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PROGRAM SUMMARY FOR FLUVIAL-12

River channel behavior often needs to be studied for its natural state and response to human
regulat ion.  Studies of river hydraulics, sediment transport, and river channel changes may be through
physical modeling, or mathematical modeling, or both.  Physical modeling has been relied upon
traditionally for river projects, but mathematical modeling is becoming more popular as its capabilities
expand rapidly.  The computer program FLUVIAL-12 is a mathematical model that is formulated and
developed for water and sediment routing in natural and man-made channels.   The combined effects
of flow hydraulics, sediment transport and river channel changes are simulated for a given flow
period. 

River channels changes simulated by the model include channel bed scour and fill (or
aggradation and degradation), width variation, and changes in bed topography induced by the
curvature effect.  These inter-related changes are coupled in the model for each time step.  While this
model is for erodible channels, physical constraints, such as bank protection, grade-control structures
and bedrock outcroppings, may also be specified.  Applications of this model include evaluations of
general scour at bridge crossings, sediment delivery, channel responses to sand and gravel mining,
channelization, etc.  It has been applied to many designs for bank protection and grade-control
structures which must extended below the potential channel bed scour and withstand the design flood.

This model is applicable to ephemeral rivers as well as rivers with long-term flow; it has also
been tested and calibrated with field data from several rivers, in both semi-arid and humid regions.
Because of the transient behavior in dynamic changes, ephemeral rivers require more complicated
techniques in model formulat ion.  This model may be used on any main frame computer; it may be
used on a personal computer with adequate capacity.

The FLUVIAL-12 model is an erodible-boundary model; it simulated inter-related changes
in channel-bed profile, channel width and bed topography induced by the channel curvature.  The
erodible-boundary model is different from an erodible-bed model in the following ways.

(1) An erodible-bed model does not simulate changes in channel width.  Since changes in channel-bed
profile is closely related to changes in width, these changes may not be separated.

(2)  The change in bed profile in an erodible-bed model is assumed to  be uniform in the erodible zone.
All points adjust up and down by an equal amount during aggradation and degradation. Actual bed
changes are by no means uniform and therefore they may not be simulated by an erodible-bed model.

(3)  An erodible-bed model does not consider the channel curvature.  In reality, the bed topography
is highly non-uniform in a curved channel, especially during a high flow.

(4)  The erodible zone needs to be specified at all cross sections in an erodible-bed model.  This
means the model does not provide the extent of erosion in the channel, but  the user has to inform the
model about the erodible part of the channel bed.  The boundary of erosion is computed and provided
by the FLUVIAL-12 model, this boundary changes with the discharge and time.
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(5) Sediment inflow into the channel reach needs to be specified for many other models.  This requires
the sediment rat ing curve which is usually not available for stream channels.  In the FLUVIAL-12
model, the sediment inflow may be specified and it may also be computed based on the hydraulics of
flow at the upstream section at every time step.

(6) The FLUVIAL-12 has been calibrated using many sets of river data (see Section XI).  An
erodible-bed model may not be calibrated with field data of natural streams.

Development of the FLUVIAL computer model dates back to 1972.  Several publicat ions
describing the physical foundation, analytical background, and applications are included in this
manual.  Publications documenting the successive stages of development  and calibration of the model
are listed below.

Chang, H. H., "Flood Plain Sedimentation and Erosion, Phase III,"  Dept. of Sanitation and Flood
Control, Public Works Agency, County of San Diego, January, 1974, 78 pp. 

Chang, H. H., "Flood Plain Sedimentation and Erosion, Phase VI,"  Dept. of Sanitation and Flood
Control, Public Works Agency, County of San Diego, July, 1975, 77 pp.

Chang, H. H., and Hill, J. C., 1976, "Computer Modeling of Erodible Flood Channels and Deltas,"
Journal of the Hydraulics Division, ASCE, 102(HY10), 1461-75.

Chang, H. H., and Hill, J. C., 1977, "Minimum Stream Power for Rivers and Deltas," Journal of the
Hydraulics Division, ASCE, 103(HY12), 1375-89.

Chang, H. H., 1982, "Mathematical Model for Erodible Channels," Journal of the Hydraulics
Division, ASCE, 108(HY5), 678-689.

Chang, H. H., 1984, "Modeling of River Channel Changes", Journal of Hydraulic Engineering,
ASCE, 110(2), 157-172.  Closure in 113(2), 1987, 265-267.

