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Editor’s Remarks

This publication, COMPUTER CONTRIBUTION 24, is concerned with a "Mathematical model and
FORTRAN IV program for computer simulation of deltaic sedimentation". As stated by the authors, G.F.
Bonham=Carter and A.J. Sutherland, the purpose of the paper is to "...describe a mathematical model of
a simple fluvio~marine delta, .. .discuss a FORTRAN 1V program. .., and to illustrate the use of the program."

Although the delta model may seem complicated, it is relatively simple and represents conditions at
only a single river mouth. Obviously, all the complexities of delta construction and destruction have not
been considered. The program, however, is an excellent example of examining a geological process in depth,
simulating its action, and experimenting with it to learn of its different ramifications.

This publication is an important step in geology, because we have not been overly concerned with
simulation up to now. Other disciplines have been concerned, however, and simulation has reached an ad-
vanced state in business, physiology, medicine, social sciences, hydraulics, city planning, and military

science. According to J.W. Harbaugh and D.F. Merriam (Computer applications in stratigraphic analysis,
John Wiley & Sons, 1968, p. 212)

In geological simulation the general approach is to imitate major geologic
processes and to cause these processes to interact with each other through
time, producing symbolic geologic "products". The objective is to create
a mathematical or symbolic model that behaves realistically. We may re-
gard such a model as an experimental tool because we can change the con-
ditions under which it operates and observe its response.

As in many other applications of the computer to geologic problem solving, we can only guess the
potential this approach offers. Undoubtedly the possibilities are many. Time may show that this approach
is "the" one and that important problems which have faced geologists for many years are solvable after all.
It is hoped that the Bonham=Carter==Sutherland paper presented here will stimulate interest and in some small
way indicate to others the tremendous possibilities of the simulation approach.

For a limited time the Geological Survey will make the program available to those who would like
to experiment. Charge for the program deck is $15.00; if a punched=card deck is required an extra charge
of $10.00 is made to cover handling costs. A list of other programs and data decks available through the
Geological Survey is available by writing the Editor, COMPUTER CONTRIBUTIONS, Kansas Geological
Survey, The University of Kansas, Lawrence, Kansas 66044,



MATHEMATICAL MODEL AND FORTRAN IV PROGRAM FOR
COMPUTER SIMULATION OF DELTAIC SEDIMENTATION

By

G. F. BONHAM-CARTER and ALEX J. SUTHERLAND

ABSTRACT

DELTASIM is a FORTRAN |V program for simulating deltaic sedimentation at a single river-channel

mouth. A sediment=laden river flowing into a tideless,

currentless marine basin is modeled as a plane jet

discharging horizontally at the ocean surface. A velocity field is calculated using equations for open-channel
and plane-jet flow. Sediment behavior is treated statistically; nominal sediment particles are traced along
trajectories from the mouth as they spread laterally and settle vertically. The rate of sediment accumulation
is calculated for each cell of a horizontal accounting grid. Input parameters include channel dimensions,
water and sediment discharge, grain=size distribution and bottom topography . Experiments with a static simu-
lation model illustrate the depositional variation produced by changes in grain size, river depth, and slope.
The depositional area is narrow in plan view; in elevation, foreset slopes are a function of grain=size and
hydraulic parameters, and are normally less than 10. A dynamic model permits a delta platform to build
forward during several time increments, nominal particle trajectories adjusting automatically to the posi-
tion of the delta lip. Experiments illustrate the formation of bars building transversely across the river mouth
and the development of submerged levees close to the mouth at the margins of the main flow.

The computer program runs on an IBM System/360 model 67. Graphic displays in the form of CAL-
COMP plots form an important part of the program output.

INTRODUCTION

The purpose of this paper is to describe a
mathematical model of a simple fluvio-marine delta,
to list and discuss a FORTRAN |V program that em=
bodies the mathematical model in a computer simula=-
tion framework, and to illustrate the use of the pro-
gram with sample computer runs.

Computer simulation only recently has been
applied by geologists to sedimentation problems.
Harbaugh (1966; Harbaugh and Wahlstedt, 1967) de -
veloped a generalized marine sedimentation model
oriented toward the biological factors in sedimenta~-
tion. Harbaugh's model is probabilistic in structure
and makes extensive use of Markov processes. Briggs
and Pollack (1966) simulated the circulation of water
and deposition of evaporites in a restricted basin.
Their approach was a deterministic one, with basic
physical principles being used to determine a velo-
city field and to calculate brine concentration and
thickness of salt deposits. The present delta model
also is deterministic in structure. Transport and depo=
sition of suspended sediment at river mouths is mod=-
eled by determining a velocity field and allowing
sediment issuing from a river mouth to be sorted
according to hydraulic principles. Bonham=Carter
and Sutherland (1967) gave a preliminary account of
the model .

As with the Harbaugh and Briggs—Pollack
models, a grid mesh is used to subdivide the area in-
to a number of discrete cells. Each cell is treated
as a separate unit and contains values of attributes
such as water depth and sediment thickness. The

grid technique is useful for allowing complex surfaces
to be described closely by an array of numbers stored
in the computer. Most analytical mathematical
models are unable to represent complex surfaces, and
are restricted to those surfaces that may be described
by polynomial or trigonometric functions. Further-
more, a cellular gridwork, coupled with the neces-
sary programming steps, may be used as a massive
bookkeeping device. Each cell has inputs and out-
puts for the materials in the system and all trans-
actions must be recorded. Finally, the gridded
nature of the stored information is in an ideal form
for graphic display of maps and cross sections, using
either the line printer or digital plotting devices.
Graphic display is important for displaying geometric
relationships that are difficult to describe mathe-
matically, and for bringing the model to 'life' by
illustrating it in an easily interpreted form. A map
conveys information mucK more effectively than a
table. '

This model considers the hydraulic aspects of
sediment deposition at river mouths, and thus is
approaching the delta problem from the process point
of view. Rather than starting with field data regard-
ing the form and composition of a delta, from which
statistical interrelationships are derived and infer-
ences drawn regarding the processes, the processes
themselves are used as the starting point. By formu-
lating a model about the processes, simulation ex-
periments are used to determine the composition and
form of a 'delta" with different initial assumptions.
This approach thus focuses strongly on the processes
themselves.



Although the model does not have an imme-
diate application to most real deltas, because few if
any deltas are formed without modification by off-
shore energy factors, it does afford the geologist a
technique to explore the interrelationships between
the variables important in the constructive phase of
delta building. This is an essential step in the de-
velopment of more sophisticated and complex models.
Sediments deposited in deltas comprise an important
part of the sedimentary rock record, both quantita=-
tively and economically, and may form stratigraphic
traps for oil. Further insight into the formation of
deltas is important to geology, and computer simula-
tion is a technique that should be fruitful, particu-
larly when executed in combination with field obser-
vations and flume experiments.

Acknowledgments. =We thank J .W. Harbaugh,
R.L. Street, and C. Sonu for critically reading an
early version of this manuscript. The work was sup-
ported by the Office of Naval Research under con=
tract number N00014-67-A-0112-004 Task number
NR 388-081. Reproduction is permitted for any
purposes of the United States Government.

THE DELTA MODEL

Background Discussion

When a stream enters a large permanent body
of water, its velocity is gradually reduced to zero.
As a result, the sediment carried by the stream,
either as bed load or as suspended load, is deposited
largely near the channel mouth. These deposits
accumulate to form deltas. To simulate deposition
in this environment deterministically, it is necessary
to develop a mathematical model for both the velo=
city field and sediment diffusion.

Existing knowledge of coastline hydrodyna-
mics is confined essentially to conditions in estuaries
(e.g., lppen, 1966; Bowden, 1967), and to processes
related to waves and wave —generated currents (Ippen,
1966). Although estuaries may be filled with deltaic
sediments, tidal flushing action characteristic of
estuaries is not ideal for studying delta formation.
Furthermore, many major deltas in the world form
coastline bulges, as opposed to coastline indentations
typical of estuaries.

Diffusion of sediment from a river mouth is
similar in some respects to the diffusion of sewage
from an ocean outfall. The mixing phenomenon
occurring at the point of sewage discharge occurs by
the diffusing and mixing processes associated with a
turbulent jet (Wiegel, 1964). Equations for velo-
cities in a submerged turbulent jet discharging into
a fluid of the same density are given by Albertson
and others (1950). Both sewage outfall and river
discharge, however, present special cases. In the
former, the sewage ports are situated some distance
beneath the water surface, and a turbulent plume
rises toward the surface as a result of density differ-

erence. In the latter, river water, also of lower
density than sea water, discharges horizontally into
the ocean at the surface. Experiments by Horikawa
(1958), reported by Wiegel (1964), show that velo-
city profiles for a submerged jet are almost the same
as the lateral velocity distribution resulting from a
jet discharging horizontally at the free surface.

Bates (1953) was the first to discuss the pos=
sible significance of jet mixing for delta formation.
He pointed out that a river discharging into water of
equal density, such as a lake, would mix both ver-
tically and horizontally; this would be similar to an
axial jet. River water entering the sea, however,
would be buoyed up due to the density difference
between fresh and saline water, vertical mixing
between fresh and salt layers would be inhibited,
and the system would be similar to a horizontal plane
jet. Further, Bates (1953) suggested that the posi-
tion of submerged levees and distributary mouth bars
are governed by the structure of the jet velocity
field. In the present model, Bates' plane jet hypo-
thesis is modified to include the velocity variation
with depth in an open channel; it is extended also
by considering the diffusion of sediment in this ve-
locity field.

Mathematical Model

A river of fresh water with depth D and width
B discharges into a body of saline water as shown in
Figure 1. The velocity profile in the river V(Z),
river geometry and bottom topography of the salt
water basin are assumed known. For a given mean
velocity V in the river and a specified sediment
discharge Q the depositional pattern in the basin

is computed.

Although waves are an important factor in
controlling delta formation (sufficient wave energy
will completely inhibit delta building) the possi-
bility of wave action in the basin is not considered.
It is important to understand the constructive fac-
tors in delta building before including the destruc-
tive ones. The effect of longshore currents together
with the influence of tidal and seasonal variations
in river and sediment flow also are neglected. The
latter effects could be added to the basic model as
refinements.

The river, as it enters the basin, is compared
to a jet discharging from a slot of width B. It is
assumed to be composed of a series of plane jets
(parallel to the XY -plane), placed one on top of
another in the Z~direction with the initial velocity
in each equal to that in the river at the same eleva-
tion. Thus the distribution of the X-component of
velocity in the jet, U(X,Y,Z), at X =0 is indepen-
dent of Y and equal to V(Z).

In the river the shear velocity and the char-
acteristics of turbulent mixing process combine to
determine the velocity profile. In the basin, as the



jet expands, both the shear velocity and turbulent
mixing characteristics change. They do so in such
a manner as to steepen the velocity profile and re-
duce the flow velocities near the interface, [Z=0,
X>0]. However, it is assumed that the shear velo-
city and turbulent mixing characteristics are con-
stant in the jet and equal to those in the river. This
assumption is good for rivers where deposition occurs
close to the mouth and is exact for the zone of no
diffusion. It is less satisfactory for fast=flowing
rivers containing fine—grained sediment that is car-
ried far from the mouth before settling. With the
above assumption, the velocity profiles U(X,Y,Z)
in the Z-direction for each X and Y must be given
by V(Z) multiplied by a function of X and Y only.
TKis function depends on the jet spreading and is
computed using the results of Albertson and others
(1950) on the diffusion of submerged plane jets.

Another important assumption, necessary as
a result of the plane jet assumption invoked above,
is that mixing between the two fluids at the inter-
face may be neglected. Two factors combine to
insure that interfacial mixing is indeed minimal. As
a result of the velocity profile in the river, velo-
cities in the jet near the interface are small. In
addition, the density difference at the interface
tends to inhibit vertical mixing in this region. The
model is not, therefore, realistic for rivers discharg-
ing into bodies of fresh water. Mixing occurring on
the edges of the jet is not affected by the density
difference because mixing takes place mainly in a
horizontal plane.

Any sediment particle that reaches the inter-
face is assumed to settle vertically to the bottom of
the basin where it remains. Particles tend to settle
vertically because their horizontal velocity, which
is small at the interface, is rapidly reduced to zero
by the viscous drag in the lower fluid. Thus no sedi-
ment enfrainment can occur once the river enters
the basin, and the sediment load in the jet must be
continuously reduced. This assumption also places
a restriction on the bottom topography of the basin;
it cannot be so steep that the sediment will tend to
slide and form a turbidity current.

The model will be formulated in terms of
dimensionless variables using the slot width and the
mean velocity in the river as reference quantities.
Thus, let x=X/B, y=Y/B, z=27/8B, d =D/B,

v, = U*/ V, and u =U/V where U* is the shear velo-

city in the river.

Velocity Fields

In the river, the velocity profile is assumed
to be that of flow in a two=dimensional channel

V@Z)=V + Uk (1 +1nZ/D),

where k is the von Karman constant and In denotes

logarithm to base e. Velocities near the river banks
are thus overestimated. A value of 0.4 is used for k
although some evidence for smaller values of k in
sediment=laden streams has been presented (Vanoni,
1946). In dimensionless variables the profile is

V)N = f](z) =1+ u*/k (I +In z/d). (1)

In the basin the streamwise velocity can be
predicted from the results of Albertson and others
(1950) on plane jets. They distinguish three zones in
the jet as shown in Figure 2. In the zone of no dif-
fusion we have

U(xl)'lz) = F] (Z)'

In the region denoted by 2 in Figure 2, we
have, for a constant value of z,

- 42.3[0.096 + (y=0.5)/x12
(2)

ulx,y,z) = f,(z) exp
=f0) fy (x,y). )

In the zone of established flow Albertson
and others (1950) show that for a fixed value of z,
/2 exp

U6y ,2) = 1) x| 0.828 - 42.3 242 |

=f, (@) 5 () 3)

Sediment Discharge

For sediment used in experiments illustrated
here, it is assumed that the grains are quartz with
specific gravity 2.65. Nonuniform grain-size distri-
butions can be treated by considering the different
size fractions separately and superimposing the re-
sults. The program is designed to handle four size
fractions simultaneously, but could be modified to
handle more. The sediment normally is characterized
by its settling velocity in still water, in which case
neither the particle size nor its shape need be known.
To use the model for a sediment of given size and
shape, the settling velocity must be found by, for
example, reference to charts published by the Task
Committee (1962). If desired, a program option
allows sediment to be characterized by its diameter
and specific gravity, the settling velocity being
automatically calculated by Rubey's formula (1933),
which gives only approximate results and assumes
that the grains are poorly rounded. For river—borne
sediment, however, the settling velocity calculated
by this method may be more representative than that
obtained from tables which assume perfectly spheri-
cal grains. The most satisfactory course is to measure
the settling velocity for each size fraction and there-
by remove any uncertainty.

In the river the concentration ¢, of sediment
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with settling velocity w,, at any elevation z from

the river bed in terms of the concentration <, at
elevation a is given by

c  _ d-z
—c—_[z

g—a:q—lp , (4)

where p = ws/Bku* (Vanoni, Brooks, and Kennedy,

1961). The quantity B is a numerical factor defined
as the ratio between the diffusion coefficients of
sediment and momentum, respectively. lts value
has been determined by experiments in open channels
by Vanoni (1946) and in a submerged jet by Singam-
setti (1966). There is no firm agreement as to the
value of B and indeed one would expect it to differ
with the type of turbulence present in the particular
situation. Studies have shown that B is close to 1.0
and has some dependence on grain size. Singamsetti
(1966) reported values up to 1.4 for coarser sedi=
ments.

The suspended=sediment discharge/unit
width in the river between elevations z. and z. is
given by : l

d-z _a P dz.
a

z.
S(Zil Zi)=.£|f'|(z) CCI[ Z d-
i

Defining F(zi , zi) as the fraction of the

total sediment discharge passing between elevations
z, and 2, we have

zi‘/'zi f (2) [ d=z)/z1P dz
SUE @) 2P dz
€

()

The elevation z = ¢ is infroduced because the velo-
city profile f, (z) is not valid to the boundary. The

parameter e then must be of the order of the sub-
layer thickness in the river and has been taken ar-
bitrarily as four times the particle size. It is as=
sumed that any sediment load below z = ¢ does not
contribute significantly to the formation of the delta.

Computation of Particle Trajectories

For computational purposes, the transverse
section of the river mouth is divided into a number
of cells by means of a vertical grid (Fig. 3). All
sediment which passes through a given river-mouth
cell is assumed to follow the same path as would a
nominal particle that had the coordinates of the cell

center at x = 0. Hence, each cell is assumed to be
the end of a streamtube, the axis of which is defined
by motion of the nominal particle, and along which
all sediment passing through the particular cell will
travel. The tube for a cell with center coordinates
(x,y,z)=(0, yo,zo) is shown in Figure 4. Certainly

turbulence in the jet will result in interchange of
sediment from one tube to the next; thus the actual
sediment grains that enter a particular tube may be
replaced by other grains from adjacent tubes. In a
statistical sense, however, one may consider that
the net number of grains passing through a unit length
of tube during a unit of time remains constant. The
same assumption is made when computing sediment
discharge in natural rivers; in this case the sediment
discharge is constant along a reach although there
is a continual interchange of particles between the
flow and the bed. The trajectory of the nominal
particle thus will be used to represent the average
trajectory of all particles passing through the cell.

' The y-coordinate of the particle trajectory
is computed from the plan view. In the zone of no
diffusion (zone 1), the nominal particle follows a
straight path parallel to the jet centerline until it
meets the boundary between zones 1 and 2 at point
(xd, yo). From similar triangles (see. Fig. 4),

x,=5.248 (1 - 2y). 6)

Next, yqis computed in terms of Y0 by

using an argument based on conservation considera=
tions. At x = 0 the sediment discharge through a
rectangular element, A, of thickness tgs unit width

and elevation zq is qSO = f] (zo) c(zo) to and the
fraction ng of this total which passes between the

planesy =0and y = yg isng =Yg (Fig. 5).
The velocity profile at x = 5.248 can be

written in Gaussian form with standard deviation
o (Albertson and others, 1950). The sediment con-

centration is assumed to be Gaussian also, but with
a standard deviation o, This has been confirmed

for an axisymmetric jet by Brush (1962) and Singam-
setti (1 966{. At x = 5.248 the sediment concentra=
tion profile is assumed to be

2,, 2
o | 72202},

c=c¢C
max

where Cmax |5 the sediment concentration on the jet
centerline. Let t] and z be the thickness and the
centerline elevation at x = 5.248 = X of the element

formed by all streamtubes which started at x = 0
within element A. Total sediment discharge through
these tubes at x = Xy is thus
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Figure 3.~ Orientation of computational grids at river mouth. Nominal particle trajectories are shown for

uppermost row of cells in river-mouth grid.

_ pt® =2 /o 2|
qS] = J;oou(x], Y, z]) € max &P Y /2(7S ffldy

The fraction of this total passing between y = 0 and
Y =Yy therefore is

21y g

1y
]dy

4 ~2
_ IO]U(X]’Y’Z])Cmox exp) Y /20s %
2]
s

M

2
f_:ou(x] ,y,z]) € max &XP z‘y /207 [t

This can be simplified by using equation (3) and the
Gaussian form of the velocity profile,

2,h 2
f3(x.| ) Y) = f3 (X] , 0) exp% Ty /2°m %
The result is

y
i Sy exp% -y%/2 (/o2 +1/6%) ;dy

M -

20y "exp| = v%/2 (/5% +1/57) |dy

Defining P 1/2 ('l/oz‘ + 1/03), we find that
ny = 1/2 erf(ry]) where erf denotes the error func-
tion. Statistically, if x, > 5.248, no sediment has

been lost from the tube defined at x = 0 by the
planes y =0 and y =y and at x = 5.248 by the

p|onesy=Oandy=y]. Ifxd<xt<5.248, it is

assumed that spreading in zone 2 will occur at the
same rate as the case where X, > 5.248 (see Fig. 4).

If x, <Xy, it is not necessary to calculate Yy Thus,
for all X, > Xy the two fractions computed above,

ng and Ny, must be equal. Therefore,

vo = 1/2erflry)), 7)

from which yq can be found if o, and o  are known.
Albertson and others (1950) show that o for x =

5.248 is equal to 0.572. Singamsetti's (1966) re-
sults show that o =J—[§ o inasubmerged round jet.

For the plane jet the authors assume o, =Bo. If
B =1, as for all experiments described herein, o =

o and the assumed relation is correct.
The y=coordinate for any value of x on the
trajectory can now be written as (see Fig. 2),

in zone 1: y=y0wherex<xd, (8)
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Figure 4. - Particle trajectory and streamtube geo-
metry. Plan and elevation views show nomi-
nal particle trajectory (dashed line) at center
of its streamtube.

in zone 2:

B (Y]—Yo) (X'Xd) s
5.248 - x Yor ©)

d
where xg<x< 5.248, and

in zone 3: Xy
= 1
577248 (10)

In deriving equation (9) it is assumed that the
trajectory, in plan view, is straight throughout zone

where x > 5.248.

