flow properties at the inlet of the measured deposit;

(e)  simulating the flow properties and deposil properties corresponding to

the estimated inlet flow praperties;
(0  determining the backhone and ribs of the simulated deposit;

(g)  repeating steps (d) through (g) until the rib lengths of the simulated
deposit are substantially similar to the corresponding rib lengths of the measured

deposit;

()  determining at least one deposit property along the ribs of the
simulated deposit, and assigning at least one deposit property along the corresponding

ribs of the measured deposit;
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(i)  determining at least one deposit property in at least one point in the

measured deposit based on at least one deposit property along the neighboring ribs.

9. The method of claim 8 wherein the grain size distribution at any point inside
the sedimentary deposit is determined by establishing grain size distributions along
the ribs of the measured deposit, and interpolating the grain size distribution at any

point inside the sedimentary deposit.

10.  The method of claim 8 further comprising detcrmining the thickness at any
point inside the sedimentary deposit by simulating at least one flow property.

11.  The method of claim 8 wherein the thickness of the deposit is determined by
dividing the thickness at the measured thickness contour by the thickness at the
calculated contour and multiplying the calculated thicknesses everywhere by this

scale factor.

12.  The method of claim 8 further comprising extrapolating the deposit properties
by extending the backbone and ribs of the measured and simulated thickness contours

outside the contours.

13. The method of claim 12 further comprising predicting the lateral extent of the
deposit.

14.  The method of claim 8 wherein at least one flow property is selected from the
group consisting of flow velocity, suspended sediment volume fractions, deposition

time, flow height, and any combination thercof.

15.  The method of claim 8 further comprising determining the properties of the

deposit at any point from simulating the fluid flow.

16.  The method of claim 15 wherein at least one property of the deposit at any
point is selected from the group consisting of the thickness of the sediment body, the
size of the body, the shapc of the body, bedding type, and the grain size distribution at

each point within the body, and any combination thereof.
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17. The method of claim 8 wherein at least one flow property at the inlet is
estimated by assuming the sediment grain size distribution at the inlet to be a known
function of flow velocity and the function is determined by a method from the group
consisting of: empirical correlations, grain size measurements from related systems,
computer simulation of the atiributive system, provenance studies, and any

combination thereof.

18.  The method of claim 8 wherein the outline of constant deposit thickness is the

mapview outline of the deposit.

19, The method of claim 8 wherein step (g) involves repeating steps (d) - (g) until
both the rib lengths and the deposit thickness at the contour are substantially similar.
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Determine a contour of constant thickness
\ 502
Determine the fluid flow properties at the
inlet based on the contour
y 503
Determine the internal properties of the body
by modeling the fiuid flow, using the fluid flow
properties at the inlet as a boundary condition
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601
Determine a contour of a sedimentary body
[ 602
Identify inlet and endpoint on the contour
\ 603
Determine the location of the backbone and
ribs in the contour
A 604
Estimate the flow properties at the inlet
Y 605
Simulate the flow properties over the deposit
and the deposit properties which would be
associated with the estimated inlet flow
properties
A 606
Determine the location of the backbone and
ribs on a simulated deposit
Y 607
Repeat steps 605 through 607 adjusting the
inlet flow properties until the rib lengths of the
simulated deposit are substantially similar to
the rib lengths of the measured deposit
Y 608
Assign the grain size distributions along the
ribs of the simulated deposit to the
corresponding ribs of the measured deposit
) 609
Determine the grain size distribution at any
point between the ribs of the measured
deposit through interpolation

FIG. 6
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