Chang, H. H., 1984, "Modeling General Scour at Bridge Crossings", Transportation Research
Record, 950, Vol. 2, 238-243.  Also presented at the Second Bridge Engineering Conference,
Transportation Research Board, Minneapolis, Minnesota, September 24-26, 1984.

Chang, H. H., 1984, "Regular Meander Path Model", Journal of Hydraulic Engineering, ASCE,
110(10), 1398-1411.  Closure in 113(3), 1987, 407-409.

Chang, H. H., 1984, "Variation of Flow Resistance through Curved Channels", Journal of Hydraulic
Engineering, ASCE, 110(12), 1772-82.

Chang, H. H., 1985, "Water and Sediment Routing through Curved Channels", Journal of Hydraulic
Engineering, ASCE, 111(4), 644-658.
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Chang, H. H., Osmolski, Z., and Smutzer, D., 1985, "Computer-Based Design of River Bank
Protect ion", in Hydraulics and Hydrology in the Small Computer Age, Proceedings of Hydraulics
Division Conference, ASCE, Orlando, Florida, August 13-16, 426-431.

Chang, H. H., 1985, "Channel Width Adjustment during Scour and Fill", Journal of Hydraulic
Engineering, ASCE, 111(10), 1368-70.

Stow, D. A.,  and Chang, H. H., 1987, "Coarse Sediment Delivery by Coastal Streams to the
Oceanside Littoral Cell, California," Journal of the American Shore and Beach Preservation
Association, 55(1), 30-40.

Chang, H. H., 1987, "Modeling Fluvial Processes in Streams with Gravel Mining," in Sediment
Transport in Gravel-Bed Rivers, Thorne, et al. editors, John Wiley & Sons, pp. 977-988.  Also
presented at the Intern. Workshop on Problems of Sediment Transport in Gravel-Bed River,
Colorado State University, August 12-17, 1985.

Chang, H. H., 1987, Comment on "Modeling of Alluvial Channels", by Dawdy and Vanoni, Water
Resources Research, 23(11), 2153-2155.

Stow, D. A., and Chang, H. H., 1987, "Magnitude-Frequency Relationship of Coastal Sand Delivery
by a Southern California Stream", Geo-Marine Letters, an International Journal of Marine Geology,
23(1), 217-222.

Chang, H. H., Jennings, M. E., and Jordan, P. R., 1988, "Use of Calibrated Model for Continuous
Record of Fluvial Sediment Load", Professional Paper, U. S. Geological Survey.

Chang, H. H., 1988, "Simulation of River Channel Changes Induced by Sand Mining", Proceedings
of Intern. Conf. on Fluvial Hydraulics, IAHR, May 30-June 3, Budapest, Hungary.

Chang, H. H. and Stow, D., 1988, "Sediment Transport Characteristics of a Coastal Stream", Journal
of Hydrology, Elsevier Science Publishers B. V., Amsterdam, 99, 201-214.

Yang, X-Q. and Chang, H. H., 1988, "Mathematical Modeling of Compound Channel with High
Sediment Concentration", Proceedings of the National Conference on Hydraulic Engrg., August 8-
12, Colorado Springs, Colo.

Chang, H. H. and Osmolski, Z., 1988, "Computer-Aided Design for Channelization", Journal of
Hydraulic Engineering, ASCE, 114(11), 1377-1389.

Chang, H. H., Fluvial Processes in River Engineering, John Wiley & Sons, February 1988, 432 pp.

Chang, H. H., 1988, "Test and Calibration of FLUVIAL Model Using Fall River Data", prepared for
Waterway Experiment Station, U. S. Army Corps of Engineers, Vicksburg, Mississippi.

Chang, H. H., 1988, "Test and Calibration of FLUVIAL Model Using Missouri River Data", prepared
for Waterway Experiment Station, U. S. Army Corps of Engineers, Vicksburg, Mississippi.
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Chang, H. H. and Stow, D., 1989, "Mathematical Modeling of Fluvial Sediment Delivery", Journal
of Waterway, Port, Coastal, and Ocean Engineering, ASCE, 115(3), 311-326.

Chang, H. H., 1990, "Hydraulic Design of Erodible-Bed Channels", Journal of Hydraulic
Engineering, ASCE, 116(1).