It remains to determine X4 coordinate of the

terminal point in the trajectory. Referring to the

elevation view in Figure 4 the slope of the trajec-
tory dz/dx is given by w/u where w is the instan=
taneous velocity component of the particle in the

z-direction, and

U= f-l (Z) []1 fz(xl)')r f3 (XIY)]I

where the terms in the square brackets apply in
zones 1, 2, and 3, respectively. Integrating along
the trajectory, we obtain

5.248
SE f2)dz=[/1d wdx + [ wdx/f,(x,y)
zq 1 0 Xy 2

X
+ ST wax/ix,y) T,
5.248

where ¢is the small parameter introduced previously.
Equations (?) and (10) are used to eliminate y from
the integrands in the second and third integrals on
the right.

The velocity w is composed of two portions,
a mean value equal to the settling velocity and a
fluctuating component caused by the action of tur-
bulence. At each point on the trajectory, the
probability that the particle will receive an upward
impulse from the turbulence is equal to the probabil-
ity that it will receive a downward impulse. Hence,
if one averages over all particles passing through
a particular point, the mean vertical velocity com-
ponent will be equal to minus the settling velocity.
This also must be the velocity of the nominal particle
which defines the trajectory. Jopling (1964) pre-
sents some experimental evidence that justifies the
use of the settling velocity as the mean vertical
velocity of the nominal particle. Thus, x, is given
by the equation

. " 5.248
‘fe 0 F](z) dz = fod wsdx + ‘4d wsdx/Fz(x,y)
Xt
+Jf w dx/ f3(x,y) @an
5.248 °

Given the coordinates (yo, zo) of the starting point

of the trajectory, equation (11) can be solved for
X, (see Appendix B). From X,, ¥, can be computed

using equation (8), (9), or (10).

Figure 5. - Sketch to illustrate rectangular element,
A, in vertical section at river mouth.



THE STATIC MODEL

Background Discussion

The simulation model can be described in two
parts, static and dynamic. At a certain moment in
time, all variables in the model have fixed states;
under these conditions the model is static. If, how-
ever, more than one moment in time is considered,
several model states are linked successively so that
some of the output variables from one state become
input variables to the next state and in this way the
model becomes dynamic.

In the computer program described here, the
static and dynamic components are inextricably in=
terwoven. For illustrative purposes, however, it is
useful to consider the two separately.

Basic to the structure of both static and dy=
namic components is the accounting system. All
sediment entering the model travels through the cells
of the vertical (y,z) river grid, is traced along set=
tling trajectories using jet coordinates (x,y,z), and
settles into the square cells of the horizontal (x,y)
accounting grid, whose cells are labeled | for row
number, J for column number. The relationships
between these coordinate systems are illustrated in
Figure 3.

It may be argued that many of the calcula=
tions performed in the model may be worked with a
desk calculator, the few numerical integrations ap-
proximated by making some assumptions no less gross
than those made for the model itself. Although this
is true, and several such calculations have been made
to check the program, the power of the computer is
such that these calculations can be performed many
times in a few seconds. By manipulating the input
parameters, the configuration and composition of the
resulting delta deposits can be calculated and re-
peated many times. Thus, the simulator can obtain
an experimental 'feel' of this complex system in a
manner that would be impossible even with a detail-
ed knowledge of the governing equations.

Almost infinite numbers of simulation experi=
ments are possible using this model, considering the
large number of possible combinations of input param=
eters. The following experiments illustrate some as-
pects of the static model.

Experiments and Results

Three series of experiments, each consisting
of three runs, are illustrated in Figures 6, 7 and 8,
and Table 1. In each series a single variable has
been altered. The first run in each series is identi=
cal to facilitate comparison. For every run, a map
drawn on the CALCOMP plotter shows the positions
of the terminal coordinates of the nominal particles.

The effect of changing grain size with the
hydraulic parameters held constant is investigated
in Series | (Fig. 6). Effect of higher stream veloci-

Variation of Grain Size

5?0 METERS

Hact

Figure 6.= Static model Series |, Run A (top), Run

B (center), Run C (bottom), showing varia-
tion due to grain size; see Table 1 for de-
tails of parameter values. These maps, and
similar ones that follow, show dots plotted
at terminal coordinates of nominal particle
trajectories. Maps are plotted automati=
cally by a CALCOMP digital plotter.

ties is shown by the results from Series Il and Ill. The
stream velocity is increased in Series Il (Fig. 7) by
increasing the river slope and in Series Il (Fig. 8)
by increasing the depth. In both cases, a grain
diameter of 0.3 mm has been used. Although an
increase in depth does not produce such high velo-
cities as does an increase in slope, the depositional
area is extended farther in the former instance be-
cause particles have to settle through a greater depth
of water.

Figure 6 illustrates the ability of the model
to sort sediments according to size. Near the mouth,
where both coarse and fine grains are deposited,
the sorting is poor. Thickness of the resultant de=
posits indicates that in this region the coarse frac-
tion is dominant. As distance from the mouth in-
creases, the average grain size in the deposit is
reduced and the sorting is improved. Far from the
mouth only fine=grained sediments are found.

In elevation, not illustrated graphically,
the sediment surface is essentially horizontal. If
the original bottom slope of the depositional basin
is discounted, the angle of the 'foreset' slope is
about 1/2°, This slope steepens slightly with an
increase in grain size or decrease in stream velocity,



Table 1.~ Values of parameters for static model experiments.
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but is always less than 1° in these experiments. The
original bottom slope is additive to this depositional
slope, so foresets may be more steeply inclined, de-
pending on the original basin geometry. Experimen=
tal values compare reasonably well with foreset slopes
from the Grand Rhone distributary (20), off the main
passes of the Mississippi (about 10), and off the
Orinoco (1/4°), cited as typical of the range of
foreset slopes of major deltas by van Straaten (1961).
Along the jet centerline, thickness decreases evenly,
without any tendency for a transverse mouth bar to
form. Normal to the jet centerline, deposits are
nearly flat=lying, except at the edges where thick-
ness decreases rapidly. Near the mouth, these mar-
ginal slopes are much deeper than the angle of re-
pose; sliding and slumping probably would occur in
nature , but such processes have not been represented
in the model. Using the static model, there is no
tendency for marginal banks or levees to form.

In these experiments, the plan view of the
depositional area is very narrow. This is a direct
result of the slow rate of lateral spreading in a jet.
The depositional area of most deltas is generally
thought to expand more rapidly at the river mouth
than does that of the model. At least two additional
factors may be responsible for this difference:

(1) In nature, a transverse bar forms across the mouth
obstructing the main flow, thereby causing some of
the current to diverge laterally, as discussed in the
section below on the dynamic model; and (2) the
main flow of real rivers probably oscillates from
side to side due to minor shifts in the channel. To
simulate such oscillation, a program option allows
the jet to be rotated about the coordinate origin
through a number of 'fan' positions on either side of
the main channel axis. The angle of each fan posi-
tion is determined by using a normally distributed
random number, with zero mean and specified stan-
dard deviation.

Figure 9 illustrates a run in which the hy-
draulics and grain-size parameters are identical to
those in Series Ill, Run C. In addition, the jet has
been rotated through ten random positions which has
produced a fan=shaped deposit. The uneven distri-
bution of points could be overcome by increasing the
number of random rotation positions.

THE DYNAMIC MODEL

Background Discussion

It is characteristic for delta=building rivers
to bifurcate repeatedly in the downflow direction to
form an anastomosing pattern of distributary channels.
However, this delta model is restricted and considers
depositional conditions at only a single channel mouth.
Channel splitting sometimes is related to bank break =
through (van Straaten, 1961) forming a crevasse in
the natural levee. However, bifurcation is associated
more commonly with the formation of a transverse bar
across the channel mouth as described by Welder (1959)
for the Cubits Gap crevasse on the Mississippi delta,
by Axelsson (1967) for the Laitaure delta in Sweden,
and by several other writers.

Typically, an undredged distributary mouth
is characterized by a bottom that shoals gradually in
the downstream direction, reaching its shallowest
point over the 'distributary mouth bar', Upstream
from the mouth, river banks are higher than the
surrounding surface due to the formation of subaerial
levees during flood stage. Downstream from the
mouth, subaerial levees seemingly continue as sub=
aqueous levees that become less prominent with dis-
tance from the mouth and finally merge into the
distributary mouth bar. Channel bifurcation may
result if the mouth becomes sufficiently shallow to
block the channel, causing it to divide; two new
'mouths' are scoured on either side of the bar. In



Variation of River Slope

o 280 560 METERS

Figure 7.~ Static model Series II, Run A (top), Run
B (center), Run C (bottom), showing varia=
tion due to river slope.

time new distributary mouth bars may form, ultimate-
ly causing bifurcation once more. Mouth bar forma-
tion has been ascribed to a number of processes, as
described by Welder (1959), Mikhailov (1966), and
Axelsson (1967). Among other factors, clay floccu=
lation and wave action seem to be important in some
instances, but a reduction in the carrying capacity
of the stream is probably the most significant factor
involved. In proposing the jet theory Bates (1953)
suggested that no deposition takes place in the zone
of no diffusion and that subaqueous levees form at
the margins of this zone. He further suggested that
a bar will build at the end of the zone of flow estab-
lishment. Bates supported this argument by citing
several rivers with bars that shoaled between four
and eight slot widths from the mouth.

The static model experiments show no tenden-
cy for the formation of either bars or subaqueous
levees. Levee growth might be expected if a large
number of sediment particles were to reach the low
velocity region at the margins of the jet. If the
sediment diffuses at the same rate as momentum
(B=1.0), lateral spreading is slow, and sediment
reaching the sides is insufficient for levee growth.
By increasing B, the angle of spreading is increased,
and there is a slight tendency for levees to build.
This will be discussed further elsewhere.

Bars do not form in the static model because
the rate of deposition along the jet centerline
slowly decreases with distance from the mouth. This
is due partly to the spreading of the jet and partly
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to the shape of the sediment discharge profile in an
open channel. Sediment discharge normally in-
creases as the elevation above the river bed is re-
duced. However, under certain conditions (very
fine grained sediment and rapid channel velocities)
the sediment discharge decreases toward the bed in
which case the greater part of the sediment load is
carried nearer the water surface. This factor might
result in bar formation in rare situations. This also
will be discussed further elsewhere. Both subaque-
ous levees and mouth bars can be built, however,
by incorporating a dynamic response into the simu-
lation model.

Contrary to Bates' (1953) statement, sedi-
ment can be deposited in the zone of no diffusion
under certain conditions. Physically and also from
static model experiments, sediment may be deposited
if the basin floor onto which the river discharges
slopes away from the river mouth. Contact between
the sediment surface and turbulent stream is lost as
the salt water interface is reached. Thus, sediment
can no longer be entrained and particles will de-
posit causing the sediment surface to build upward,
despite the fact that the current velocity is the same
as that in the river. However, shoaling of the bot-
tom is limited by the tendency for channel erosion.
In the zone of no diffusion, where current veloci=
ties are the same as in the channel, water will not
become shallower than the original channel depth.
Upward limit of growth of the sediment surface will
be referred to as the Limiting Depth Surface (LDS).

Variation of River Depth

] 280 560 METERS

Figure 8.~ Static model Series IIl, Run A (top), Run
B (center), Run C (bottom), showing varia-
tion due to river depth.



Fan Produced by Rotation

o 280 560 METERS

Figure 9.~ Depositional fan produced by rotating
axis of river jet in horizontal plane.

Outside the zone of no diffusion, current ve=
locities drop below the initial river velocity and the
bottom may become shallower than the channel depth.
The LDS, being the result of an equilibrium between
depositional and erosional tendencies, must be re=
lated to the velocity field. The form of this relation
is unknown. For the purpose of this study, it is arbi-
trarily assumed that the LDS is related proportionately
to the local plane-jet velocity. More precisely, the
[imiting depth in each cell is defined to be equal to
d[1, f2(x,y), f3(x,y) 1, where the terms in the

square brackets are applicable in zones 1, 2, and 3
(see Fig. 2) respectively.

The rate at which the LDS will be reached by
deposition will differ with position in the accounting
grid, with grain size and with different hydraulic
conditions. Normally, however, cells around the
river mouth will fill most rapidly. As soon as a cell
is full, it becomes part of the delta 'platform'. The
outer edge of the platform, as defined by the boun-
daries of the full accounting cells, is referred to as
the delta 'lip' (Fig. 10). Nominal particle trajec=
tories must be horizontal as they pass over the delta
platform and will begin to bend downward as they
cross the lip.

When the delta platform has advanced beyond
the margins of the zone of no diffusion, the sediment
surface can build above the original river depth and
will begin to obstruct the flow in the 'fresh water!
layer. Current velocities will no longer be given
correctly by the velocity field defined earlier. Pre-
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sumably, the effect will be either to force a greater
proportion of the flow laterally and increase the
spread, or if spreading is inhibited by deposits along
the margins, to channel the flow and increase the
velocity over the bar. Thus, the differential rates
of accumulation in front of and along the sides of
the zone of no diffusion may be of considerable im=
portance in controlling the tendency for bifurcation.

Because the velocity field is disrupted by the
continued rise of the sediment surface, the velocity
equations developed above are no longer reasonable.
For the purpose of this study, it is assumed that the
velocity field is unchanged so that the delta plat-
form can be allowed to build outward for as many
time increments as seem desirable.

Experiments and Results

Two experimental runs are illustrated (Fig.
11 and 12). In the first, the experimental condi-
tions are identical to those for Series |, Run C of
the static model. The accounting grid—cell size
is set at one river width. In the second experiment,
the grain diameter is increased to 0.4 mm, holding
all other parameters constant, so that all deposition
takes place in the zone of flow establishment. Reso-
lution of the accounting grid is increased by de-
creasing the cell size to one=fourth the river width.
In this way, deposition near the mouth can be more
closely monitored.

The first experiment shows the formation of
two transverse mouth bars, demonstrated on the

+ + +

| delta lip
at margin
of delta
platform

accounting

//grid

Figure 10. - Definition sketch of delta platform and
lip in relation to river mouth and accounting
grid; + indicates that cell is 'full', i.e.,
contains sediment up to its LDS value.



L 0 210 ]

—
L METERS _|

[

Figure 11a.- Dynamic model, first experiment. Particle maps from selected time increments show advance
of delta platform (solid) and formation of transverse bar. This is indicated by high density of points
round the nose of depositional area in later time increments.
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Figure 11b.~ Dynamic model, first experiment. Vertical stratigraphic section along column 3 of accounting

grid, facing right, after 10 time increments.
plotter.

stratigraphic section in Figure 11b. The bar closest
to the mouth is produced by a gradual shallowing of
the LDS from the end of the zone of flow establish-
ment. Limiting depth values have restricted the
upward growth in this region. The second bar is
formed by an increase in the rate of deposition near
the distal end of the depositional area. Here current
velocities have decreased significantly, steepening
the trajectories for nominal particles from the upper
part of the channel. As a result, the density of term-
inal points of nominal particles has increased around
the 'nose' of the depositional area (Fig. 11a). This
increase in density corresponds to the increased rate
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Diagrams drawn automatically by CALCOMP digital

of deposition that has produced the secondary bar.
The accounting=grid resolution in this experi-
ment is too coarse to determine whether submerged
levees are forming. The delta platform is never more
than one cell wide, so that depositional variation
close to the mouth cannot be investigated in detail.
The second experiment permits a closer ex=
amination of deposition in the zone of flow estab-
lishment. Development of the delta platform can
be followed from the particle maps (Fig. 12a). These
maps show no increase in particle density at the
flow margins that might indicate levee formation.
Nevertheless, vertical stratigraphic sections trans=
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Figure 12a. - Dynamic model, second experiment. Particle maps for time increments 2, 4, 8, and 10.

verse to the principal flow axis show that levees are
forming by the buildup of sediment in cells along the
delta margins (Fig. 12b). The upward growth of
levees is restricted by the LDS. In this experiment,
no transverse bar can be formed because all deposi-
tion is in the zone of flow establishment where the
LDS coincides with river depth.

COMPUTER PROGRAM DELTASIM

Introduction

Figure 12b. - Dynamic model, second experiment.
Vertical stratigraphic sections along rows 1,
2, 3, 4, and 5 of accounting grid after 12
time increments. Note formation of sub-
aqueous levees.
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This program initially was written in FOR=
TRAN IV for an IBM 7090 at Stanford University,
but subsequently modified to run on an IBM System
360/model 67. A CALCOMP plotter is used to plot
particle maps and draw stratigraphic cross sections,
but otherwise all output is printed. 1/0 units 1, 2,
3, 4, and 13 are used for intermediate scratch sto-
rage. Flow and direction of control between sub=
routines are illustrated in Figure 13, and a section
of short notes describes the function of each sub=
routine. The program is listed in Table 2.

Short Notes on Subroutines

This section is in conjunction with Figure 13
and the program listing.

Subroutine MAIN

This subroutine is merely a program driver,
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and calls CNTROL.

Subroutine CNTROL

NO O bhWN —

reads input parameters (see input instructions)
calls CHANEL

prints channel characteristics (see Table 4)
calls SURFAC

calls FANJ

calls DPOSIT

plots X=sections by calling DRWSLC

Subroutine CHANEL

A W O N—

computes channel parameters

finds maximum distances of travel along jet cen-
terline for each particle size

scales a/c grid to fit depositional area if
GRID.GT.0 (see input instructions)

calculates total sediment discharge for each grain
size, if not already supplied as data, storing the
result as (SEDLOD(L), where L is an index de-
noting grain size number)

calculates sediment discharge for each row of
river grid for each grain size storing the result
as (DISC(L,KK)), using ROMBUG and FINT
solves left-hand side of equation 11 for each
row of river grid storing the result as HYT(KK)

Subroutine DPOSIT

1.

— 0 [eo BN o O W N

sets up major DO ~=loop which is entered once per
time increment

calls TRAJEC

sets up DO~loop which is entered once for each
cell in river grid

calls TRMNUS

returns to (3) until all cells complete

sets up new loop which is again passed through
for each cell in river grid

calls PEPPER

enters loop which is completed for each fan
position

calls COORD

. increments temporary a/c grid cell by appro-

priate quantity of sediment.

. repeats 9 and 10 for the mirror image in the

other half of river grid

. returns to 8 until all fan positions complete
. returns to 6 until all river grid cells complete

. calls SMOOTH if NSM.GT.0 (where NSM is

described in the input instructions)

. calls DELTIM

. updates water depth array, DEPTH (I,J)

. writes out sediment budget (see Table 12)
. calls MAPS

. returns to (1) for each time increment

. calls DELTIM

15

Subroutine TRAJEC

1. if this is the first time increment, calculates
Xy (equation 6) Yqr Yo (equation 7) for each

column of the river mouth grid.

2.  calculates position of delta lip for particles
issuing from each column of river grid storing
the results in (XLIP(K), YLIP(K))

3.  calculates maximum values of the first two
integrals on right side of equation 11; note
that the lower bounds change as the delta lip
advances; values for each column stored in
SUMZND(K), SUMZFE(K)

4.  writes out a table of trajectory constants, one
row of constants for each column in the river
mouth grid (see Table 11)

Subroutine SURFAC

calculates a value of LDS which is stored in
(DEPLIM(I, J)) for each cell in the a/c grid

2. if KSRF.LT.1, the stream depth is set in each
cell of the a/c grid

3. if KSRF.GE. 1, the LDS value is made a func—
tion of the local velocity; a total of KSRF
points are calculated (on a line normal to jet
axis) and averaged for each a/c grid cell

Subroutine TRMNUS

1. calculates Xer Vs the terminal coordinates of
a nominal particle, given the cell indices in
the river grid (see Appendix B)

Subroutine COORD

1. if KON =0, jet coordinates (x,y) are trans=
formed to a/c grid coordinates (I,J)

2, if KON.GT.1, a/c grid coordinates are trans=—
formed to jet coordinates

Subroutine DELTIM

1.  finds indices of a/c grid cell that will fill to
its LDS value more rapidly than any other cell

2.  calculates the length of time required to fill
this cell which becomes the length of the time
increment (DT)

3. stores indices of cell calculated in 1, (ISAVE
( ), JSAVE( ); this cell now is part of delta
platform

4.  if this is the last fime increment, the history

of delta growth is printed, using the ISAVE
( ) and JSAVE( ) values

Subroutine PLTPNT

The CALCOMP subroutines called by PLTPNT



and DRWSLC are described in a Stanford Computa-

tion Center library program write=up, April 1967,

obtainable by writing to the Systems Documentation

office, Stanford Computation Center at a charge of

50 cents. The calls are similar to those in use at

other computing centers.

1. if L=1, labels and draws grid, and places an

X in the delta platform cells

2. if L = 2 plots a point on this grid, given the
coordinates (U,V); these are scaled automa=
tically to floating point inches (see Fig. 6,
7, 8and 9)

3. if L =3, terminates this picture by moving
plotting origin forward

Subroutine FACIES

If an accounting grid cell contains a sediment
thickness comprising two or more size fractions, it
is desirable to classify the sediment according to its
composition. In order to do this, several standard
facies may be set up, whose compositions are read in
as data. Sediment in an a/c grid cell is then
matched compositionally to the standard facies,
classified according to which standard is 'closest!
and assigned the appropriate alphameric symbol
for plotting. Distance coefficients are used as
measures of similarity (Fig. 15).

Subroutine SMOOTH

1. smooths by column or by row, whichever is
parallel to the axis of jet flow

2.  smoothing along a row or column is done by
simple running averages, in groups whose size
is specified by NSM (see input instructions)

3.  cells containing zero sediment are treated as
though they were the end of a row or column;
thus the depositional area is not 'smeared' at
the edges

Subroutine FANJ

1. enters loop; once through per fan position

2. calculates position of fan (FANANG) by
drawing random number from Gaussian distri-
bution, p = 0°, ¢ = FANDEV9; if FANANG.
GT.FANLIM, draws another number

3.  calculates duration spent in this fan position
in years; made proportional to height of
Gau;siion curve — (EXP(FANANG/2.0«FAN-
DEV

Subroutine DRWSLC

1.  determines scale factors, vertical exaggera=
tion and size of plot, according to input
options

2. plots headings and frame of X-section
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plots sea level

plots original bottom profile

enters loop once for each time increment
calculates position of bottom profile for that
time increment

. plots bottom profile

returns to (5) until all time increments ex-
hausted

oON OObhW

Subroutine MAPS

1.

prints sediment thickness maps for current
time increment, for each size fraction (see
Fig. 14a,b,c)

2.  prints facies map (Fig. 15)

3.  prints depth of water map (Fig. 16)

Subroutine PEPPER

The most lengthy calculations made by this
program involve the solution of the equation de—
scribing each particle trajectory. However, unless
a large number of particles are used, the resulting
sediment 'surface' in the accounting grid becomes
very uneven (subroutine SMOOTH helps to improve
this). In order to minimize the number of calculated
trajectories, yet maintain a large number of points,
each nominal particle is used like a 'pepper pot' to
generate a number (IEXTRA) of points that are posi-
tioned randomly in a rectangular area around the
original point. The four margins of this rectangular
area are placed midway between the original point
and the four neighboring 'original' points, one on
each side.

Subroutine ROMBUG

Romberg integration method translated from
a Stanford ALGOL procedure by R.S. Dobson; uses
an external function (DUMF), lower and upper
limits and a tolerance.

Subroutine FINT

Function specifying a sediment concentration
for any height above the bed of an alluvial channel.
This function used by CHANEL and ROMBUG for
calculating discharge between given channel eleva-
tions.

Subroutine RANDU

IBM 360 Scientific Subroutine Package rou=
tine for generating uniformly distributed random
numbers between 0 and 1. Under OS/360 this rou-

tine is automatically available in the library.
Subroutines

STRTP1
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MAP SHOWING THE DISTRIBUTION OF SIZE FRACTICN NUMBER

VALUES REPRESENT THICKNESS IN MTRS X 10
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Figure 14.- Sediment thickness maps. (a) size fraction 1, (b) size fraction 2, and (c) size fraction 3.

ENDP1
SYMBLI
NUMBR1
LINE1
PLOTI

CALCOMP subroutines

Input Requirements

(i) Title Card
Columns
1-60 TITLE Alphameric title to be printed at
head of each page (15A4).
66-69 UNITS Alphameric name or abbrevia=

tion for distance units (e.g.
FEET, MTRS) Any units may be
used as long as they are consis=

tent (A4).

(i) Channel Card

Columns
1-5 SLOT Width of stream channel in
UNITS as specified in title card
(F5.0).
6~15 SLOTMM Width of stream channel in mm.

N.B. not in UNITS (F10.0).

18

16-20 STMDEP Depth of stream (assumed uni-
form) in UNITS (F5.0).

21-30 STMSLP  Slope of channel (F10.0).*

31-35 DARWIB D'Arcy Weisbach friction coeffi-
cient (F5.0).

36-40 VONKAR Von Karman's constant (F5.0).

41-45 BETA Ratio of diffusion coefficients
for sediment and momentum
(F5.0).

46-50 AVGVEL Average channel velocity in
UNITS/sec (F5.0).*

51-55 DSCHRG Discharge of channel water in

cubic UNITS/sec (F5.0).*
xonly one of three starred parameters to be inserted;
remaining two to be set to zero (not blank) and they
will be calculated automatically.

(iii)

Number of Size Fractions Card

Columns
1-5 NFRACT Number of size fractions. Maxi=
mum of 4. (15). Size fractions
must be listed according to size,
starting with largest.
(iv) a. First size fraction card
Columns
1-5  DIAM(1) Diameter of grains in mm. N.B.



MAP SHOWING THE DISTRIBUTICN CF FACIES

LEGENC -
$ = V.COARSE * = COARSE + = MEDIUM - = F INE = = Ve FINE
SCALE - 1 INCH = 41496 MTRS
TIME INCREMENT i
1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16
1 $ $ $
2 + $ $ $ +
3 - * * * -
4 - + + + -
5 = - + + + - =
6 = - —_- - - - =
7 = = - - - = =
8 = = = = = = =
9 £ = = = = = = = =
1G = = = = = = = = =
11 = = = = = = = = =
12 = = = = = = = = =
13 = = = = = = = = =
14 = = = = = = = = =
Figure 15.- Facies map from line printer.
not in UNITS (F5.0). in grams/year (F10.0).
6-10 SETVEL(1) Settling velocity (UNITS/sec) if
this field is set to zero, Rubey's b. Second size fraction card (if NFRACT.GT.1)
(1933) formula is used for calcu-
lating settling velocity (F5.0). repeat as above, but for 2nd size fraction
11-15 POROS(1) Porosity of resulting sediment as Columns
ratio of pore volume/total vol= 1-5  DIAM(2)
ume (F5.0). 6-10 SETVEL(2)
16-25 DENSIT(1) Density in grams/cubic UNITS 11-15 POROS(2)
(F10.0). 16-25 DENSIT(2)

26-35 SEDLOD(1) Total sediment load as discharge 26-35 SEDLOD(2)
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DEPTH MAP

VALUES EXPRESSED AS MTRS

SCALE - 1 INCH = 41,96 MTRS
TIME INCREMENT 1

L 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 50 5¢C 50 5C 50 5C 38 3 38 50 50 5GC 50 50 50 50
2 5C 5C 50 5¢C 50 50 42 26 42 50 50 50 50 50 50 50
3 50 5C 5C 5C 50 50 45 4G 45 5C 50 5C 50 50 50 50
4 5G 50 50 50 50 5C 46 44 46 50 50 50 50 50 50 50
5 50 50 50 50 50 49 47 46 41 43S 5C 50 50 50 50 50
6 50 50 50 50 50 49 47 417 47 45 5C 5C 50 50 50 50
1 5C 50 50 50 50 49 48 48 48 49 50 50 50 50 50 50
8 590 50 50 50 50 49 48 48 48 49 50 50 50 50 50 50
9 50 50 50 5C 50 49 49 49 49 49 50 5C 50 50 50 50
1¢C 50 56 50 50 50 49 49 49 49 49 50 50 50 50 50 50
11 5C 50 50 50 50 49 49 49 49 45 50 5¢C 50 50 5¢C 50
12 50 50 50 50 50 50 5¢C 49 50 50 5C 5C 5C 50 50 5GC
13 5C 50 5C 50 5G 50 5G 50 50 5C 50 50 50 5C 50 50
14 50 50 50 5G 50 50 50 50 50 50 50 5C 50 50 50 50

Figure 16.~ Depth of water map.

c. Third size fraction card (if NFRACT.GT.2) (v) Number of Facies Card
t b Columns

ropeat @5 ahove 1-5  NSTAND Total number of standard 'facies'

d. Fourth size fraction card (if NFRACT.GT.3) used for classifying sediment
mixtures. Up to a maximum of
repeat as above 10 (15).
(vi) a. First facies standard card
Total number of size cards = NFRACT. Columns

1-8  FACNAM(1) Facies name, up to eight alpha-
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12 FACSYM(1)

meric characters (2A4).
Facies symbol = any alpha=
meric symbol (A1).

13-22 STNDRD(1,1) Weight factor ranging be -

23-32

tween 1.0 and 0.0 describ=
ing contribution of size

fraction 1 to this standard
(F10.0).

STNDRD(1,2) Contribution of size fraction

2 (F10.0).

33-42 STNDRD(1,3) (as above)
43-52 STNDRD(1,4) (as above)
Total number of STNDRD entries = NFRACT

b. Second facies standard card (if NSTAND.GT.1)

Columns
1-8  FACNAM(2)
12 FACSYM(2)
13-22

23-32
33-42
43-52

c. Third facies standard card (if NSTAND.GT.2)

(repeat as above)
(repeat as above)

STNDRD(2,1) (repeat as above)
STNDRD(2,2) (repeat as above)
STNDRD(2,3) (repeat as above)
STNDRD(2,4) (repeat as above)

(repeat as above)

d. Fourth facies standard card (if NSTAND.GT.3)

(repeat as above)

Total number of facies standard cards = NSTAND

(vii) Time Control Card

Columns
1-5 NTIM
6-10 LIP
11-15 KBUG

Number of time increments
(15).

Control on position of delta
lip (15). LIP =1 - lip moves
dynamically forward.

LIP =0 - lip not moved from
channel mouth.

Control on intermediate out-
put regarding filling rates

for each accounting grid cell.

KBUG =1 - print out
=0 - suppress

(viii) Accounting Grid Control Card

Columns
1-5 NROWS
6-10 NCOLS
11-15 CELSIZ
1620 GRDOPT

Number of rows (15).
Number of columns (I5).
Length of cell side in UNITS
(F5.0).

Optional fraction for scaling
accounting grid to fit area
of deposition; e.g., if
GRDOPT = 0.5, accounting
grid is scaled so that only
0.5 of grid is filled; if this

fraction is greater than zero,
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either NROWS or NCOLS ad-
justed depending on DELANG,
unless CELSIZ = 0.0, in which
case CELSIZ is adjusted (F5.0).

(ix) River Grid Control Card

Columns

1-5

6-10
11-15

16-20
21-25

NROWSG

NCOLSG
DELTI

DELTJ
DELANG

Number of horizontal rows in
river grid (15).

Number of vertical columns (15).
Accounting grid row=coordinate
marking center of channel
mouth (and origin of river grid)
in margin of the accounting

grid (F5.0).

Accounting grid column coordi-
nate for above point (F5.0).
Azimuth in degrees for direction
of channel flow in relation to
accounting grid, assuming
direction 09(N) parallel to a/c
grid columns, pointing toward
low=numbered rows, and in-
creasing clockwise (F5.0).

(x) Miscellaneous Control Card

Columns

1-5

11-15

16-20

21-25

26-30

31-35

KPLOT

RANPLT

NBUG

NSM

1X

IEXTRA

PLTWID

If positive integer, CALCOMP
particle maps are plotted in
every KPLOT(th) time incre=
ment (15).

Proportion of statistical par=
ticles to be plotted on particle
maps expressed as a decimal
fraction, e.g., if RANPLT =
0.8, 80% of all points plotted
by CALCOMP (F5.0).
Intermediate output control. If
NBUG = 0, option suppressed.
If a positive integer, every
NBUG (th) particle is listed with
details on terminal coordinates,
sediment foad, etc. (15).
Optional smoothing of sediment
thickness values. Running
averages along rows or along
columns in groups of NSM. See
subroutine SMOQTH for details.
Must be an odd integer (15).
Starting number for random
number generator. Must be an
odd integer (15).

Number of extra 'pepper pot!
points, see description of sub-
routine PEPPER (I5).

Width of CALCOMP particle
plot map in floating point inches
(F5.0).



(xi) Depth Control Card

Columns

1-5 KSRF Control on limiting depth surface
(LDS). If .GE. 1, LDS is a func~
tion of local velocity. If set =
0, all LDS values set to STMDEP,
See description of subroutine
SURFAC (15).
Number of points to be used in
calculating each LDS value
(normally 6 is satisfactory) (15).
Input control for depth values. If
set to 0, individual depth value
must be entered for all positions
of depth array (see below). If
set = 1, the water depth is assum=
ed to be uniform throughout the
settling basin and only a single
value is read in (15).

6-10 KPOINT

11-15 KDEPTH

(xii) Variable Format Card

Columns
1-60 FMT Variable format in parentheses
for reading in depth array cards

e.g. (10F5.0) (15A4).

(xiii) Depth Array Values

DEPTH(I J) Depth of water values for every
cell in accounting grid, defining
subaqueous topography of settling
basin. 1f KDEPTH =1, only a
single value required. |f KDEPTH
=0, values are read in row-wise,
each row starting on a new card,
according to variable format.

(xiv) Delta Fan Conirol Card

Columns
1-5 FANDEV Control for finding a random fan
position. This is found by draw~-
ing a number randomly from a
Gaussian distribution with p =
0°, ¢ = FANDEV® (F5.0)
6-10 FANLIM Limiting size of any fan position

in degrees (F5.0).
Number of random fan positions
to be used each time increment

(15).
(xv) Plofting Control Card

11-15 NUMFAN

Columns

1-5 KIPLOT  Control for plofting stratigraphic
cross sections with CALCOMP.
If set = 1, plotter to be used;

if set = 0, option suppressed (15).
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XLENG Length of X-axis (long axis of
CALCOMP paper) for cross=
section diagram (F5.0).

Length of Y=axis (not to exceed
10.0 inches) (F5.0).

Vertical exaggeration. |f sef
to 0.0 is automatically calcula-
ted according to XLENG and
YLENG, so that full accounting
grid is included in diagram, If
set to some positive value, value
of YLENG is scaled accordingly
(F5.0).

Gap in inches to be left be-
tween upper margin of diagram
and sea-level line (F5.0).

11-15 YLENG

16-20 EXAGVT

21-25

SEELEV

(xvi) Number of Cross Sections Card (skipped if
KTPLOT =0)

Columns

1-5 IRNTOT  Total number of X-sections along
a/c grid rows looking north.
Max. 10 (15).
Total number of X-sections along
rows looking south. Max. 10
(15).
Total number of X-sections down
a/c grid columns looking west.
Max. 10 (15).
Total number of X-sections down
columns looking east. Max. 10

(15).
(xvii) Cross Section Cards (omit if KIPLOT = 0)

6-10 IRSTOT

11-15 ICWTOT

16-20 ICETOT

a. Rows looking north (omit if IRNTOT = 0)

Columns
1-5  IRN(1) First row number (15).
6-10 IRN(2) Second row number (15).

(repeat up to IRNTOT)
b. Rows looking south (omit if IRSTOT =0)

1-5  IRS(1)

First row number (15).
(repeat up to IRSTOT)

c. Columns looking west (omit if ICWTOT = 0)

1-5  ICW(1)

First column number (15).

(repeat up to ICWTOT)
d. Columns looking east (omit if ICETOT = 0)

1-5 ICE(1) First column number (15).

(repeat up to ICETOT)
(xviii) For Multiple Jobs

Repeat steps i through xvii and load decks consecu=



tively, inserting one blank card between each deck.

(xix) Finish Card

Columns
1-6 Insert word FINISH. First four letters
are used to trigger return of control to
monitor (A4).
SAMPLE RUN

Table 3 contains data input for a test run of
the program. Tables 4 through 12 and Figures 14
and 15 illustrate some output from this run, and are
described below.

Table 4. Channel Characteristics

The heading 'slofs' refer to width of the
channel at the mouth. Thus all distances are ex-
pressed in terms of slots or channel=mouth widths,
as well as UNITS which in this case are MTRS
(meters).

Table 5. Other Parameters

Some of these values have been supplied as
data, others calculated. Note that in Table 3,
GRID was set to 1.0 and CELSIZ to 0.0. CELSIZ
has now been adjusted to 20.98 meters, which allows
all sediment to settle within an accounting grid 14
rows x 16 columns.

Table 6. Total Sediment Load

For each size fraction the total sediment load
is calculated using the Meyer=Peter discharge for=
mula (Vanoni and others, 1961). |f the given load
totals less than 10,000 grams/year then the calcu-
lated load is used subsequently in calculations.
Nonzero entries must be made in the given load in=
put positions, however, as proportions of different
size fractions in the total load are assumed to be
those given as input. For example, in this instance
the size fractions are in the ratio of 1:5:10.

Table 7. Sediment Characteristics

Characteristics are listed for each size frac-
tion. Here the load in grams/year was that calcu-
lated by the Meyer=Peter formula. The ‘'load as
cell=square thickness'. . .refers to the height to
which a square column with cross section equal to
CELSIZ x CELSIZ (dimensions of a/c grid cell)
would fill if the entire sediment load was allowed
to settle into it, assuming that the ratio of pore
volume to total volume is given as the porosity.
Here the settling velocity was calculated by Rubey's
(1933) formula, which does not consider variation
in grain shape and hence gives only an approximate
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settling velocity for poorly rounded grains. Alter-
natively by setting SETVEL to a nonzero value, this
option could have been suppressed.

Table 8. Sediment Discharge Profiles

Each row of the vertically oriented river grid
is listed with its height above the channel floor and
the discharge values for each size fraction. Note
that discharge is expressed in 'cell square thickness'

.. as inTable 7. A small discrepancy exists be-

tween the total discharge for size fraction 1 in this

table and that shown in the previous table. This
results from rounding errors in the numerical integra=
tion procedure.

Table 9. Limiting Depth Surface

Because KSRF = 6, the LDS value for each
a/c grid cell was calculated by averaging six indi-
vidual values computed along a line at the cell cen-
ter normal to the axis of jet flow.

Table 10. Fan Positions

Each angle was calculated by drawing a num=
ber randomly from a Gaussian distribution with p =
090 = 10°, but excluding those greater than 200,
The aximuth is calculated simply by adding the
original flow azimuth (180°) to the angle.

Table 11. Trajectory Constants

These refer to the plan view of the nominal
particle trajectories, one for each column of the
river grid. K refers to the column number, starting
at the channel center and working outward. The
opposite half of the channel is treated as a mirror

image XD =Xgr YD =Yqr YF =Y0 used in the

mathematical model. XLIP and YLIP refer to the
coordinates of the delta lip on each trajectory.
NLIP denotes the position of the delta lip (3 = zone
of no diffusion, 2 = zone of flow establishment, 1=
zone of established flow). SUMZND and SUMZFE
denote the values of the integrals for the zone of

no diffusion and zone of flow establishment, multi-
plied by the fall velocity w, as given in equation
11. KLIST is set to 1 for the first time increment
and is subsequently set to O for later time increments
if the change in the position of the delta lip has been
such that the trajectory constants are unaltered.

Table 12. Sediment Budget

Total sediment input to the system is tabu=-
lated for this increment, whose duration is given.
For each size fraction, the input is expressed in
'cell=square thickness' as in Table 7. Due to round-
ing errors made by repeated arithmetic operations,
small discrepancies may occur between these values



and those obtained by multiplying the original sedi-
ment loads by the duration of the time increment.

Figure 14. Sediment Thickness Maps

A value of sediment thickness is printed for
each cell in the accounting grid, one map for each
sediment size fraction. Each value is multiplied by
10 and rounded to the nearest integer, so that sum=
ming these values will not give precisely the same
quantities listed in Table 12.

Figure 15. Facies Map

Average composition of the sediment in each
cell is matched with the composition of each stan-
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dard facies, and classified according to which is
'closest'. The corresponding facies symbols have
been plotted for each cell containing sediment de-
posited during this time interval; the remaining cells
have been filled with alphameric blanks. Resulting
maps display the sediment sorting produced by the
hydraulic processes involved in delta formation.

Figure 16. Depth of Water Maps

Although unrealistic, the input for this test
run specified that the depth of water in the basin be-
fore sedimentation started was 50 meters deep. The
values for each cell shown on this map were obtained
by subtracting the total sediment deposited from the

original water depth, and rounding to the nearest meter.



Table 2. = Program listing.

le
2e
3.
4
Se
6o
Te
8
9
10.
11a
12,
13.
14,
16
18,
19.
2C
21
224
23
254
26
27.
28
29,
30
31.
32.
33,
34.
35.
36,
37.
39,
4C o
41,
42
43,
44,
45,
46,
47,
484
49,
5Ca
51
52
53.
54,
57
58
59,
60

//NEL
//STE
//FOR
C.Ol.
CQ.CC
C....

C..O.
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1

2
C
C
c
C
C
C
C

C....