Chang, H. H. and Nolte & Associates, 1990, "Calibration Study of FLUVIAL-12 Model Using Data
from San Luis Rey River", prepared for the San Diego County Water Authority, 45pp.

Chang, H. H., 1994, "Selection of Gravel-Transport Formula for Stream Modeling", Journal of
Hydraulic Engineering, ASCE, Vol. 120, No. 5, May, pp. 646-651.

Chang, H.H., 1994, "Test and Calibration of FLUVIAL-12 Model Using Data from the San Dieguito
River”.  Prepared for Southern California Edison Company.

Chang, H. H., Harrison, L.,  Lee, W., and Tu, S., 1996, "Numerical Modeling for Sediment-Pass-
Through Reservoirs", Journal of Hydraulic Engineering, ASCE, Vol. 122, No. 7, pp. 381-388.

Chang, H. H., 1997, ” Modeling Fluvial Processes in Tidal Inlet”, Journal of Hydraulic Engineering,
ASCE, Vol. 123, No. 12, pp. 1161-1165.
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I.  INTRODUCTION

Alluvial rivers are self-regulatory in that they adjust their characteristics in response to any
change in the environment.  These environmental changes may occur naturally, as in the case of
climatic variation or changes in vegetative cover, or may be a result of such human activities as
damming, river training, diversion, sand and gravel mining, channelization, bank protection, and
bridge and highway construction.  Such changes distort the natural quasi-equilibrium of a river; in the
process of restoring the equilibrium, the river will adjust to the new conditions by changing its slope,
roughness, bed-material size, cross-sectional shape,  or meandering pat tern.  Within the existing
constraints, any one or a combination of these characteristics may adjust as the river seeks to maintain
the balance between its ability to transport and the load provided.

River channel behavior often needs to be studied for its natural state and responses to the
aforementioned human activities.  Studies of river hydraulics, sediment transport and river channel
changes may be through physical modeling or mathematical modeling, or both.  Physical modeling
has been relied upon tradit ionally to obtain the essential design information.  It nevertheless often
involves large expenditure and is time consuming in model construction and experimentation.  What
limits the accuracy of physical modeling is the scale distortion which is almost unavoidable whenever
it involves sedimentation.

Mathematical modeling of erodible channels has been advanced with the progress in the
physics of fluvial processes and computer techniques.   A evaluation of existing models was made by
the National Academy of Sciences (1983).  Recommendations in this report has been beneficial for
subsequent  model development.  Since the actual size of a river is employed in mathematical
modeling, there is no scale distortion.  The applicability and accuracy of a model depend on the
physical foundation and numerical techniques employed.

The traditional regime analyses of rivers are limited to regime rivers and their long-term
adjustments in equilibrium.  The hydraulic geometry, flow and sediment transport processes exhibited
in the process of adjustments are outside the scope of regime approach but they are included in the
mathematical modeling.  This manual addresses the more rapid process-response or the transient
behavior of alluvial rivers.  The subject is on unsteady flow and sediment transport in river channels
with a changing boundary under given physical constraints.  In the following, the physical foundation
and numerical techniques for the transient process-response of the FLUVIAL model are described.
Users instructions are provided.  Applicat ions of the FLUVIAL model are illustrated by examples
given in the appendixes.

II.  PHYSICAL FOUNDATION OF FLUVIAL PROCESS-RESPONSE

Mathematical modeling of river channel changes requires adequate and sufficient physical
relationships for the fluvial processes.  While the processes are governed by the principles of
continuity, flow resistance, sediment transport and bank stability, such relations are insufficient to
explain the time and spatial variations of channel width in an alluvial river.  Generally, width
adjustment occurs concurrently with changes in river bed profile, slope, channel pattern, roughness,
etc.  These changes are closely interrelated; they are delicately adjusted to establish or to maintain the
dynamic state of equilibrium.  While any factor imposed upon the river is usually absorbed by a
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combination of the above responses.  The extent of each type of response is inversely related to the
resistance to change. 