30

31

32

TA JORB (WCK2,273,4,5), "ABONHAM=CARTFR, G ,MSGLEVEL =1
Pl EXEC FNRTHCLG
TeSYSIN NN *
eDFLTA SIMULATION PROGRAM BY GoBONHAM-CARTER, JANe 25, 1967,
SMODIFTED ALGUST 17, 1967,
o« TRANSLATEN FOP 360/67 SYSTEM FERe 1968 USING WYLBUR TEXT EDITING
«SYSTEM FROM AN [BM 2741 REMOTE TERMINAL

DATA B/4HFINT/

NPLOT=0

CALL CNTROL(NPLAT)

READ(S5,1) A

IF (ALNE43) GN TN 10

WEITE(6,2)

IF (NPLOT.GT.") CALL ENDP1

RETURN

FORMAT( A4)

FORMAT(1Hl, 20X, ?NHTHIS JN38 IS COMPLETE)

END

2k 3 3k R g A R s vl ok ool ke o ok ook o gk dkodeok

SUBROUTINE CNTROLINPLOT)
e s e ok e ot 4ok ool e o ok ok ook ok ok

INPUT/OUTPUT AND CONTROL OPERATIONS

DIMENSION FMT(15), IRN(IN), IRS(101,ICW(10),ICE(1D)

COMMAON /CNOM1/ TEMP{52,1645), DEPTH(57,16), DEPLIM(5C,16),
L DIAM(S)Y, TITLE(15), STMDEP, CELSIZ, NROWS, NCOALS, NFRACT, SLOT,
2 NCNOLSGyNROWSG, UNITS, DELANG, NT, IX, LIP, TIMFAC, NS4, DELTI,
3 DELTY, PLTWID, KRGy IFXTRA,KDEL

COVMMON /COM3/ SEDLOD(S),SETVFL(S), FANANG(10), FANTIM(17), NUMFAN,
1 FANDEV, FANLIM, NBUG, KPLOT, SHRVEL, BETA, VONKAR,TCTLOD(S]),
2 BWNDRY, NTIM

COMMON /CNM4/ NSTAND, FACSYM(10), FACNAM{10,2), STNDRI(10,5)
COVMON /COME/ PORDS(5), DENSIT(5), CALCLND(S),DISTMX(5),DISCI{%,50),
1 DISK(5), DSCHRG, STMSLP, AVGVEL, DARWIS, SUMLOD, TNT"L"N, VRTINC
TIMFAC=1

«READ INPUT PARAMFTERS

READ (5,1) TITLE, UNITS

READ{(5,2) SLOT, SLNTMM, STMDEP, STMSLP, DARWIBR, VONK AR, BETA,
1 AVGVEL, DSCHRG, GACC

READ(S5,3) NFRACT

DO 3C L=1, NFRACTY

READ(5,44) DIAMIL), SETVEL(L), POROS(L), DENSIT(L), SENLON(L)
READ(5,3) NSTAND

DO 31 N=1, NSTAND

READ(S545) (FACNAM{N,M), M=1,2),FACSYM(N), (STNDRD(N,L), L=1,NFRACT)
READ(S5,3) NTIM, LIP, KRUG

READ(S,6) NROWS, NCPLS, CELSIZ, GRDOPT

READ(5,6) NROWSG, NCOLSG, DELTI, DFLTJY, DELANG

READ(S, 7Y KPLOT, RANDPLT, NSUYG, NSM, IX, IEXTRA,PLTWID

IF (TEXTRALLTel) TEXTRA=1

READ(543) KSRF, KPOINT, KDEPTH

READ{S5,1) FMT

IF (KDEPTHLEQe1) GO TN 33

DN 32 1I=14 NROWS

READ(S,FMT) (DEPTH(T,4d%, J=1,NCOLSH

GO TO 35

33 READ(S,FMT) NDEPTH{1,1)
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61e DO 34 I=1, 54

624 DN 34 J=1, 16
63. 34 DEPTH(I,J)=DEPTHI(1,1)
64, 35 READ(5,3) FANDEV, FANLIM, NUMFAN
65, IF (FANLIMJLTLFANDEV) FANLIM=FANDEV
66, READ(5,9) K1PLOT, XLENG,YLENG,EXAGVY, SEELEV
67, IF (KIPLNTLLT.1) GO TO 44
684 READ(S+3) IRNTOT, TRSTOT, ICWTOT, ICETOT
69, IF (IRNTOTLLTal) GI TN 41
70 READ(S5,3) (IRMN(TI), I=1, IRNTOT)
T1. 41 IF (IRSTNTLLT.1) GI TO 42
T2 READ(5,3) (IRS(I), I=1,IRSTOT)
73. 42 TF (ICHTNTLLTe1) GO TQ 43
T4, READ(5,3) (ICW(I), T=1,ICWTOT)
75, 43 IF (ICETOTWLTel) GO TO 44
T6. READ(5,3) (ICE(I), I=1, ICETOT)
TTe C
T8, CoeneesCALL PLOTTER IF NECCESSARY
19, 44 1IF (NPLOTLEQe1l) GO TO 45
80, IF (KPLDTeLTele AND,KIPLOT4LTL1) GO TO 45
81, NPLOT=1
82 CALL STRTP1(1C)
83, 45 CALL CHANEL(GACC,SLOTMM,GRDOPT)
84, C
85. C
86, CoenseePRINT OUT CHANNEL CHARACTERISTICS
87, WRITE(6,19) TITLE, UNITS
88 A=STMDFP%SLOT
89, B=BWNORY*SLOT
G C=SHRVEL*AVGVEL
91l. D=CxSLNT
92, E=AVGVEL*SLOT
93, F=DSCHRG*SLOTH*3
94, WRITE(6,411)STMDEP, A, STMSLP, DARWIB, VONKAR, BWNDRY, By Cys D,
95. 1 AVGVEL, E, DSCHRG, F
96. C
97, CoeesesPRINT QUT GRID PARAMETERS
- 98, A=CELSIZ*SLOT
99, B=FLOAT(NROWSENCOLS)*CELSTZ%%2
100, C=3%SLOT**2
1C1l. WRITE(6,12)TITLE, NTIM, NROWS, NCOLS, CELSIZ, A, UNITS, B,
1C2. 1 Cy UNITS, NROWSG, NCOLSG
103, A=140/CELSIZ
104. WRITE(6,13)DELTI, DELTJ, DFLANG, A, SLOT, UNITS
105, DELANG=DELANG*0Q 4717453312
106, C
107, CeooasPRINT DUT MAX, DISTANCES NF PARTICLE TRAVEL ALONG JET CENTERLINE
108, WRITE(6.14) UNITS
109. DD 9C L=1, NFRACT
110, B=DISTMX(L)*SLOT
111. 90 WRITE(6415) L, DIAM(L), DISTMX{L), B
112. WRITE(H6,16) TITLE
113, N9 1006 L=1,NFRACT
114 179 WRITE(6,17) L, DIAM(L), SEDLOD(L)}, CALCLDI(L)
115, WRITE(A,18) SUMLOD, TOTCLD
116. C
117, CossaePRINT DUT INFCRMATINN ON STREAM SEDIMENT LOADS
118, CoesealF THE TOTAL GIVEN LOAD LT 100 GRMS/YEAR, CALCULATED LOADS USED
119, IF (SUMLNNLGT.10020.C) GO TO 110
12C. DD 105 L=14NFRACT
121 125 SEDLOD(L)Y=CALCLD(L)
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122. C

123, 110 WRITE(6,19) TITLE, NFRACT

124, B={CELSIZ*SLOT) *%2

125, NO 120 L=14,NFRACT

126, DA=SEDLODI{L)

127 SEDLOD{L)=DAXTIMFAC/{{1.0-POROS{L)IXDENSIT(L)%*B)

128, A=SETVEL{L)*AVGVEL®SLOT

129, 120 WRITE(6,20)L, DA, UNITS, TIMFAC, SEDLODI(L), DIAM(L), A, UNITS,
130 1 DENSIT(L), UNITS, POROS{L)

131, C

132, Coennes PRINT OUT DISCHARGE PROFILES, ONE FOR EACH SIZE FRACTION
133, WRITE(6,21) TITLS, UNITS, TIMFAC, UNITS, (L, L=1,NFRAZT)
134, NO 125 I1G=1, NROWSG

135, KKR=NROWSG-I1G+1

136, H={ FLOAT{KKR)*VRTINC-VRTINC/ 240 +BWNDRY)*SLOT

137, 125 WRITE(6,22) KKR,y, Hy (DISC{L,KKR), L=1,NFRACT)

138, WRITE(6,23) (TOTLND(L)y L=1,NFRACT)

139, DO 130 L=1,NFRACT

140, 130 TOTLODIL)=TOTLOD(L)*2,0%FLDOAT{NCOLSG?

141, WRITE(6,24) (TOTLODI(L)Y, L=1,NFRACT)

142, C

143, Ceosss CALCULATE SURFACE DEFINING MINIMUMDEPTH TO WHICH A/C GRID MAY FILL
144, CALL SURFAC(KSRF, KPOINT)

145, C

146, Coeesee FINND FAN ANGLES AND NDURATION

147, CALL FANJ

148, C

149. CooseoWRITE ORIGINAL BOTTOM PROFILE ON QUTPUT UNIT 13

150G, IF (K1IPLNTLLT.1) GO 7O 220

151. RFEWIND 13

152 WRITE(13) ((DEPTH(T,J), J=1,NCOLS), I=1,NROWS)

153, C

154, Cosses INITIATE NEPOSITIONAL PHASE

155. 230 CALL DPOSIT(RANPLT)

156, C

157, CeoeaoeDRAW X=SECTIONS ON CALCOMP PLOTTER

158, IF {(K1PLOTLLT&1l) GO TO 298

15G, IF (IRNTOTLLTe1l) 60 TO 202

160, DN 261 KS=1,IRNTOT

161, 201 CALL NRWSLCUIRNIKSY, 1, SEELEV, EXAGVT, XLENG, YLENG)
162, 222 IF (IRSTOTALLTe1l) GO TOD 294

163, DO 2C3 KS=1,IRSTOT

164, 203 CALL DRWSLCIIRS(KS)Y, 0, SEELEV, EXAGVT, XLENG, YLENG)
165, 204 1F (ICWTDT.LTel) GO TO 206

166, DO 205 KS=1,ICWTOT

167, 2295 CALL DRWSLC(-ICW(KS), C, SEELEV, EXAGVT, XLENG, YLENG)
168, 296 IF (ICETNTLLT.1l) GO TO 208

169, DO 207 KS=1,ICETOT

17C. 237 CALL DRWSLCI(-ICE(KS), 1, SEELEV, EXAGVT, XLENG, YLENG)
171. 208 CONTINUE

172, RETURN

173, 1 FORMAT(15A4, 5Xy A4)

174, 2 FORMAT(FS40y F10,0, F540y F1040, 6F5,0)

175. 3 FORMAT(415)

176 4 FORMAT(3F8,0, 2F10,0)

177. 5 FORMAT[{2A4, 3X, Al, 10F5,.,0)

178, 6 FORMAT(215, 3F5,0)

179, 7 FO/MAT(IS, F5.0, 415, F5,0)

180, 8 FORMAT(2FS5,Cy I5)

181, 9 FORMAT(I5, 4F5,0)

182, 10 FNRMAT{1H1l, 1544///// 3X, 23HCHANNEL CHARACTFRISTICS, 34X,
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183,
184,
185,
186,
187,
188,
189,
190,
191.
192,
193,
194,
195,
196,
197,
198,
199,
200,
201,
202
203,
204,
205,
206,
207
208,
2C9,
21C.
212
213,
2144
215a
216,
217,
218,
219,
220
221,
222
223,
224
225
226,
227,
228
229,
23C,
231.
232
233,
234,
235,
236,
237,
238,
239G,
240,
241
2424
243

e Ne

[ Ne]

1 SHSLOTS, 20X, A4)
11 FORMAT{1HO, 7X, S5HNDEPTH, 44X, F1l0e45y 15X, F10,5//8Xy, SHSLOPE, 88X,
1 104577 88X, 23I5HNAICY WETISBACH FRICTION COEFFICIENT, 58X, F1Ce45//
83X, 21HVON KARMAN®S CONSTANT, 72X, F10.5//7 8X,
22HNOMINAL LOWFR ROUNDARY, 21X, E27.5, 10X, F154,5// 8X,
14HSHEAR VELNCITY, 29X, E2N¢5, 2X, THPER SEC, F1l245y 2X,
THPER SFEC//BX, 16HAVERAGE VELOCZITY, 27X, E?2065y 2X, THPER SEC,
F12¢5y 2%y THPER SEC//BXs16HWATER DISCHARGE 427X ,E2Ce542Xy
THPER SECy, Fl2e45y 2Xy THOER SEC)
12 FORMAT(1H1, 15A4//7/7 33X, 22HSTZE OF SIMUHLATION RUN//
1 BXy 25HNUMBER OF TIME IN
20REMENTS, 4X, 11777 8Xy Y7HSIZE OF MAIN GRID, 5X, 15, 2X, 4HROWS,
3 5%, 15, 2X, THCOLUMNS// 8Xy 19HLENGTH NF CELL SIDE, 2Xs FlCa5»
4 ?2Xy SHSLOTS, S5X, F1545, 2Xs A4// 8X, 1THAREA 0OF MAIN GRID,
5
6
7

~N~O AW

5Xy F15,5, 2X, 12HSQUARE SLOTS, 10X, F20.5, 2X, THSQUARE , A4//
BXy 18HSIZE OF RIVER GRID, 5X, I54 1X, 4HROWS, 5X, I5, 1X,
4HCOLS)

13 FORMAT(LIHN///77/73Xs 1THDELTA ORIENTATION//8X,*COORDINATES OF RIVER
IMOUTHY, 10X, *ROWYyF10. 1, S5Xy O6HCOLUMN, F1041// 8X, 12HFLOW AZIMUTH,
2 55X, F12.5, 3X, THDEGREES// B8X, *RIVER WIDTH?', 5Xy F10e54 3X,
3 11HCELL WIDTHS, 5X,s F155y 2X, AS)

14 FORMAT(1HO//7/77/7777 3X, TOHMAXIMUM DISTANCE OF TRAVEL ALONG JET C
1ENTRELINE FOR EACH PARTICLE SIZE// 13Xy 8HFRACTIDN, 20X,

2 94NDIAM{MMSY, 19X, 17HDISTANCE IN SLOTS, 11X, 12HDISTANCE IN , A%)

15 FORMAT{L1HO, 13X, [4, 27Xy, F10,5,20X, F1l0e5420Xs F1545)

16 FORMAT(1H1, 15A4/7/ 5X, 324HLOAD EXPRESSED AS GRAMS PER YEAR//

1 5X, 6CHCALCULATED LDAD COMPUTED USING MEYER PETER DISCHARGE FORM
2ULA// 5X, 13HSIZE FRACTION, 6X, GHDIAM(MMS), 5X, IDHGIVEN LOAD,
3  3X, 1SHCALCULATYED LOADR//)

17 FORMAT(1HG, I1l, 6X, 3E15.5)

18 FORMAT(1HD2, 5X, 6HTOTALS, 21X, 2E15.5)

19 FORMAT{1Hl, 1524/7/// 3Xy, 24HSEDIMENT CHARACTERISTICZS//8X,

1 2S5HNUMBER OF SIZE FRACTIONS , I5)

20 FORMAT(1HN//6X, 9HFRACTION , I3// 12X, 22HLOAD IN GRAMS PER YEAR,

20X, E20e45/7/ 12X, 33HLNAD AS CELL SQUARE THICKNESS TN , A4,

18H ACCUMULATED OVER 4 FT7.2y 6H YEARS, 5X, F2045//12X,
17HPARTICLE DIAMETER, 33X, F1045, 2X, 3HMMS// 12X,

17HSETTLING VELDCITY, 33X, E20.5, 22X, A4, 1X, THPER SEC// 12X,

THDENSITY, 43X, E20,5,17H GRAMS PER CUBIC , A4//12X, 8SHPOROSITY,

42Xy F1l0e5)

21 FORMAT(1HL, 15A4///7//7 8X, 45HSEDIMENTY DISCHARGE PROFILE AT CH
1ANNEL ORIFICE/// 8%,y *DISCHARGE EXPRESSED AS A/C GRID CELL THICKN
2NESS IN ', A4, ' PERY, F7.,2, * YEARS'// 8X, 'HEIGHT ABOVE BOTTOM E
3XPRESSED IN ', A4&4// 30X,

4 14HSTIZE FRACTINNS/ 6Xy 3HROW, 3X,H6HHEIGHT, 5120//)

22 FORMAT(1IH , 4X, 13, 2X, F9,5y 4Xy 5E20.5)

23 FORMAT{1HC, 1X, 20HTOTAL FOR THE CNLUMN, 1X, S5E20.5)

24 FORMAT{1HO, 1X, 18HTOTAL FR THE GRID, 3X, 5E205}

END

NP wWN -
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SUBROUTINE CHANEL(GACC,SLOTMM,GRDCPT)
e 3 e e e e ok ook o o e st e ook ool e sk ok s ok 0K ok o Ak ok e

COMMON /C0OM1/ TEMP(50,1645), DEPTH{50,16), DEPLIM(52,16),

1 DIAM(5), TITLE(15), STMDEP, CELSIZ, NROWS, NCOLS, NFRACT, SLOT,

2 NCOLSGsNROWSG,UNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,

3 DELTJ, PLTWID, KBUG, TEXTRA,KDEL

COMMDN /C0OM2/ XDU(S502), YD(5D),YF(50),XLIP(50),KLISTISN),NLIP{50),

1 HYT(50),SUMIND(S53),SUMZFE(50)

COMMON /COM3/ SENDLOD(S) ,SETVEL{5), FANANG(10), FANTIM({10), NUMFAN,
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244,
245,
2464
247,
248a
249,
250,
251
252
253,
254,
255,
2564
257,
258,
259,
260,
261,
262
263,
264,
265,
2664
267
2684
269,
270,
271,
272
273
274,
275,
276
277,
278
279,
280,
281,
282,
283,
284,
285,
2864
287,
288
289,
2904
291,
292,
293,
294,
295,
296,
297,
298,
299,
30C,
301,
302
303,
3C4,

1 FANDEV, FANLIM, NBUG, KPLOT, SHRVEL, BETA, VONKAR,TOTLOD(S5),
2 RWNDRY, NTIM
COMMON /COM4/ NSTAND, FACSYM(10), FACNAM(10,2), STNDRD{10,5)
CCMMON /COM6/ POROS(5), DENSIT(5), CALCLDI(S5),DISTMX(5) 4DISC(5,50),
1 DISK(5}, DSCHRG, STMSLP, AVGVEL, DARWIB, SUMLOD, TOTCLD, VRTINC
CoMMON /COMT/ ZEXPON, A
EXTERNAL FINT
C
CooeesRUREY'S FUNCTION FOR COMPUTING SETTLING VELOCZITY (OPTIONAL)
SETTLELABCI={6,66666T/AYX{SQRT(24T4T*A%%x341,0)-1,0)/(B*C)
Cesneo SCALE ALL LINEAR QUANTITIES TO RATIOS OF SLOT
45 STMDEP=STMDEP/SLOT
GACC=GACC/SLOT
CELSTZ=CELSIZ/SLOT
DSCHRG=DSCHRG/ SLOT %3
AVGVEL=AVGVEL/SLOT
C
Coaoses COMPUTE CHANNEL PARAMETERS., VELOCITIES EXPRFSSED AS RATIOS NF AVGVEL
Ceene s EITHER DISCHARGE, AVERAGE VELOCITY OR STREAM SLOPE IS SUPPLIED
CoeoeeBUT NOT MNRE THAN ONE NF THESE
IF (DSCHRG4LTaCaCRN0NLY GN TO 46
AVGVEL=DSCHRG/STMDEP
60 TN 47
46 IF (AVGVELWLLT«NeNNO0CCO0LY GO TO 48
DSCHRG=AVGVEL*STMDEP
47 STMSLP=AVGVELX*2%DARWIR/ (B4 *GACC*STMDEP)
GO TD 49
48 AVGVEL=SOPT(Ba0*GACCXSTMDEP*STMSLP/DARWIR)
DSCHRG=AVARVELXSTMDEP
49 SHRVEL=SORTIDARWIR/RGD)
BWNDRY=4,O%xDTAMI1) /SLOTMM
C
Coeosas TRANSFORM SETTLING VELOCITIES IF ALREADY SUPPLIED
DO 55 L=1, NFRACT
55 IF (SETVEL{L)eGTaRe”) SETVEL(L)=SETVEL(L)/{SLOT*AVGVFL)
C
CoeseeFIND MAX, DISTANCES OF TRAVEL ALONG JET CENTRELINE, BRY SETTING H=D
Ceesee AND SOLVING FOR XT
HTC=STMDEP-BWNDRY+SHRVEL*BWNDRY*ALNG(STMDEP/BWNDRY )/VONKAR
DO 70 L=1,NFRACT
IF (SETVEL{L)eLT.0.00000001) SETVEL(L)=SETTLE(DIAM(L), SLOTMM,
1 AVGVEL)
IF (HTC-SETVEL(L)*54,248) 60,60,65
60 DISTMX{L)Y=HTC/SETVELLL)
GO 1O 7¢C
65 DISTMX{L)=((HTC/SETVELIL) 14749 )%3,436)%*%0,66666T
70 CONTINUE
C :
Ceeses SCALE CELSIZ SO THAT GRID WILL FIT DEPOSITIONAL ARFA
CoeesesGRNOPT SPECIFIES THAT FRACTINN OF THE GRID OCCUPIED DURING TNCRe 1
CosseeIF (GRDOPTLGTe0,31) A/C GRID IS SCALED TO FIT DEPOSITIONAL AREA
CaseeeIF CELSIZaGToCaO THEN CELSIZ IS SCALED, OTHERWISE NROWS OR
Cooseo NCOLS IS SCALED NEPENDING ON JET ORIENTATION
IF (GRDOPT.LT.C,01) 0 TO 85
KDEL=NELANG/ 9C.0 + 1.5
IF (CELSIZ.LTH0.00200001) GO TO 82
GO TO (75,764,75,76,75), KDEL
75 NROWS=NISTMXINFRACT)Y/{CELSIZ*GRDOPTI+D,5
[F (NROWS.GT450) NROWS=50
GO TN 85
76 NCOLS=DTSTMX(NFRACT)/(CELSIZ*GRNDOPT)
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305,
306,
307
308,
309.
310,
311.
312,
313,
314,
315,
316,
317,
318,
319,
320
321.
322,
323,
324,
325
326,
327
328,
329,
330
331.
332,
333,
334,
335,
336,
337.
338,
339,
34Ca
34]),
342,
343,
344,
345,
346,
347,
348,
349,
350,
351,
352
353,
354,
355,
356
357,
358,
359,
360,
361.
362
363,
364,
365,

IF (NCOLS«GT416) NCOLS=16
GO TDO 85
82 NNX=NROWS
IF (MOD(KDEL+2) 4EQaC) NNX=NCOLS
CELSIZ=DISTMX(NFRACT)/(FLOAT(NNX )*GRDOPT)
C
Ceoese EVALUATE SEDIMENT DISCHARGE FROM MEYER PETER FORMULA
C
B85 CSCTYR=3,1536E7
CLBTGM=453,5923
CMMTFT=0,703281
SLOTFT=SLOTMMXCMMTFT
SUMLOD=04%
NN 83 L=1,NFRACT
88 SUMLOD=SUMLOD+SEDLODI(L)
Ceonee FIND AVERAGE (WEIGHTEN) DIAMETER IN FEET
AVDIAM=C4 0
DO 90 L=14NFRACT
0 AVOIAM=AVDIAM+DIAM(L)*CMMTFT*SEDLOD(L)/SUMLOD
CesseePETER MEYER FNRMULA MODIFIED TO GIVE TOTAL DISCHARGE IN GRMS/YEAR
TOTCLD=({39,25%(DSCHRG*SLOTFT*%2 ) %*0,4 6666 T*STMSLP-({9,95%AVDIAM) )
1 *#] 4 5)XCLBTGMECSCTYR*SLAOTFT
DO 95 L=1,NFRACT
95 CALCLO(L)=TOTCLO*SEDLOD(LY/SUMLOD
C
Coesss EVALUATE SEDIMENT DISCHARGE PROFILE AT EACH ROW OF RIVER GRID
CeosesDRIGIN OF ReGe AT BWNDRY AND JET CENTRELINE
VRTINC=(STMDEP—-BWNDRY)/FLOAT{NROWSG)
A=SHRVEL/VONKAR
D={CELSIZ*SLOT)*%2
DO 98 L=1,NFRACT
C=TIMFAC/({(1e—POROSIL))IXDENSIT(LI*D)
TOTLOD(L)=0.,0 '
ZEXPON=SETVEL (L) /7 (VONKARXSHRVEL*BETA)
DISK(LY=ROMBUG(FINT 47 yBWNDRY,STMDEP,040001)
S=SEDLODI(LY}
IF (SUMLODWGLTS100C0.) S=CALCLD(L)
B=S*C/(NISK(LI*FLOAT(2XNCOLSG))
H=BWNDRY
DO 98 KK=1,NROWSG
HP=H+VRT INC
DISC(LyKKI=ROMBUG(FINT,Z,H,HP,0.C001) * B
TOTLOD(L)=TOTLOD(LI+DISCILyKK)
98 H=HP
C
CoeoeesSNLVF LeHaSe OF DIFFERENTIAL EQUATION FOR EACH ROW OF RIVER GRID
H=BWNDRY+VRTINC/?,
DN 100 KK=1, NROWSG
HYT{KK)=H=-RBWNDRY+SHRVEL/VONKAR* (H*ALOG(H/STMDEP ) +
1 BWNDRY*ALCG(STMDEP/BWNDRY))
120 H=H+VRTINC

RETURN
END
o
C e e e sk e ek et ok s sk ook R oK K
SUBRNUTINE DPOSIT(RANPLT)
C e ok ot ko ook e ek ook ok
C
C
Ceevsea THIS SURROUTINE CONTROLS THE DEPOSITICNAL PHASE OF DELTA BUTLDING

DIMENSION  SINA(10), COSA{10)
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366,
367
368,
369,
370,
371.
372
373,
374,
375.
376,
377
3784
379.
380,
381,
382
383,
384,
385,
386,
387,
388,
389,
39C.
391.
392,
393,
394,
395,
396,
397,
398,
399,
400,
401
4C2a
403,
404,
405,
4C6q
407
408,
409,
410,
411,
4124
413,
G414,
415,
416,
417
418,
419,
420,
421,
422
423,
424,
4254
4264

COMMON /COM1/ TEMP(50,1645)1, DEPTH(SD,16), DEPLIM(5C,156),
1 DIAM(5), TITLE(15), STMDEP, CELSIZ, NROWS, NCOLS, NFRACT, SLOT,
2 NCOLSG,NROWSG,UNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,
3 DELTJ, PLTWID, KBUG, TEXTRA,KDEL
COMMON /7COM2/ XD(5Q)y YD{50),YF(SO) 4 XLIP(SO),KLIST(S50)NLIP(50),
1 HYT(502),SUMIND{(S0), SUMZFE(50}
CCMMON /COM3/ SEDLOD(S),SETVELI(S), FANANG(10), FANTIM{10), NUMFAN,
1 FANDEV, FANLIM, NBUG, KPLOT, SHRVEL, BETA, VONKAR,TOTLOD(S),
2 BWNDRY, NTIM
COMMON /COM6/ PORDS(5), DENSITU(S5), CALCLD(5),DISTMX(5),DISC(5,50),
1 DISK{(5), DSCHRGy STMSLP, AVGVEL, DARWIB, SUMLOD, TOTCLD, VRTINC
COMMON /COM8/ XSTORI(5D,50)y YSTOR(50,50), XTX(10C), YTY(10Q)
FIEX=IEXTRA
DO 1102 L=1, NFRACT
DO 11C KK=1, NROWSG
110 DISCUL,KK)I=DISC(L,KK)/FIEX
DO 120 M=1,NUMFAN
SINA(M)=SIN(FANANG(M))
120 COSA(M)=COS{FANANG(M))
C
Cooees ENTER MAJOR LOOP, ONCE THRU PER TIME INCREMENT
DO 19C NT=1, NTIM
NX=0
MPLOT=0
IF (KPLOTWLTel) GO 7O 130
IF (MODINT,LKPLOT).EQ.C) MPLOT=1
c
CeneseFOIR EACH COL OF 0sGe FIND TRAJECTORY CONSTANTS
130 CALL TRAJEC
[F (NBUGsGTe0) WRITE(6,1) TITLE, NT
C
CeseesFOR EACH CELL IN ONE HALF NF O4.Ge FIND DESTINATION OF SEDIMENT AND
Coenoee INCREMENT ACCOUNTING ARRAY ACCORDINGLY
GTO0T=0.C
DO 155 L=1,NFRACY
IF (NTeEQaleOReNFRACTL.EQW1) GO TD 131
REWIND L
READ(L) XSTDR, YSTOR
131 TOTLOD(LY=CWa O
C
CaesesSET TEMP()Y TO ZERD
DO 134 I=1,NRCWS
DO 134 J=1,NCOLS
134 TEMP(I4J,L)=0e0
D0 13& K=1, NCOLSG
IF (KLIST(K)oFQe0) GO TO 136
DO 135 KK=1, NROWSG
135 CALL TRMNUS({XSTOR(KK,K)y YSTOR(KK,K) 4KyKKyL4NZ)
136 CONTINUE
IF (MPLOTWFEQel) CALL PLYPNT(GCeGCy0eQ4s1,L)
c
CeesseDO 15C FOR EVERY NOMINAL PARTICLE IN RIVER GRID
00 15C KK=1,NROWSG
DO 148 K=1,NCOLSG
CALL PEPPER(K,4KK)
DO 145 IFX=1, IEXTRA
c
CeeseosFIND TERMINAL PODINTS FOR EACH POSITION OF FAN AND DROP APPRPRIATFE
Coeoees QUANTITY OF SEDIMENT
DO 145 M=1,NUMFAN
NX=NX+1
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427 MMPLOT=0

4286 CALL RANDULIX,IY,YFL)

429, IX=1Y

430, IF (RANPLT.GT.YFL) MMPLOT=1

431, XT=XTX{IEXV¥*=COSA(M)-YTY{TEX)%®SINA(M)

432, YT=XTX{IEX)*SINAIM)+YTY(TEX)*CQOSA(M)

433, CALL COORDIXTyYT,y14J9yRI4RJI410C,0)

434, IF (T1eGTeNROWSeOReTalTelaOReJeGTeNCOLSeOReJelLTel) GO TO 140
435, IF (MPLOTeEQel o ANDGMMPLOTLEQel) CALL PLTPNT{(RI, RJ, 2, L}
436, 138 AMOUNT=DISCILKKYXFANTIM(M)/TIMFAC

437, TEMP(I4JyLY=TEMP(I,J4,L)+AMOUNT

438 TOTLOD(L)=TOTLODI(L)+AMOUNT

439G, IF (MODINX NBUG)«EQeC) WRITE(6,2) NX,y, L, KKy K,

440, 1 FANANG(M)y XT, VYT, I, Jy FANTIM(M), AMOUNT, NZ

441, C

4424 CesvesFOR MIRROR IMAGF

4430 140 CALL COQRD‘XTvVT,I'JQRIyRJ'—l.C'n'

LGbb, IF (1eGTeNROWSeORe [alTeleORaJaGTeNCOLSaOReJelLTel) GO TD 145
445, IF (MPLOT.FEQe14ANDe MMPLOTL.EQs1) CALL PLTPNT(RI, RJy 2, L)
446, 141 TEMPUL,J, L)=TEMP(I,J,L)+AMOUNT

447, TOTLOD(LY=TOTLOD(LY+AMOUNT

448, 145 CONTINUE

449, 148 CONTINUE

450, 150 CONTINUE

451, IF (MPLNOT4EQel) CALL PLTPNT(D.0,CeDy3,L)

452, 152 GTOT=GTOT+TOTLOD(L)

453, [F (NFRACT.E5Qe1) GO YO 155

454, REAIND L

455, WRITE{L) XSTNR, YSTCR

4564 155 CONTINUE

457, C

458, IF (NSMGT.0) CALL SMOOTH(1)

459, C

46C. CeeoaeFIND DT, THE SMALLESY LENGTH OF TIMFE REQUIRED TO FILL NNE OF THE
461 CooeeeDELTA MARGIN CELLS,

462, ITF {LIP4.GT.C) CALL DELTIM(DT, C)

463, N3 156 L=1,NFRACT

4644 N0 156 T=1,NROWS

465, DO 156 J=1,NCOCLS

466, 156 TEMP{I,J,L¥=TEMP(T,JeL)*DT/TIMFAC

46T, Cooses UPDATE DEPTH ARRAY

468 DO 170 I=1,NROWS

469, DO 170 J=1,NCOLS

471, DO 157 L=1,NFRACT

472 157 THIK=THIK+TEMP(1,Jd,L)

473, DEPTH(I 4 J)=DEPTH(I,J)-THIK

474, C

475, CeoeseoCHFECK TO SEE IF NON-LIP CELLS AREF BEING DVERFILLED

4764 IF (DEPTHIT,J)+0,00C1s GTe DEPLIM{I,J)) GO TN 170

477 DIFF=DEPLIM(I,J)-DEPTHI(TL,J)

478 DEPTH(I . JY=DEPLIM(I,J)

479 IF (THIK.LT4N,CON01Y GO TO 170

48Ca DO 16C L=1,NFRACT

481, 160 TEMPLT yJsL)=TEMPIT 4 J, L) —TEMP (I ,Jd4sL)IXDIFF/THIK

4826 170 CONTINUE

483, c

484, Ceseee LOAD INFNORMATION FRMCM THIS TIME INTERVAL ON TO DISK

485, WRITF(13) (C(TEMP(Tedol)y L=14,NFRACT), J=1,NCOLS}), I=1,NROWS)
486, C

487, CeooeeWRIT OUT SEDIMENT BUNGET FAR THIS TIME TNCREMENT
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488,
489,
490,
491
492,
493,
494,
495,
496,
497,
498,
499,
S0
5C1.
5C2e
503,
504,
505,
506
5C7e
508,
509,
51C.
511,
512.
513,
514
515,
516.
517,
518,
519,
520
521,
522
523.
524
5254
526
527,
528,
529
530,
531.
532
533,
534,
535,
536.
537,
538,
539,
540,
541,
542
543,
544,
545,
S464
547,
548a

WRTITE(644) TITLE, NT, DT, UNITS
D0 189 L=1.NFRACT
TOTLOD(LY=TOTLOOD(L ) *DT/TIMFAC
130 WRITE(6,5) L, TOTLODI(L)
GTOT=GTOT*DT/TIMFAC
WRITE(6,6) GTOT
CALL MAPS
19C¢ CONTINUE
C
Ceseee PRINT HISTORY (OF DELTA GROWTH

CALL DELTIM(DT,1)
RETURN

1 FORMAT(1H1, 15A4// 10X, 'TABLE OF SEDIMENT DESTINATIONS AND LDADS®
1 10X, "TIME INCREMENT', I5//3X,'NX',5X,*SIZE*, T20C, 'VROW?', T30,
2 'WCOL'yT4C, *FAN ANGLE', SX, "*XT*, 8X, 'YT%, 7X, *ROW', TX,

3 *COL'y 5X, *NURATION®, 3X, YAMOUNT', 4X, YZ0ONE')

2 FORMATOLIH 515,4Xs3{13,7X), 3(FT4243X)y 2(1644X), 2(FT7a243X)y 16)

4 FORMAT(1Hl, 15A4// 10X, *'TIME INCREMENT®', 15,10X,*DURATION® ,5X,
1 F1C4543X,*'YEARSY//T20,*SIZEY, T60,
2 'THICKNESS (', 24, "))

5 FORMAT(1HO, V20, 15, T55, F10,2)

6 FDRMAT(1HO, T55, F10,2)

END
[
C sk e sl e e skt ok ook ook e
SUBROUTINE TRAJYEC
c e s o sk e ok ok 3K s ek e o s ok
C
C

Coosee CALCULATES TRANSITINON POINTS AND DFLTA LIP CDORDINATES FNR FACH
CooneePARTICLE TRAJECTORY
DIMENSTION YLIP(SO)
COMMON /COM1/ TEMP(5C,1645)y DEPTH(50,16), DEPLIMI50,16),
1 DIAM(5), TITLE(15), STMDEP, CELSIZ, NROWS, NCOLS, NFRACT, SLOT,
2 NCOLSG,NROWSG,UNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DFLTI,
3 DELTJy PLTWID, KBRUG, TEXTRA,KDFL
COMMON /7C0OM2/ XD(53), YRIS52),YF(50)4XLIP(50),KLIST(5C) NLIP(50),
1 HYT(50),SUMZIND{52) ,SUMZIFE(50)
COMMON /COM3/ SEDLON(S),SETVEL{5), FANANG({10), FANTIM(1D), NUMFAN,
1 FANDEV, FANLIM, N3BUG, KPLOT, SHRVEL, BETA, VONKAR,TOTLND(5),
2 BWNDRY, NTIM
IF (NT.GTe1) GN TN 5
SDEP=STMDEPXSLOT
ADD=0,4205
HFZINC=C+5/FLOATINCOLSG)
SIGMAM=1,572G32
SIGMAS=RBETA%),572032
R=SQORT{N,5% (14 C/STIGMAM*® %241 ,0/SIGMAS*%2))
STEP=CELSIZ/20.0
c
CooreoKLIST(K)=1 MEANS THAT TERMINAL COORDINATFS NEED TO BRE
Coeees RECALCULATED FOR THF KTH. COLUMN OF RIVER GRID
5 DO 1006 K=1,NCDLSG
KLIST(K)=0
IF (NTLEQ.1) KLIST(K)I=1
C
CeeeeeD2 TO 25 ONCE ONLY PER STIMULATION RUN
I[F (NT4.GT.1l) GO TD 25
YD{KY=FLOAT{K)*HRZINC-HRZINC/2.0
XDIK)=5,248-YD(K) * 104496
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549,
550,
5514
552,
553,
554,
555,
556,
557,
558,
559,
560,
561
562,
563,
564
565,
5664
567
568,
569,
570,
571,
572,
573,
574,
575,
576,
577,
578
579,
580,
581,
582,
583,
5844
585,
5864
587,
588.
589,
590,
591,
592,
593,
594,
595,
596,
597,
598,
599,
600,
601,
6024
603,
604
6C5,
606,
607,
608,
609,

CoensseFIND YF(K) AT XF=5,248 RY ITERATION
Coevsee USING THE SEDIMENT DISCHARGE CURVE
A=YD(K)
IF (KeGTWl) A=YF(K-1)
YDK2=YD{K)*2,0
DO 10 I=1,100
IF (FERF{{A+ADDXFLOAT(I)I*R e GFaYDK2) GO TO 20
12 CONTINUE
20 YF(K)= 4 +ADDXFLOAT(I-1)

CeosnssFIND DELTA LIP ON EACH TRAJECTORY
XLIP{K)=0,0
YLIP(K)=YDI(K)
NLIP(K})=3
GO TN 50

Ceoses IF DYNAMIC RESPONSE CONTROL {LIPY =0, SKIP TO 50
25 IF {(LIP,LTL1) GO T0O 50

Coesea ANVANCE ALDONG TRAJECTORY IN INTERVALS OF STEP, TESTING FOR STMDEP
Cessas WHEN DEPTH.GTLDEPLIM THIS PIOINT CONSTITUTES THE DELTA LIP
A={YF{KI-YD(K}) /{54248-XD(K))
B=YF(K) /5,248
GO 70 31
28 XLIP(K)=XLIP(K)#STEP
KLIST{(K)=1
IF {XLIP(K)LLT&XD(K)) GO TO 29
IF (XLIP{K)elLTo54248) GO TO 30
YLIP(K)=XLIP(K)*B
NLIP(K)=1
GO 10O 31
29 YLIP(K)=YD(K)
NLIP(K)=3
GO TH 31
30 YLIP(KI=YD(K)+ ([ XLIPIK)=-XD{K]) )*A
NLIP(K)=2
31 CALL COORD(XLIP(K), YLIP(K)y I, Js RIs RJy 1e0Qy O)
IF {(DEPTH(T,J)sLELDEPLIMII,J)) GO TO 28

Coennoe CALCULATE MAX, VALUES OF INTEGRALS FDR ZND AND ZFE FNR EACH TRAJEC
CoeoeeosRECALCULATION AFTER INITIAL CYCLE ONLY NECCESSARY IF DELTA LIP
CaeneeHAS BFEN EXTENDED
50 TF (KLISTIK)LTW1l) GO TO 95
SHMZND(K ) =040
IF (NLIP({K)aFEQse3) SUMIND(K)I=AMAX1(0s04s4 XDIK)=XLIP(K))
SUMZFE(XK)=060
IF (NLIP(K)=2) 95, 60, 70
A0 XLDW=XLT?2(K)
GU TO R’
70 XLOW=XD{K)
30 A=s{YF(K)-YD(K))/(5.248=-XD(K))
NXX=0as25
XHIGH=5,248-DXX/249
C=XLNN=-DXX/ 2,0
90 C=C+DXX
R={A%(C=XN{K)V+YN(KI=-D,5)/C
SUMZFE(K) =SUMZFFIK)+1N,7%kx(AMIN1(1844*%{0,0964+B)*%2, 3,0))*DXX
IF (ColToXHIGHY GO TO 9N
35 CONTINYE
100 CONTINUFE
WRITE(6H,1) TITLE, NT



61C,
611,
612
613,
614,
615
616,
617,
618,
619,
620,
621,
622,
623,
624a
625,
626,
627,
628,
629,
630,
631,
632,
633,
634,
635,
636,
637,
638,
639,
640,
641,
6424
643,
644,
645,
646,
647,
6483,
649,
650,
651,
652,
653,
654,
655,
656,
657,
658,
659,
660
661,
662a
663,
664,
6654
666,
667
668,
669,
67C,