The dynamic equilibrium is the direction toward which each river channel evolves.  The
transient behavior of an alluvial river undergoing changes must reflect its constant adjustment toward
dynamic equilibrium, although, under the changing discharge, the true equilibrium may never be
attained.  For a short river reach of uniform discharge, the conditions for dynamic equilibrium are:
(1)  Equal sediment discharge along the channel, and (2)  uniformity in power expenditure (QS,
where ( is the unit  weight of the water-sediment mixture, Q is the discharge, and S is the energy
gradient.  If the energy gradient is approximated by the water-surface slope, then uniform power
expenditure or energy gradient  is equivalent to the linear (st raight-line) water-surface profile along
the channel.  A river channel undergoing changes usually does not have a linear water-surface profile
or uniform sediment  discharge, but river channel adjustments are such that the non- uniformities in
water-surface profile and sediment discharge are effectively reduced.  The rate of adjustment is
limited by the rate of sediment movement and subject to the rigid constraints such as grade-control
structures, bank protection, abutments, bedrock, etc.    

The energy gradient at a river cross section varies wildly.  This variable is usually included
in a hydraulic computation such as that of a HEC-2 study.  The output of any HEC-2 study, even if
it is for a fairly uniform river channel, usually exhibits non-uniformity in energy gradient along the
channel.  This variation is much more pronounced in disturbed rivers.  A mathematical modeler
realizes that a river channel will change in order to attain streamwise uniformity in sediment load.
It is equally important to perceive that it will also adjust toward equal energy gradient along the
channel.  Because sediment discharge is a direct function of (QS, channel adjustment in the direction
of equal power expenditure also favors the uniformity in sediment discharge.  The sediment discharge
in the reach will match the inflow rate when the equilibrium is reached.

III.  CHANNEL WIDTH ADJUSTMENTS DURING SCOUR AND FILL

A stream channel's adjustment in the direction of equal power expenditure, or straight
water-surface profile, provides the physical basis for the modeling of channel width changes.
However, this adjustment does not necessarily mean movement toward uniformity in channel width.
For one thing, the power expenditure is also affected by channel roughness and channel-bed elevation,
in addition to the width.  But,  more importantly, the adjustment toward uniformity in power
expenditure is frequently accomplished by significant streamwise variation in width.  Such spatial
width variation generally occurs concurrently with streambed scour or fill to be illustrated in the
following by several examples.

The transient behavior can be more clearly demonstrated by more dramatic river channel
changes in the short term.  Field examples of this nature are selected herein to illustrate how the
significant spatial variation in width is related to river channel's adjustment toward uniform power
expenditure.  This example will also show why the regime approach may not be employed to simulate
river channel changes.

Figure 1 shows a short reach of the San Diego River at Lakeside, California on February 25,
1981 during the initial stage of a sto rm.  The estimated discharge of 600 cfs persisted for several
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subsequent days.  Prior to the storm, this sandy streambed was graded, because of sand mining, to
a wavy profile.  During the initial period of flow, the water-surface profile was not straight because
its gradient was steeper over higher streambed areas than over lower areas.  Gradually, these higher
streambed areas were scoured while lower places were filled.  Small widths formed with streambed
scour, whereas large widths developed with fill as shown in the figure.  The width development in this
case was rapid in occurrence in the sandy material, its significant streamwise variation is depicted by
the natural streamlines visible on the water surface.  This pattern of significant spatial variation in
width actually represents the stream's adjustment toward equal energy gradient, as explained in the
following.

    Fig. 1  Streamwise variation in width during stream channel adjustment toward establishing
      straight  water-surface profile, San Diego River at Lakeside, California

The streambed area undergoing scour had a steeper energy gradient (or water-surface slope)
than its adjacent areas.  Formation of a narrower and deeper channel was effective to reduce the
energy gradient  due to decreased boundary resistance and lowered streambed elevation.  In addition,
the cross section developed a somewhat circular shape, which conserved power as a result of being
closer to the best hydraulic section.  On the other hand, the streambed area undergoing fill had a
lower streambed elevation and a flatter energy gradient.  Channel widening at this area was effect ive
to steepen its energy gradient due to the increasing boundary resistance and rising streambed
elevation.   In summary, these adjustments in channel width effectively reduced the spatial variation
in power expenditure or non-linearity in water-surface profile.  Because sediment discharge is a direct
function of stream power (QS, channel adjustment in the direction of equal power expenditure also
favors the equilibrium, or uniformity, in sediment discharge.