DO 110 K=1, NCOLSG
110 WRITE(642) Ky XD(K), YD(K), YF(K)y XLIP(K), YLIP{K), NLIP(K),
I SUMIND(KY, SUMZFE(K), KLIST(K)
RETURN
1 FORMAT(1HL1, 1544//7/ 10X, 14HTIME INCREMENT, 5X, IS5/
L//7/7/712Xy 29HTABLE JF TRAJECTORY CONSTANTS/// 5X, 1HK, 9X, 2HXD,
2 BXy 2HYD, 3X, 2HYF, 8X, 4HXLIP, 6X, &4HYLIP, 9X, 4HNLIP, 7TX,
3 6HSUMIND, 9X, 6HSYMZFE, T113, 'KLIST'//)
2 FORRMAT(LIH 4, [5, 5X, S5F10,5, [10, 2F1545, 5X, I5)

END
C
C Aot e sk ot ol ok ok ok sk il kofok ook SOk
SUBRAUTINE SURFAC(KSRF, KPOINT)
r e e St e s o e e ok sk ool se ek skl ok ol ok
~
COMMON /COM1/ TEMP(SG,16,5), DEPTH(50,16), DEPLIM(50C,16),
L DTAM(5), TITLE(15), STMDEP, CELSIZ, NROWS, NCOLS, NF2ACT, SLOT,
2 NCOLSG W NROWSG,UNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,
3 DELTJ, PLTWID, KBUG, TEXTRA,KDEL
c

Censee DETERMINE THE MINIMUM DEPTH TO WHICH EACH CELL CAN FILL
SDEP=STMNEP%RSLNOT
IF (KSRF,LT.1) GO TO 110
Coeseeo SURFACE DESCRIBED BY INVERTED VELOCITY FUNCTION CURVFE
WRITE(6,1) TITLE, UNITS, (J, J=1,NCOLS}
RINC=140/FLOAT{KPNINT-1)
7 DO 120 I=1,NROWS
RI=FLOAT(INI-N,5
DG 9< J=1,NCOLS
RI=FLAAT(JV=-N,45
C
Consne TAKE AVERAGE 0K KPOINT PNINTS ON LINE NORMAL T JET AXIS
DEPLIM{I J)=0,0
D 30 K=1,KPOINT
IF (KPOINTHEQe1) G TO 30
GO TD (19,2C,10,20,10) 4, KDEL
c
Cesnras FOR JET AXIS N-S
12 RI=FLODAT(J) -1 D+FLUAT(K=-1) %R INC
GO IO 345
C
C'ooooFOR JET E‘W
20 RI=FLOAT(IVN-14%4+FLOAT{K=1)%RINC
3C CALL COORIMX WY eIy JyRIGRIy140,2)
IF (XeGFEe5e24R) GO T A7
Y=ABS(Y)
IF (XaGEal56248-1C4496%Y)) GO TO 40
C
CaeseaFNR ZONE DOF NO DIFFUSION
DEPLIM{T, J)=NEPLIM(T,J4)+SNEP
GO TO 8¢
C
CesseeFOR ZONE NOF FLNOW ESTABLISHMENT
40 IF (XeEDe020eDReY2GENs5375%X) GO TO 80
EX=18e4%(0e096+(Y=Da5) /X ) %%X2
IF (FX.GT'S., EX=5.”
DEPLIMUT 4 JY=DEPLIM{I,J)+SDEP/LCO%X%EX
GN 10 80

[ e

seassFOR ZONE NF ESTABLISHED FLOW
50 IF (Y.6GE4D.5375%X) GO TO 80

35



671
672
673,
674,
675
676,
677,
678,
679,
680
681,
682,
683,
684,
685,
686,
687,
68R
689,
690,
691,
692,
693,
694,
695,
6964
697,
698,
700,
T01.
702
703,
TC4.
705,
T06.
707
7C8.,
709,
TJ1C.
T1ll.
712
713,
Tl4,.
715,
T16.
717,
718,
719,
T72C,
T21.
722
723
724,
7254
T26e
727
7286
729,
T30,
731,

DEPLIM(TI «JI=DEPLIMIT J)+SDEPYXLIC,0%%(0e356-1844*Y*%2/X%%2)/SQRT(X)
30 CONTINUE
90 DEPLIM{T,J)=DEPLIM(I,J)/FLOAT(KPOINT)
120 WRITE(6,2) I, [DEPLIM(I,J), J=1,NCOLS)
RETURN
CesssePUUT STREAM DEPTH AS LIMITING NDEPTH ALL OVER
11D NN 122 TI=1,NRDOWS
No 120 J=1.NCOLS
120 DEPLIMIT,J)=SNEP
RETHRN
1 FORMAT(1HLl, 15A4// 1X, S1HMAP SHNWING MINIMUM DEPTHS TO WHICH DELT
1A CAN BUILN// 1X, 20HVALUES EXPRESSED AS o A4/// 4%, 1617)
2 FORMAT(1H /715, 16F7,2)
END

[ Xe]

e e st s Sie e e e afe otk sk s e sl e e ik i i Sk e ik sje ki e ok sk ol sk ok

SUBROUTINE TRMNUIS(/XT/, /YT/, K,y KKy, Ly NZ)
e e sk e ok e Skl ek ok e sk sl e 3 sk ol el sk g o e sl ook o ke ook

[eNe]

COMMON /COM1/ TEMP(50,16,5), DEPTH(S52,16), DEPLIM(50,16),
1 DiAM(5), TITLE{15), STMDEP, CELSIZ, NROWS, NCOLS, NFRACT, SLOT,
2 NCOLSG,NROWSG,UNITS, DELANG, NT, IX, LIP, TIMFAC, NS™, DELTI,
3 DELTY, PLTWID, KBUG, TEXTRA,KDEL
COMAMON /Z0M2/7 XD(50 )y YDISOV,YF(BD )4 XLIP{50),KLIST(S0),NLIP(50),
1 HYT(5D),SUMZIND(5D) , SUMZFE{50)
COMMON /Z0OM3/ SEDLND(S5),SETVEL(5), FANANG{10), FANTIM(17), NUMFAN,
1 FANDEV, FANLIM, NBUG, KPL0OT, SHRVEL, BETA, VONKAR,TOTLOD(5),
2 BWNDRY, NTIM
C
CeasesFIND TERMINAL COORDINATES
A=HYT(KK)/SETVEL(LY}
IF (AqGT,SUMZFEIK)I+SUMIND(K) Y GO TO 30
IF (A,GT.SUMZIND(KY)) GO TH 12
C
CesaeeIONE NF NGO DIFFUSION
NZ=13
XLOW=G40
IF (NLIP(K)aENa3Y XLIW=XLIPI(K)
XT=A+XLOW
YT=YDI(K)
RETURN
C
Cooees INNE OF FLOW ESTARLISHMENT
12 XLOW=XD{(K)}
NZ=2
IF INLIP(K)eENG2) XLOW=XLIP(K)
NX=N405
XT=XLOW=-DX/24,0Q
S=2.,7
T=4-SUMZND(K)
BR={YF(K)=YD{K))/(5,243-XD{K))
20 XT=XT+DX
C=(B*x(XT-XN(K)) + Y¥YD(K} - DJe5) /XT
S=S + 100k x(18e4%(Ce09A+C)IE%2) %NX
[F (S4LTLT) GO T 2C
22 YT= AYF{KI=YD(K)IIX(XT=XD(K) I/ (54248=-XD(K))+YD(K)
RETURN
C
Coennee/DONE NF ESTARLISHED FLOW
35 XLOW=12,"2
NZ=1



732
733,
734,
735,
736,
137
738,
739,
T4C,
T4le
T42.
743,
T45,
T46,
T47,
T48,
T49,
750,
751,
752
753,
754,
755
756
757,
758,
759,
760
761,
762
763,
764,
765,
T66.
767
768,
769,
770
771,
772
773,
TT4,
775,
776.
177
7784
779,
T8C.
781.
782
T83,
T84,
786,
787,
7884
789,
790,
791,
792,

IF (NLIP{K)eEQal) XLOW=XLIP(K)*%X]1,5
B=10a%**(Ne36-1844*%YF(K}*%2/27,5415)

XT=(1e5%8% (A-SUMIND(K)-SUMZFE(K) )+ XLOW) **0,6656667
YT=XT*YF(K)/ 54248

RETURN
END
c
C e e e oot sk o ojed sk okt R koo ol ok sofolOR ok ko ok ok ROk oo
SUSBROUTINE CODRD(AX, AY, T, Jy RIy, RJy/SIGN/y /KON/)
o e ste e s Ao o ok ek o o o Aottt ot Sk st ok o o ok ok ok ook Sk kel ek e Rk dok e oK
c

COMMON /CDOM1/7 TEMP(50,164+5)y, DEDPTH(50,16), DEPLIM{S5C,16},
1 DIAM(5), TITLE(1S), STMDED, CELSIZ, NROWS, NCOLS, NFRACT, SLOT,
2 NCOLSGyNRUWSG4UUNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,
3 DELTJ, PLTWID, KBUG, TEXTRA,KDEL
Ceooses SIGN POSITIVE DENDTES CILOCKWISE SIDE OF JET AXIS
IF (KON-1)} 5, 5C, 51
c
CeosesOBTAIN GRID CDNRDINATES FROM JET COORDINATES
5 X=AX/ZELSIZ
Y=AY/CELSIZ
GO TO (10,2C930440,10),4KDEL
10 RI=DELTI-X
RJI=DELTJI+YXSIGN
GO TO 45
20 RI=DELTI+Y%®SIGN
RJ=DELTJI+X
GO 70 45
30 RI=DELTI+X
RJ=DELTJ-Y*SIGN
GO TO 45
40 RI=DELTI-Y%SIGN
RI=DELTJ-X
45 I=R1+1,0
J=RJ+1.0C
RETURN
C
CoeoooeOBRTAIN JET COORDINATES FR(OM GRID COORDINATES
50 RI=FLDAT(1)-0.5
RU=FLOAT(J)-0.5
C
Coeeee FNTER HERE IF RI, RJ ALREADY SUPPLIED
51 GO 10O (110,120,130,140,110), KDEL
110 AX=DFLTI-RI
AY=RJ-DELTJ
GO TO 150
120 AX=RJ-DELTJ
AY=RI-DELTI
GC TO 156
130 AX=RI-DELTI
AY=DELTJ-RJ
GO 10 159
149 AX=DELTJ-RJ
AY=DELTI-RI
150 AX=AX*%CELSIZ
AY=AY*CELSI?Z

RETURN
END
C
C X 3k %o e ¥k e A ok sk Rk o e e dkk sk ke ek ok Xk

SUBROUTINE DELTIM(DYT, KON)

37



793,
794,
795,
796
797
798.
799,
800,
8C1le.
802,
803,
8C4,
805,
806,
807,
808,
809,
810,
811,
812,
813,
8lé4,
815,
B8l6.
817,
818,
819,
820
821,
822,
823,
824,
825,
826
827,
828,
829.
830,
831,
832
833,
834,
835,
836
837,
838,
839,
840G,
841,
842
843,
844,
845,
846,
847
848,
849,
8504
851,
852
853,

[ e e o e e o e s e e sl ke ke sk ook e vk ok ke sk ok

C
DIMENSION NUM(16)
COMMON /COM1/ TEMP(S50,1655)y DEPTH(50,16), DEPLIM(50,16),
1 DIAM(5), TITLE(15), STMDEP, CELSIZ, NROWS, NCOLS, NFRACT, SLOT,
2 NCOLSG,NROWSG,UNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,
3 DELTJy PLTWID, KBUG, IEXTRA,KDEL
COMMDN /COM5/ ISAVE(S0)Y, JSAVE(S50), NUMLIP
IF (KONo,EQel) GO TO 40
IF (NTeEQel) NUMLIP=Q
WRITE(641) TITLELNT
IF (KBUGeEQel) WRITE(6,2)
c

CesseeFIND SHORTEST LENGTH OF TIME REQUIRED TD FILL ANY CELL NOT
Ceseee ALREADY UP TO DEPLIM(I,J)
CoeoeeeMAKE 2 PASSES THRU 10OOP, 1 TO FIND DTy, 2 TO INCREMENT NUMLIP
SHITCH=C.0
HOLDT=1C0.
10 DO 30 1=1,NROWS
DO 30 J=1,NCOLS
IF (NUMLIP.LT.1) GO TO 16
DO 15 K=1,NUMLIP
IF (TSAVE(K)eEQeToANDWJSAVE(K).EQeJd) GO TO 30
15 CONTINUE
16 THIK=0,.0
DO 20 L=1,NFRACT
20 THIK=THIK+TEMP(T,4,L)
IF (THIK.LT,CaCOCO01) GO TO 30
DY=(DEPTHI(1,J)-DEPLIM(I,J)+0,0001)*TIMFAC/THIK
IF (SWITCH.LTele0) GO TO 29
IF (DT4NE.HOLDT) 63 TO 30
NUMLIP=NUMLIP+1
ISAVE(NUML IP)=1
JSAVEINUMLIP)=J
GO 10 30
29 IF (KBUG.EQel) WRITE(A,4) [,J,DEPTH(T,J),DEPLIM{I,J),THIK,DT
IF (DT.LT.HOLDT) HOLDT=DT
30 CONTINUE
SWITCH=SWITCH+1.0
IF (SWITCHW.EQele®) GO TO 10
DT=HOLDT
WRITE(6,43) DT
RETURN
c
Cosneo PRINT HISTORY NF DELTA GROWTH
40 WRITE(645) TITLE, (J, J=1,NCOLS)
DO 7C 1=1,NRQOWS
DO 60 J=1,NCOLS
NUM(J) =0
DO 50 K=1,NUMLIP
50 IF (I4EQeISAVE(K)eANDeJeEQeJSAVE(K)) NUM(J)=K
63 CONTINUE
70 WRITE{(6,5) I, {NUMLJ), J=1,NCOLS)
RFTURN
1 FORMAT(1Hl, 1524//// 1X, 27HTIME INCREMENT CALCULATIONS//
1 1Xy 'TIME INCREMENT 'y 157/
2 FORMAT(1HO, 3X, 3HROCW, 2X, 3HCOL, 8X, SHDEPTH, 7X, 114DEPTH LIMIT,
1 9X, 9HTHICKNESS, 7X, 26HTIME REQUIRED TO FILL CELL)
3 FORMAT(1HO, 25HSHORTESY TIME INTERVAL = 4 F10.5s 2X, SHYEARS)
4 FORMAT(1H 4 215, 2({5%X, F10,5)y 5X, F15.5, 10Xy F15.5)
5 EORMAT{1Hl, 15A4/// 1X, 31HHISTORY OF DELTA GROWTH IN PLAN///
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854,
855,
856,
857,
858,
859,
860,
861,
862
863,
Bb4
865,
866,
867
868,
869,
870.
871
872
873,
874,
875,
8764
877,
878,
879,
880,
881,
882,
883,
884,
885,
8864
887,
888,
889,
890,
891,
892,
893,
894,
895,
896
897,
898,
899,
900,
901,
902
03,
904,
9CS5e
906
9C7.
9C8.
9C9,
910
911.
912
913,
914,

1
6

GO

OO0

1

2 NCOLSG o NROWSG UNITS,
3 DELTJ,

1

c

C.....

1

c

C....Q

50
c

Cn..oo

5Xy 2515)
FORMAT(1H // 13,
END

2Xy 251I5)

skok 3 e e sk s ok e dek ok ok gk sk ik ek koskok kok ok

SUBROUTINE PLTPNT(U,V,.L, M)
K e e sk ok etk e o ook ok ok o ok ok &

DIMENSION X{4), Y{4)
COMMON /COM1/ TEMP{S50,16,45),
DIAM(5), TITLE(15), STMDEP,

PLTWID,
COMMON /7CQOM5/
GO TD (1,2,3),L
CALL PLOT1(3,Cy CuDy 23)
SCF=PLTWID/FLOAT{NCOLS)
DOTHYT=0,005*%PLTWID
A=CELSIZ*SLOT/SCF

KBUG,
ISAVE(S0),

LABEL GRID
CALL SYMBL1{0.0,
CALL SYMBL1{OC.5,
CALL NUMBR1{0.5,
CALL SYMBL1(0.5,
CALL SYMBL1(1.0,
90.0, 31)
A=DIAM(M)
CALL NUMBR1(1l.0y 2.6y
CALL SYMBL1(1leSy De0y
A=NT
CALL
CALL

Qely
Qe 0y
3.0y
560y
0eCy

Oel5,
Qel15,
Oel15,
0.15,
Neal5,

Oel5,
Oel5,

NUMBR1(1a.5,
PLOT1(3.0,

2057
Ce 0y

00159
23)

DRAW GRID LINES - VERTICAL
X{3)=0e

Y(3)=0,

X(4)=1,

Yi4)=1,

NCP1=NCOLS+1

DO 50 J=1,NCP1l, 2

RJ=J

Y{1)=(RJ-1.0)%SCF
Y(2)=Y(1)

X{(1)=040
X{2)=FLOAT(NROWS) *SCF
CALL LINEL(X,y Yy 24 1,
IF (JsEQWNCP1) GO TD 50
Y{1)=RJ*SCF

Y(2)=Y(1)
X{1)=FLOAT{NROWS)*SCF
X{2)=040

CALL LINEL1(X,
CONTINUE

O,LL)

Yy 29 1y O,LL)

- HORJZONTAL
NRP1=NROWS+1
DO 6C I=1,NRP1, 2
RI=I
X{1)=(RI-1.0Q)*SCF
X{2)=x(1)

39

DELANGy NT,
TEXTRA,KDEL
JSAVE(50),

DEPTH{(50,16), DEPLIM(50,16),
CELSIZy NROWS, NCOLS, NFRACT,
IXy LIP, TIMFAC, NSM,

sLoT,
DELTI,

NUMLIP

60)
1 INCH = ,

TITLE,y, 9940,
17THSCALE -
Ay 9040, 3}
UNITSy 9040, &)

31HPARTICLE DIAMETER =

90e3y 17)

MMS. o

Ay 90.0, 3)

17THINCREMENT NUMBER , 90,7, 17)

A, 9060y -1}



915. Y{1)=0.0

916, Y(2)=FLOAT{(NCOLS) *SCF

917, CALL LINEL(X,y, Yy 2, 1y Oy LU

918, IF (I4EQ.NRP1) GO TO 6D

919, X(1)=RI%*SCF

920 X(2)=x(1)

921 Y{1)=FLOAT(NCOLS)*SCF

922. Y(21=0,0

923 CALL LINEL(X, Yy 2y 1y Gy LL)

924, 60 CONTINUE

925, CoessePLACE X IN FILLEDP CELLS

926, IF (NUMLIP,LT,1) GO TO B8O

927, DO 70 K=1,NUMLTP

928, A=(FLOAT(TSAVE(K))-Ce25) *SCF

92%, B=(FLDAT(JSAVE(K) )1-Ce 64286)*SCF

930, 70 CALL SYMRLI(A, B, SCF*0Des5, 1HXy 9040, 1)
931. 30 CONTINUE

932, RETURN

9313, 2 CALL SYMBLL(U%SCF, VX*SCF, DOTHYT, 1HO, 90e0y 1)
924, RETURN

935, 3 CALL PLOTL(FLOAT{NROWS)*SCF, D.Cy -3)
936, RETURN

937, END

338. C

939, c e 30k e e e e o sk ek o ok o ok ok

94N, FUNCTION FACIES(I,J)

941, C e e de 3z e o e o e e e ik Ke s ek de k&

942 . C

43, CCMMON /COMY/ TEMP(S041645), DEPTHI(S50,16), DEPLIM(50,16),
44, 1 DIAM(5), TITLE(15), STMDEP, CELSIZ, NROWS, NCOLS, NFRACT, SLOT,
Q45, 2 NCOLSG o NROWSG,UNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,
946, 3 DELTJy PLTWID, KBUG, ITEXTRA,KDEL

G477 COMMON /COM&/ NSTAND, FACSYM(10), FACNAM(1C,2), STNDRD(1C,5)
948, C

949, Coeeene LASSIFIFS SAMPLES INTO FACIES USING DISTANCE COEFFICIENTS
950, DATA BLANK /1H /

951, A=0e0

352, DO 5 L=1,NFRACT

9513, 5 A=A+TEMP(T,4,L)

954, IF (A.GTe0e001) GO TO 6

955, FACIES=BLANK

956, RETURN

957. 6 BIG=04,0

958, NHOL D=0

959, DO 20 N=1,NSTAND

960 DIST=0.0

961, DO 1C L=1,NFRACT

962, 10 NDIST=DIST+{TEMP(I,J,L)/A-STNDRD(N,L) )%%2

963, DIST=140-SQRT(DIST/FLOAT(NFRACT))

964, IF (DISTLLTeB81IG) GO TO 29

965, BIG=DIST

966 NHOLD=N

967, 20 CONTINUE

968, FACIES=FACSYMINHOLD)

969, RETURN

97Ce END

971. C

972, C ¥ ol X e e Ae e e ek kot ok e ok ok Aok R odkok

973, SUBROUTINE SMOOTH(KB)
974, e st e e e o e ek o ek e e e
975

e Ne



976,
377,
978,
975,
98Ce
981.
982,
983,
984,
985,
986,
987,
988,
989,
990,
991,
992,
993,
994,
995,
996,
997,
998,
999,
1000,
1C¢01.
1002,
1003,
10C4,
1005,
10C6,
1CC7.,
1008,
1CC9.
1010,
1011,
1C12,
1013,
1014,
1C15,
1016,
1017.
1018,
1019,
1C2G.,
1021,
1C22.
1023.
1C24.
1025.
1C26.
1027,
1028,
1029,
1C3C,
1C31.
1032,
1033,
1034,
1035,
1036,

c

Cesese SMODTHE VALUES IN TEMP ARRAY

¢

c

DIMENSION DUM(50)

COMMON /COM1/ TEMP(S2,16,5), DEPTH(50,16), DEPLIM(S0,16),
1 DIAM(5), TITLE(15), STMDEP, CELSIZ, NROWS, NCDLS, NFRACT, SLOT,
2 NCOLSG4NROWSG,y UNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,
3 DELTJ, PLTWID, KBUG, TEXTRA,KDEL

NSTART=(NSM+11V/2

IF (KReEQe2) GO TQ S5

GO TO (5, 40y 54 40, 5), KDEL

CeseeeBY COLUMNZ
5 DO 30 L=1,NFRACTY

NSTOP=NROWS-NSTART+1
DO 30 J=1,NCOLS

NO 20 T=NSTART, NSTOP
DUMII =040

DC 10 M=1,NSH
INDEX=T#M-NSTART

10 DUMITI)I=DUMIT)+TEMP(INDEX,J,L)
29 DUMCII=DUM(I)/FLOAT(NSM)

DO 30 I=NSTART, NSTQOP

30 TEMP{I,Jd,L)=DUM(CI)

IF (KBseEQe2) GO TN 4C
RETURN

CoseseBY ROWS

40 DN 70 L=1,MFRACT

NSTOP=NCOLS-NSTART+1
DO 7C I=1,NROWS

DO 60 J=NSTART, NSTOP
DUM(J)=0.D

ND 50 M=1,NSM
INDEX=J+M-NSTART

50 DUM(J)=DUM{J)+ TEMP(I, INDEX, L)
60 DUMLJ)=DUMIJ) /FLOAT(NSM)

DO 70 J=NSTART, NSTNP

70 TEMPUI,J,L)=DUM(J)

RETURN
END

Ak R ek i ok ek ok Xk

SUBROUT INE FANJ
Aol A ook ok ok ook

COMMON /COM1/ TEMP(SO,16,5), DEPTH(5C,161, DEPLIM(50C,16),
1 DTAM(5), TITLE(15), STMDEP, CELSIZ, NROWS, NCOLS, NFRACT, SLOT,
2 NCOLSGyNROWSG,UNITS, DELANG, NT, IX, LIP, TIMFAC, NS™M, DELTI,
3 DELTJ, PLTWID, KBYG, TEXTRA,KDEL

COMMON /C0OM3/7 SEDLOD(S) 9SETVEL(S5), FANANG(1N), FANTIM(1D), NUMFAN,
1 SANDEV, FANLIM, MBUSG, KPLOT, SHRVEL, BETA, VONKAR,TQTLAD(S),
2 BWNDRY, NTIM

RAN=0,017453312

IF (NUMFANGGT.1l) GO TO 4

NUMFAN=1
FANANG(11=0,0
FANTIM(1)=TIMFAC
RETURN

Coeaes FIND ANGLES OF FANNING, AND DURATION AT EACH POSITION

4 FANTOT=C,

N0 20 M=1,NUMFAN
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1037,
1038,
1039,
104G,
1041,
1042,
1043,
1044,
1045,
1046,
1047,
1048,
1049,
105G
1051,
1052,
1C53,
1054,
1055,
1056,
1057.
1058,
1059.
1N60C,
1C61.
1062,
1063,
1064,
1C65,
10664
1C67,
1768,
1C69.
1070,
1C71.
1272,
1073,
1074,
1075.
1076
1C77.
1078,
1079,
1C8D,
1081.
1082,
1083,
1C84,
1085,
1086,
1087,
1088,
189,
1C9C.
1C91l,
1062
1C93,
1094,
1095,
1096,
1097,

Ceesses PICK RANNDOM NUMBER, MEAN=0, ST.DEV= FANDEV
5 SUM=C.
DO 10 N=1,12
CALL RANDIHIX,1VY,YFL)
IX=1Y
10 SUM=SUM+YFL
FANANG(M)={SUM=-6,0) *FANDEV
IF {(ABSUFANANG(M)),GT.FANLIM) GO 7O 5
Coeeses LET DURATION AT THIS ANGLE BE PROPORTIONAL TO HT. OF GAUSSUAN
CooseeCURVE AT THIS DISTANCE FROM THE MEAN
FANTIM(M)=EXP(-ABS (FANANG(M) )/ (24 *FANDEV))
FANANG(MY=FANANG(M) *RAD
20 FANTOT=FANTOT+FANT IM(M)
Cesnses SCALE FANTIM() SO THAT TDTAL TIME=TIMFAC
DO 30 M=1,NUMFAN
30 FANTIM(M)Y=FANTIM(M)*TIMFAC/FANTOT
Ceaneas WRITE QUT THIS INFORMATION
35 WRITE(6,1) TITLE, FANDEV, FANLIM
DO 40 M=1,NUMFAN
A=FANANG{(M)/RAD
B={DELANG+FANANG(M))/RAD
40 WRITE(6,2) M, A, By, FANTIM(M)
RETURN

1 FORMAT (1H1,15A4///1X,39HANGLE AND DURATION NF EACH FAN POSITION//

1/ 5X, 21HSTANDARD NEVIATION = , F1045, 94 DEGREES//
2 5X, 1THARSOLUTE LIMIT = , F10.5, 9H DEGREES//

35X, 6HNUMBER, 18X, S5HANGLE, 18X, T7HAZIMUTH,19X, LTHDURATION IN Y

4EARS)
2 FORMAT(1IHD, IB, 3F25.3)
END
C
C S st s e e sk i i s ek s sk ol koo s afe o sl of i sk sk ke o le ok e o e e s ke o ke sk e e ek ok i ok ook ok otk ek ok ek k
SUBROUTINE DRWSLC(NUM, IORIEN, SEELEV, EXAGVT, XLENG, YLENG)
C Sk o i e o e e e e S e e ok s o ok st S o ik sk e i ke e o o e ke ool sl dje e otk ek e ol ok e e Rl s e el kol
C
DIMENSION ROTPRFIS2,16), X{501, Y(50), RC(2), ORTEN(4)
COMMON /COML/ TEMP(S57,16,5), DEPTH(50,16), DEPLIM(50,16}),
1 DIAM{5), TITLE{(15), STMDEP, CELSIZ, NROWS, NCOLSy NFRACT, SLOT,
2 NCOLSG,NROWSG,UNITS, DFLANG, NV, IX, LIP, TIMFAC, NSM, DELTI,
3 NELTY, PLIWID, KBUG, IFXTRALKDEL
NATA RC, ORIEN /4H W, 4H COL,
1 4HNORT, &4HSOUT, 4HEAST, 4HWEST/
c
Ceess o RFAD NRIGINAL BOTTOM PROFILE
REWIND 13
READ(13) ((BOTPRFII,J),y J=1,NCOLS), I=1,NROWS)
NX =NRMNWS
IF (NUMeRT40) NX=NCOLS
C

CesnsssFIND LARGFEST RNOTTOM PROFILE VALUE
BYG=BOTPRF(1,1)
DO 5 1=14NROWS
DN 5 Jd=14,NCOLS
5 1F (ROTPRF{1,J})eGTLRIG) BIG=BOTORF(I,J)
c
CooaoaDETFRMXNE SCALE FACTORS
XMAX=CELST ZXSLOTHXFLOAT(NX-1)
YMAX=RIG+SEELEVX1,5
SCALEV=-YLENG/YMAX
IF (EXAGVTLGT.TeN"1) GO TO 8
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198, CeesesXLENG IS SUPPLIFD, FIND EXAGVT

1099, 6 SCALEH=XLFENG/XMAX

1100. EXAGVT==-SCALFV/SCALEH

11C1. G0 TN 9

1102, C

1103, Ceooes EXAGVT SUPPLIED, FIND XLENSG

1104, 8 SCALEH=-SCALEV/EX2AGVT

1105, XLENG=SCALEH®XMAX

11C6, IF (XLENGLLTL.6C40) GO TN 9

1107. XLENG=50,9

11C8, GO TC 6

1109, C

1112, Ceseee PREPARE FOR PRINTING HEADINGS

1111. 9 A=-SCALEV

1112, ND=TABS (NUM)

1113. E=1,0/A

1114, F=140/SCALEH

1115, D=ND

1116, IF (NUM,RT.0) GO T 1O

1117, B=RC(2)

11184 C=0RIEN(3)

1119, IF (IORTENGLT.1) C=0RIEN(4)

112G, GN TN 11

1121, 12 B=RC(1)

1122, C=0RIENI(1)

1123, I (INRIENGLT41) C=0RIEN(2)

1124, 11 CONTINUE

1125. WRITE(6,3) By, ND, Cy SCALEH, A, EXAGVT, XLENG, XMAX, YLENG, YMAX
1126, C

1127, Coseee INITIALISE PLOTTING ROUTINES

1128, CALL PLOT1(34C,y 10,04 23)

1129, C

1130, CoeessDRAW HEADINGS

1131, CALL SYMBL1(Ce?y D40,y Nel5, TITLF, 0.0, 60)
1132, CALL SYM%LI(GOC' 'Qo‘iv 0.159 By 0001 4)

1133, CALL NUMBR1(laCy -=0e5y 0ald5, Dy 0.0, -1)

11%40 CALL SY“BL](I.s' "n’o‘;y nol‘;' 5HFACINGy OQCQ 5)
1135, CALL SYM3L1(243y =245y Nel5y Cy Gely 4)

1136, CALL SYMBLLI(O,0, =140, 0,15, 28HHORIZONTAL SCALE 1 INCH = ,
1137, 1 2.5, 28)

1138, CALL NUMBRI(3,8, =-1.0y 0415y, F, 0.0,y 3)

1139. CALL SVMRLI("'QQQ —1009 0'159 UN[TS, 000, 4)
114C, CALL SYMBLL(OeCyr -1e5y Dal5y 26HVERTICAL SCALE 1 INCH = ,
1141, 1 Jey 25)

1142, CALL NUMBR1(348y =-1le5y Dsl54y Fy NeCy 3)
1143. CALL SYM%Ll(‘*oSv ‘1051 0015' UNITSy O.G' 4)
1144, CALL SYMRL1(Cely =240y DNelBy 26HVERTICAL EXAGGERATION = X ,
1145, 1 3.0, 26)

1146, CLLL NUMBRI(3,8y —2e0y Tsl5, EXAGVT, 04,0, 3)
1147, CALL PLOT1(12,Cy -1G40, 23)

1148, r

1149. Cosnves DRAA MARGINS

1152, X{2)=2e0

1153, Y{2)=YLENG

1154, X{3)=XLENG

1155, Y{(3)=VLENG

1156, X(4)=XLENG

1157, Y(4)1=0o 0

1158, X{(5)=X(1)
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1159,
116,
1161,
1162,
1163,
1164,
1165,
1166,
1167,
1168,
1169,
117%,
1171,
1172,
1173,
1174,
1175,
1176,
1177,
1178,
1179,
1180,
1181
1182,
1183,
1184,
1185,
1186,
1187.
1188,
1189,
119C.
1191.
1192,
1193,
1194,
1195,
1196,
1197,
1198,
1199.
1200,
12C1,
1202,
120¢3,
1204,
1205,
12C6,.
1207,
1208,
1209,
1210,
1211,
1212,
1213,
1214,
1215,
1216,
1217.
1218.
1219,

Y{5)=Y(1)}
X(6'=O.
Y(6)=0,
X{T)=1e
Y(T)=1.
CALL LINEL{X, Y, 5y 1, C, LL)}
C
CeesseMOVE PLOTTING CRIGIN TO SEA LEVEL
CALL PLOTL(De0 3 YLENG+SFELEVXSCALEV, 23}
C
CoevesDRAW SEA LEVFEL
X(1)1=040
Y{1)=eT
X{2)=XLENG
Y{2)=Ca D
X(3)=",
Y(3)=0,
X{41=1,
Y(4)=1,
CALL LINEL(Xy Yy 2y 1,4 0Oy LL)
C
CeeseeFOR FACH TIME INCREMENT PLOT BOTTOM PROFILE
A=CELSI7*=SLNT*SCALEH
N=1
X{NX+1) =D,
Y{NX+1)=0,
X{NX+2)=1,
Y{NX+2)=1,.
NTIMPI=NT+1
DO 132 NT1=1, NTIMP]
IF (NTL.FQ.,1) GG TO 39
N=N+1
30 J=—NUM
IF (NUM,GT«Z) I=NUM
N0 115 INDEX=1,4NX
IF (NUM) 4G,4C,70
I=INDEX
IF (IORIFENGLTL1) IT=NROWS—-INDEX+1
G0 TO 199
70 J=1NDEX
IF (INRIENGLTL1) J=NCOLS-INDEX+1
190 CONT INUE
X{INDEX) =FLOAT (INDEX=1) %A
Y{INDEX)Y=ROTPRF(T 4JY*xSCALEV
110 CONTINUE
CALL LINEL{Xy Y, NX, 1, 9, LL)

o~
[

C
Ceesee UPDATE ROTTOM PROFTLE
115 IF (NT1eEQ.NTIMPL) 6N TO 130

READ(13) (((TEMP(I,JyL)y L=1,NFRACT), J=1,NCOLS),y I=1,NROWS)

DD 127 T1=1,NROWS
DG 120 J=1,NCOLS
DO 129 L=1,NFRACT
120 BOTPRF(ILJ)=BOTPRF{I,JV-TEMP(T,J,L)
130 CONTINUE
C
CoesnesMOVE PLOTTING ORIGIN FORWARD TO NEW POSITION
CALL PLOTI(XLENG+1740y —(YLENG+SEELEVXSCALEV), -3)
RETURN
3 FORMAT(1H1l, 4NHSTRATIGRAPHIC SECTION PLOTTED ON CALCOMP///
1 1X, A4, I5, 2X, AHFACING, A4// 11X, 19HHORIZONTAL SCALF =
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1220,
1221.
1222,
1222,
1224,
1225,
1226,
1227,
12283,
1229,
1230,
1231.
1232,
1233,
1234,
1235,
1236,
1237,
1238,
1239,
1240,
1241,
1242,
1743,
1244,
1245,
1246,
1247,
1248,
1249,
1250,
1251,
1252,
1253,
1254,
1255,
1256,
1257,
1258,
1259,
1260,
1761,
1262,
1263,
1264,
1265,
1266,
1267,
1268,
1269,
1276,
1271,
1272,
1273,
1274,
1275
1276,
1277,
1278,
1279,
1280,

2 /7 1X, 1THVERTICAL SCALE = 4 F7,2// 11X, 24HVERTICAL EXAGGERATIO
3N = 4 FT7e2//7 1Xy BHXLENG = , F7,2y, 5X, THXMAX = , F7,2//
4 1Xy SHYLENG = 4 F7,2, 65X, THYMAX = , FT7,2)

END
C
I e 0k e e etk ook ok ok o K
SHUBRMNUTINE MAPS
c g
C
DIMENSTION NUIME25), DUM(25)
COMADON /COML/ TEMP{SD,16,5), DEPTH(S50,16), DEPLIM(S5G,4,16),
1 DIAM{5), TITLE(15), STMDEP, CFLSIZ, NROWS, NCOLS, NFJACT, SLOT,
2 NOOLSG,NRDOWSG,UNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,
3 DFLTYy PLTWID, KBYUG, IEXTRA,KDEL
COMMON /COM4/ NSTAND, FACSYM(10), FACNAM{10,2), STNDRD(17,5)
SCALF=CELSIZASLNT™2,0D
G

ConseasPRINT THICKNESS MAPS
20 20 L=1.NFRACT
WRITE(A,1) TITLE, Ly DIAM{L), UNITS
WKITEL6,2) SCALE, UNITS, NT, {Jy J=1,NCOLS)
N 22 T=1,NROWS
10 J=1,NCILS
10 NUMEJI=TEMP{T 3J 9LV *15e(40s5
27 WRITEA(H,3) T, (NUM(JY, J=1,NCOLS)
C
CoeeoaaasPRINT FACIFS MAPS
WRITE(b644) TITLF, (FACSYM{N), [FACNAM(N,M), ¥M=1,2), N=1,NSTAND)
WRITE(H,2) SCALE, !UNITS, NT, (Jy J=1,NCOLS)
DO 47 T1=1,NROWS
DO 30 J=1,NCOLS
30 DUMIJY=FACIES(1,J)
40 ARITE(6,5) T, (DUM(J)y J=1,NCOLS)
f.
ConeesPRINT DFPTH MAP
WRITE(H,4,6) TITLF, UNMNITS
WRITE(5,2) SCALE, UNITS, NT, tJy J=1,NCOLS)
DN 6L I=1,NROWS
DN 5C J=1,NCOLS
S50 NUM{J)=DECPTH(T 4J)+0.5
60 WRITE(A,3) T, (NUMIJ),y, J=1,NCOLS)
RETHIRN
1 EDRMAT{1HL, 15A4// 1X, 52HMAP SHOWING THE DISTRIRUTION 0OF SIZE FRA
1CTION NUMSBER, 15, 4H 0OF 4, FT742y 14H MMS, DIAMETER// 1X, 3CHVALUFS
2REPRESENT THICKNESS IN 4, A4, 5H X 10}
2 FORMAT(1IHT, 1THSCALE = 1 INCH = 4F154291X,A4/71X, 14HTIME TINCREMENT
1,I15,5X /177 TX, 251I5)
3 FORMAT(LIH // 14, 3X, 2515)
4 FORMAT(1HL, 1S5A4// 1X, 38HMAP SHOWING THF DISTRIRUTINDN OF FACIES//
1 1Xy 9HLEGEND - [} ( /1'.")(7 5(&11 IH = , 2A4y 5X)1))
5 FORMAT(LIH // T4, 3X, 25(4%X, Al))
A FORMAT(IHL, 1544// 1X, 9HDEPTH MAP// 1X, 20HVALUES FXORESSED AS ,

1 A4)
END
C
C s e e sleste ook e ok ek ook sk ook ok ok ok ok
SUBRNUTINF PEPPER{K,KK)
c Sk ok e sk oot e ool o ok ok ok ok ok ok e i B i
C

COAMNN /COML/ TEMPI(50,1645), DEPTH(50,16), DEPLIMI(SD,16),
1 DIAM(5), TITLE(15)}, STMDEP, CELSIZ, NROWS, NCOLSs NFRACT, SLOT,
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1281, 2 NCNLSGyNROWSG UNITS, DELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,

1282, 3 DELTSy PLTWID, KRG, TFEXTRA,KDEL

1283, COMMON /C0OMe/ XSTNR({52,50), YSTOR(50,50), XTX(10C), YTY(12C)
1284, C

12R5, CaseseeFOR EACH MAIN POINT COMPYTE [EXTRA RANDOM 'PEPPER POT' POINTS
1286, ConnesWITHIN THE RANGE RNOUNDEDN 3Y HALF THE DISTANCE TO NEIGHBOURING
1287, CaesaeMAIN POINTS

1288, Connse TAKING THE X=COORDINATE

1289, IF (KKaGTal) GO TN 5

1294, XRANGE=XSTOR (KK 41 ,K)-XSTNOR(KK, K)

1291, GNTO 15

1292, 5 1F (KKeLT4NROWSGY GC TN 10

12973, XPANGE=XSTNR{KK 4K )=¥STOR (KK-1,K)

1294, GO TN 15

1295, 17 XRANGE={ XSTOR{KK+1,K)=XSTOR(KK=-1,4K)}) /2.0
1296. 15 DO 16 TEX=1, TEXTRA

1297, CALL RANDUCIX,IVY,YFL)

1298, [X=1Y

1299, 16 XTXITEX)={YFL=D 45 ) =¥RANGE+XSTOR(KK,K)
1300, C

1301, Coeses TAKING THE Y-COORDINATE

1302, IF (KaGTel) GO TD 20

13C3. YRANGE=YSTOR({KK yK+1)=YSTOR(KK,K)

1304, G TN 3¢

125, 20 IF (K.LTLNCOLSG) GO TO 25

13C6, YRANGE=YSTOR{KK4K)=YSTOR(KK,K~-1)

13C7. GO TN 3%

1308, 25 YRANGE={YSTOR(KKK+1)=-YSTOR(KKyK-1)}/2.0
1309, 3N 01 35 TEX=1, TEXTRA

131, CALL RANDUUIX,TY,YFL)

1311, IX=1Y

1312, 35 YTY{TEX)={YFL=045)*YRANGE+YSTOR(KK,K)
1313, RETURN

1314, END

1315, C

1316, G S o e e ok ok e e v e sk sk e ke ek sk e okl e ol e sk ok otk deokokoke

1317, FUNCTION RCMBUG(DUMFE, X, A, B, EPS)

1231R, C st s ok e i e sde sk skesk sk 3¢k sk ool e ol de ok o e e sde e ok ek ook ok

1319, C

1325, Caosoe ROMRERG INTEGRATION METHND TRANSLATED FROM STANFORD ALGOL
1321, CeesssPROCENURE RY RGDORSON

1322, Cewsans UMF MUST RE FUNCTION SUBRODOUTINE FOR SOLVING F({X)- EXTEINAL
1323, CesnneA=LOWER LTMIT, B=UPPFR LIMIT, EPS=TOLERANCE
1224, DIMENSION T(19)

1325, R = B-A

1326. X = A

1327, VAL = DUMF(X)

1328, X = R

1329, VAL = (VAL+DUMF(X))I%0,45

1330, T(1Y = VAL

1331, No= ]

1332. DN 111 1 = 1,14

1333, U = 0,0

1334, N2 = N+N

1335, FN2 = N2

1336, S = R/EN2

1337, N21 = N2-1

1338, DO 112 J = 1yN21,2

1339, FJ = J

1340, X = A+FJ*S

1341 112 U = U+DUMFE(X)



1342,
1343,
1344,
1345,
1346,
1347,
1348,
1349,
1350,
1351,
1352,
1353,
1354,
1355,
1356,
1357,
1358,
1359,
13620,
1361,
1362,
1363,
1364,
1365,
1366,
1367.
1368,
1369,
137C.
1371,
1372,
1373,
1374,

O

113

111

110

EN = N

TUI+1) = (U/FN+T(TI))/2.

K = 1

L o= I+1

DO 113 J = 1,1

L = L-1

FK = K%&4

TIL) = TOL+LI4(TIL+1)=TLLI I/ {FK=-1,)
N = N2

IF (ABS(VAL-T(1)) JLEs EPS*ABS(T(1)) 4AND,s N NEe 1) 50 TO 110
vap = T(1)

7 = T(1)*R

ROMBUG = T(1)*R

RETURN

END

Fe 32 ok e % e sk ok stolodeodk ook

FUNCTION FINT(Z)
Aok ok dokok 30k ok dok gl ke

TOMMON /COML1/ TEMP(S0,16,45), DEPTH(50,16), DEPLIM(SN,16),

1 DIAM(S5),y TITLEU15), STMDEP, CELSIZ, NROWS, NCOLSs NFRACT, SLOT,
2 NCOLSGyNROWSG,UNITS, CDELANG, NT, IX, LIP, TIMFAC, NSM, DELTI,

3 DELTJ, PLTWID, KBRUG, IEXTRA, KDEL

COMMON /CNMT/ IEXPON, A

Coasss CALCULATES VALUE NF CONCENTRATION FUNCTINN FIR ANY HT, A30VE RED

/%

FINT=140#A% (1 0+ALNGI7/STMDEP))

B=9,MN

I[F (STMOFEP.GTeZ) B=(STMDEP/Z-1,0)**ZEXPON
FINT=FINT*R

RETURN

END
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Table 3. - Data for test run.

1376. TEST DECK FOR DELTA SIMULATION MTRS

1377. 30 30000.0 3 .001 0.02 4 1,0 0.0 0.0 9.81

1378. 3

1379. 1.00 0.0 0.2 2660000 1.0

1380. 0.50 0.0 0.2 2660000 5.0

1381. 0.25 0.0 0.2 2660000 10.0

1382. 5

1383. V.COARSE $ 0.1 0.45 0.U45

1384, COARSE * 0,0 0.3 0.7

1385. MED UM + 0.0 0.2 0.8

1386. FINE - 0,0 0.1 0.9

1387. V.FINE = 0.0 0.0 1.0

1388. 1 1 1

1389. 14 16 0.0 1.0

1390. 10 10 0.0 7.5 180

1391, 0 0 500 3 99 10

1392, 1 6 1

1393. (10F5.0)

1394, 50

1395. 10 20 10

1396. 0 0 0 0 0

1397. FINISH

1398. /*

COMMAND ?

Table 4. - Channel characteristics.

TEST CECK FOR DELTA SIMULATICN

CHANNEL CHARACTERISTICS SLOTS MTRS

DEPTH 0416000 3,00000
SLCPE 0400100
DARCY WEISBACH FRICTION COEFFICIENT (402600
VON KARMAN'S CONSTANT 0.46000
NOMINAL LOWER BOUNCARY 0.13333E-03 0440000E-02
SHEAR VELOCITY 0.5T184E-02 PER SEC 0417155 PER SEC
AVERAGE VELOCITY 0.11437€ 0C PER SEC 3.,43103 PER SEC
WATER DISCHARGE 0.11437E-01 PER SEC  308.79272 PER SEC
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Table 5.= Other parameters.

SIZE OF SIMULATION RUN

NUMBER CF TIME INCREMENTS 1

SIZE CF MAIN GRID 14 ROWS 16 CCLUMNS

LENGTF OF CELL SIDE Ce69937 SLOTS 20.98112 MTRS

AREA CF MAIN GRID 1C9.56288 SQUARE SLOTS 98606456250 SQUARE MTRS
SIZE CF RIVER GRID 1G RONWS 10 COLS

DELTA GRIENTATICN

COORDINATES OF RIVER MOUTH ROW CeC CULUMN 7.5
FLCW AZIMUTH 180400C00 CEGREES
RIVER WIDTEK 1.42986 CELL WICTHS 3C. 00000 MTRS

MAXIMUM DISTANCE OF TRAVEL ALCNG JET CENTRELINE FOR EACH PARTICLE SIZE

FRACTION DIAM(MMS) DISTANCE IN SLOTS DISTANCE IN MTRS
1 1. 00000 3.48532 104.55974
2 0.5C000 5452780 165.,83389
3 G.25000 9.79120 293,73584

Table 6. Total sediment load.

TEST CECK FCR DELTA SIMULATION

LCAD EXPRESSEC AS GRAMS PER YEAR

CALCULATED LCAD COMPUTED USING MEYER PETER DISCHARGE FORMULA

SIZE FRACTION DIAM(MNMS) GIVEN LOAD CALCULATED LOAD
1 0+ 1GQ00GE 01 C»100CCE 01 De74291E 11
2 Ce5CCCCE GC C«500CCE 01 0e37146E 12
3 Ce25C0CE ©C 0+ 10000E 02 Qe 74291E 12
TOTALS 0s1600CE 02 0.11887E 13

49



Table 7.~ Sediment characteristics.

SEDIMENT CHARACTERISTICS

NUMBER OF SIZE FRACTIONS

FRACTIGN 1

LCAD IN GRAMS PER YEAR

3

0e74291E 11

LCAD AS CELL SQUARE THICKNESS IN MTRS ACCUMULATED OVER 1.00 YEARS

PARTICLE DIAMETER
SETTLING VELOCITY
DENSITY

PCROSITY

FRACTION 2

LCAD IN GRAMS PER YEAR

1.00000 MMS

0.98419E-01 MTRS PER SEC

75300663

0.26600E 07 GRAMS PER CUBIC MTRS

0.20000

0.37146E 12

LCAD AS CELL SQUARE THICKNESS IN MTRS ACCUMULATED OVER 1.00 YEARS

PARTICLE DIAMETER

SETTLING VELOCITY

050000 MMS

0+62013E-01 MTRS PER SEC

396453296

0626600E C7 GRAMS PER CUBIC MTRS

DENSITY

PCROSITY 0.200C0
FRACTION 3

LCAD IN GRAMS PER YEAR 0. 74291E 12

LCAD AS CELL SQUARE THICKNESS IN MTRS ACCUMULATED OVER 1.00 YEARS

PARTICLE CIAMETER
SETTLING VELOCITY
DENSITY

PCROSITY

0.25000 MMS

0.32162E-01 MTRS PER SEC

793. 006616

0.26600E 07 GRAMS PER CUBIC MTRS

C.20000

Table 8.- Sediment discharge profiles.

TEST CECK FOR DELTA SIMULATION

SEDIMENT CISCHARGE PRCFILE AT CHANNEL ORIFICE

CISCHARGE EXPRESSED AS A/C GRID CELL THICKNNESS IN MTRS PER 1.00 YEARS

HEIGHT ABOVE BOTTOM EXPRESSED IN MTRS

ROW HEIGHT

2485019
2455C59
2425100
195139
1.6518C
1435220
l1.0526¢C
0.7530C
0.4534C
015380

—
=ROWHNOONDOO

TOTAL FOR THE COLUMN

TOTAL FOR THE GRID

SIZE FRACTIONS

1 2 3
Ce36552E-03 0.54491E-01 0. 84473E
Ce 18546E-02 0.16182E 00 0.15498E
Ce 45024E-0Q2 0.28331E CO 0.20639E
Ce87826E~02 0, 42S76E 0C 0.25435E
Ce15681E-01 0.61509E CO 0.30351E
Ce 27243E-01 0. 86338E CO 0.35768E
Ce48277E-01 0.12232E 01 0e42201E
Ce92821E-01 0.18138E 01 0450655E
Ce 22345E GC 0. 30517€ 01 0.63935E
0e3C484E 01 Os11351E 02 0. 10359E
Oe34714E Q1 0419848E C2 0+39652E
Ce6G427E 02 Ce 39695€ 03 O¢ 79303E
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Table 9.~ Limiting depth surface.
MAP SHOWING FINIMUM DEPTHS TO WHICK DELTA CAN BUILD

VALLES EXPRESSEC AS MTRS

1 0.0 Ce0 JeC CeC 0.C 0.0 Ce 50 3.00 0e 50 C.0 0.0 0.0 C.0 0.0 0.0 0.0
2 0.0 OeC Qe C 0e0 0. C Ce0 Ce 87 3.00 Q.87 0.0 0.0 0.0 0.0 0.0 0.0 0.C
3 G.C CeC 0.0 0eG OeC Ca0 1. 04 3,00 1.04 0.0 0.0 0.0 0.0 0.0 0.0 G.0
4 Ce C Ce0 Ca0 0e0 CeC 0.01 lels 2495 le14 0.01 0.0 0.0 Ge 0 Oe 0 0e0 0.0
5 CeC CeV Ce0 0.0 Ce0 0403 1.23 2491 1.23 0. 03 0.0 0.0 Ce0 Vel Ge0 0.0
6 0.0 0.0 0.0 Ce0 C.00 0.08 le 32 2485 1.32 0.08 0. GO 0.0 Ge 0 040 GeG C.0
7 0.0 Ce0 .0 0e0 0.0C Cel4s 1.39 2.80 1.39 Oel4 0.00 0.0 0.0 QeU CeU 0.0
8 CeC 0eC 0.0 0oL 0.01 0.21 le 45 2475 le45 0e21 0.01 0.00 e 0 0.0 GeG 0.C
9 0.0 0.0 0.00 CeCC 0.C2 Oe34 1.58 2464 1.58 034 0.02 0.00 0.00 0.00 Ge GO C.00
1¢ 0.0 CeC G. 00 0.00C CeC6 0.47 1.66 2453 1. 66 0e47 0.06 0.00 0.00 0400 Ce 00 0. 00
11 0.C Ue CC Ge 00 Ce01 0.10 0459 1.71 2443 1. 71 0e59 .10 0.01 0.00 0.00 Ge GO 0.00
12 Oe U 0.00 0400 CeC2 0. 16 Ce71 le 74 2434 le74 Ce7l Cel6 0.02 0.00 UeGO 000 0.00
13 0.00 0.0C 0.00 Q.04 0023 Ge81 1. 75 2425 1. 75 0.81 0.23 0.04 0.00 0.00 G.0C 0.00
l4 0. 00 0.0C 0.01 0.06 0.3C C.9C le 75 2.18 1.75 0.90 0.30 0406 C.01 V.00 Ue00 C.00

Table 10. - Fan positions.

TEST CECK FOF DELTA SIMULATION

ANGLE AND DUFATION OF EACH FAN PCSITICN

STANDARD DEVIATION = 10.000C0 CEGREES

AESOLUTE LIMIT = 20400000 DEGREES

AUMBER ANGLE AZIMUTH DURATION IN YEARS
1 ~164956 163,004 Cl.061
2 0.6C1 18C. 601 ) 0.138
3 15.1€7 195,167 04067
4 40286 1844286 Oel15
5 -G.966 179.034 Cel35
6 10,587 190.587 0.084
7 l.188 18l.138 00134
8 9e5C6 189,506 C.088
9 -9.641 17C.355 C.0R8
10 8.818 188,818 0.091
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Table 11. - Trajectory constants.

TEST CECK FOR DELTA SIM

TIME INCREMENT

ULATION

TABLE GF TRAJECTCRY CONSTANT

K Xt

4498560
4e46C8C
3493600
3041120
2088640
2436160
1.83¢€8C
1431200
0.78720
0e2624C

OVO~NOC UV HWLWN-

—

A\

0.02500
GsC7500
0,12500
0.17500
0.22500
027500
0e325C0
Ce37500
0442500
0647500

YF

0.02500
0.07500
0.1250C
0.18CC0
Ce24C0C
Ce3050C
0437500
Ce46500
C.58000
Ce 79000

XLIP

0.0
0.0
Ce0
C.0
C.0
Ce0
G.0
0s0
Ce0
Ce0

YLIP

0.C2500
007500
Ce 12500
Ce 17500
0022500
C. 27500
0. 32500
0437500
Ce 42500
0.47500

Table 12.- Sediment budget. Total thickness of deposit.

TEST CECK FOUR DELTA SIMULATICN

TIME INCREMENT

SIZE

1

NLIP

WWWwWwWwwwwww

DURATION

52

SUMZND SUMZFE KLIST
4498560 0430018 1
4446080 0480297 1
3.93600 1.36425 1
3.41120 1.89695 1
2488640 2450225 1
2436160 3,11495 1
1.83680 3.88554 1
1.31200 4.83597 1
0.78720 6446253 1
026240 11.25587 1

0.15531 YEARS
THICKNESS (MTRS)
8e 84
56048
118,15

183446
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APPENDIX A: Mathematical Notation

Where two symbols are given, the capital letter denotes a dimensional quantity and the lower case
letter the corresponding dimensionless quantity.

B,b river width

c sediment concentration

<, sediment concentration at elevation z = a

€ ax sediment concentration at y =0 for a given x and z

D,d river depth
F(Zi'zi) fraction of total sediment discharge in river passing between elevations z; and z;

k von Karman constant
Q_,q sediment discharge (weight/unit time)
s 2 2,1/2
r ]/2(l/cm + ]/crs )
S(Zi’zi) sediment discharge/unit width in the river passing between elevations z, and z;
t vertical thickness
U,u streamwise velocity in jet
Ugry, shear velocity in river
v velocity in river
\ mean velocity in river
w vertical velocity in jet
Woow, settling velocity of sediment
X, x streamwise coordinate
X4 x=coordinate of the point on the boundary between zones 1 and 2 on a particle trajectory
X x=coordinate of terminal point of particle trajectory
Y,y transverse coordinate
Vs y=coordinate of terminal point of particle trajectory
Z,z vertical coordinate
B ratio between the diffusion coefficients of sediment and momentum
€ small length (equal to four grain diameters in this study)
% standard deviation of streamwise velocity profile in the jet for x > 5.248
g standard deviation of sediment concentration profile in the jet for x > 5.248

0 denotes quantity taken at x =0

~— denotes quantity taken at x = 5.248 = x,

APPENDIX B: Solution of Equation 11

In solving equation (11) for X, the following quantities are known: Yor Zgr Yy d, Wes k and e.

First the left-hand side is evaluated as

) = J %0 flle)dz = z5 —e+ u/kzgnzg/d + elnd/e).

€

The second integral

is computed using equation (6) to determine X4 If I2> I], the trajectory terminates in zone 1 and x, is
found from
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%t
|] = fo wsdx=wsxt .

If o <1y, the third integral

_ y5.248

I3 xq wsdx/fz(x,y)

is computed. This was done numerically. If I2 << I2 + I3 the trajectory terminates in zone 2 and X,
is found from

=1, + f:f wsdx/fz(x,y)
d

using a numerical step=by-step method.

If > I+ I3 the particle enters zone 3. The fourth integral
L= S5 w dx/f,(x,y)
4" 54 v 8

is evaluated by substitution from equations (10) and (3). After integration we find

1,=0.29w [x¥2 -12.021 exp

1.55y2 i

1

and Y1 is known from equation (7). The terminal coordinate x, is now found from |1 = |2 + l3 + |4.

t
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KANSAS GEOLOGICAL SURVEY COMPUTER PROGRAM
THE UNIVERSITY OF KANSAS, LAWRENCE

PROGRAM ABSTRACT

Title (If subroutine state in title):

Mathematical model and FORTRAN 1V program for computer simulation of deltaic sedimentation.

Date: April 1968

Author, organization:G.F. Bonham=Carter and Alex J, Sutherland

Department of Geology, Stanford University

Direct inquiries to:

Name: G.F. Bonham-Carter Address: Department of Geology

Stanford University

Purpose /description: Simulate the deposition of sediments from a river as it debouches into the sea

Mathematical method: Fully described in paper

Restrictions, range:

Computer manufacturer: |BM Model:  System/360 model 67

Programming language: FORTRAN 1V, level H

Memory required: K  Approximate running time:

Special peripheral equipment required: _Calcomp plotter

Remarks (special compilers or operating systems, required word lengths, number of successful runs, other ma-
chine versions, additional information useful for operation or modification of program)

Program has been run successfully many times at Stanford University.
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COMPUTER CONTRIBUTIONS

Kansas Geological Survey
University of Kansas
Lawrence, Kansas

Computer Contribution

]-

o] N o (6] N~ w N
L]

10.

Tilke
1

13.
14,
15,
16.
V.
18.
19.

20,
Al

22,
23,
24,

. A generalized two-dimensional re

Mathematical simulation of marine sedimentation with IBM 7090,/7094 computers, by J.W,

Harbaugh, 1966 A

gression procedure, by J.R, Dempse;l, 1966 .

FORTRAN IV and MAP program for computation and plotting of trend surfaces for degrees
1 through 6, by Mont O'Leary, R.H. Lippert, and O.T. Spitz, 1966 . ',
FORTRAN Il program for multivariate discriminant analysis using an IBM 1620 compu

J.C. Davis and R.J. Sampson, 1966 . . .

ter, by

FORTRAN |V program using double Fourier series for surface fitting of irregularly spaced

data, by W.R, James, 1966 . .

FORTRAN |V program for estimation of cladistic re.lafio;mship.s usi;g the 1BM 70410, b.y R..L.

Bontcher, 19660 o w &

Computer applications in the earth sciences: Colloquium on classification procedures,

edited by D.F. Merriam, 1966 . . .

Prediction of the performance of a solution gas drive reservoir by Muskat's Equation, by

Apclonfo Baetiz 3967 = . o ool Mt
FORTRAN IV program for mathematical simulation of marine

or 7094 computers, by J.W. Harbaugh and W.J. Wahlstedt, 1967 . .

sedi;nenf::fion. with. IBM. 7Mb

Three-dimensional response surface program in FORTRAN II for the IBM 1620 co.mpu;er, [)y

R.J. Sampson and J,.C. Davis, 1967 . ., .

FORTRAN 1V program for vector trend analyses of directional data, by W.T. Fox, 1967.
Computer applications in the earth sciences: Colloquium on trend analysis, edited by D.F,

Merriam and N.C, Cocke, 1967 . . .

FORTRAN IV computer programs for Markov chain experiments in geology, by W.C.

Krumbein, 1967 AR

FORTRAN [V programs to determine surface roGghne.ess i fopc;grap;hy fér the CD.C 34.00

computer, by R.D, Hobson, 1967 . . .

FORTRAN [I program for progressive linear fit of surfaces on a quadratic base using an IBM

1620 computer, by A.J, Cole, C. Jordan, and D.F. Merriam, 1967 .

FORTRAN IV program for the GE 625 to compute the power spectrum of geologi.col s.urch.:es,

by J.E. Esler and F.W, Preston, 1967 . . . . .
FORTRAN IV program for Q-mode cluster analysis of nonquantitative

Computer applications in the earth sciences: Colloguium on time-series an
Merriam, editor, 1967 . ., .

FORTRAN I[I time-trend package for the IBM 1620 c.:omp:err, by J.C. Davis and R...J.

SOMPEOR, [ TIOZ w1 & e i e hat e T

data 'using 1B
7090/7094 computers, by G.F. Bonham-Carter, 1967 . . . . . .
alysis, D.F,

M

Computer programs for multivariate analysis in geology, D.F. Merriam, editor, 1968 .
FORTRAN IV program for computation and display of principal components, by W.J.

Wanlstedf and J.C. Davis, 88", . . Wi a o
Computer applications in the earth sciences: Colloguium on simu
Merriam and N.C. Cocke, 1968 . . . 5

lation, eéifed by IS.F.

Computer programs for automatic contouring, by D.B. Mcintyre, D.D. Pollard, and R.

Smithy 1968 .2 & & .

Mathematical model and FORTRAN 1V program for computer simulation of deltaic

sedimentation, by G.F. Bonham=Carter and A.J. Sutherland, 1968
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