The significant spatial width variation shown in Fig. 1 was temporary.  The small width lasted
while streambed scour continued and the large width persisted with sustained fill.   At a later stage
when scour and fill ceased, the energy gradient or water-surface slope associated with the small width
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became flatter than that for the large width.  The new profile of energy gradient or water surface
became a reversal of the initial profile.  Then, the small width started to grow wider while the large
width began to slide back into the channel, resulting in a more uniform width along the channel.

The above example illustrates that a regime relationship for channel width may not be used
in simulating transient river channel changes.  Under the regime relationship, the width is a direct
function of the discharge, i.e., B % Q0.5; but under transient changes, the channel can have very
different widths even though the discharge is essentially uniform along the channel.

The characteristic changes in channel width during channel-bed scour and fill were also
observed by Andrews (1982) on the East Fork River in Wyoming.  This river was in its natural state,
undisturbed by human activities.  River channel changes were induced by the variat ion in discharge.

In 1906, the Associated Press filed a well-written report that seemed to end one of the world's
most spectacular stories.  In the story, the AP reported that the Colorado River flooded; the water
moved from the All American Canal to the New River and poured down to the Salton Sea.  The sea
rose 7 in. per day.  The water became a cascade and its force cut back the banks.  Soon the bank was
receding faster and faster, moving upstream into the valley at a pace of 4000 ft  a day; widening the
New River channel to a gorge of more than 1000 feet.  This example also illustrates the dramatic
widening of river channel associated with a rising bed elevation.

A field study by the U. S. Bureau of Reclamation (1963) upstream of Milburn Diversion Dam
on the Middle Loup River, central Nebraska also exemplifies the aggradation of a channel and
associated channel widening.

      The construction of Milburn Diversion Dam was completed in May, 1956 ... By
May 1957, two months after the reservoir was impounded for the first irrigation
season, the channel had aggraded an average of 1.6 feet, with a rise in the channel
thalweg elevation of 2.2 feet; and by October of the same year, the total rise in the
streambed averaged 2.2 feet.  The cross section obtained in December 1957 shows a
continued rise in the thalweg elevat ion.  During the same period, the width of the
channel had increased by 70 feet, from 475 feet in 1951 to 545 feet in 1957.  One-third
of this increase occurred during the June, 1956 - December, 1957 period.

For these two case histories, both alluvial rivers entered reservoirs with a rising base level.
The transient changes are characterized by rising channel bed and increasing channel width.  Although
measurements of the discharge and other parameters are not available, it is possible to describe, at
least in trend, the nature of power transformation in the river channel.  At the river mouth, the base
level was controlled in the reservoir.  The rising base level first caused a lower velocity and energy
gradient  in the river channel near the mouth in relation to its upstream reach.  In response to this
change, channel adjustments through widening and aggradation near the mouth provided greater flow
resistance and power expenditure at this location partly due to the increased boundary resistance.
This process resulted in a more uniform power expenditure per unit channel length along the river.

A lowering base level, on the other hand, would result in a higher energy gradient in the river
channel near the mouth.  The higher energy gradient could be reduced through the development of
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a narrower and deeper channel at this location.  This process would also result in a more uniform
power expenditure along the channel.  Such morphological features for deltas are also applicable to
alluvial fans and hill slopes.

IV.  ANALYTICAL BASIS OF THE FLUVIAL MODEL

The FLUVIAL model with different versions has been developed for water and sediment
routing in rivers while simulating river channel changes as documented in a series of publications
listed in Section I.  River channel changes simulated by the model include channel-bed scour and fill
(or aggradation and degradation), width variation, and changes caused by curvature effects.  Because
changes in channel width and channel-bed profile are closely inter-related, modeling of erodible
channels must include both changes.  In fact, width changes are usually greater than the concomitant
scour and fill in the bed, particularly in ephemeral streams.  The analytical background of the
FLUVIAL model is described in the following.

The FLUVIAL model has the following five major components:  (1) Water routing, (2)
sediment routing, (3) changes in channel width, (4) changes in channel-bed profile, and (5) changes
in geometry due to curvature effect.  These inter-related components are described in the following
sections.   A flow chart showing the major steps of the computation is given in Fig. 2. 

 Fig. 2 Flow chart showing major steps of
computation for FLUVIAL model
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This model employs a space-time domain in which the space domain is represented by the
discrete cross sections along the channel; the time domain is represented by discrete time increments.
Temporal and spatial variations in flow, sediment transport and channel geometry are computed
following an iterative procedure.  Water routing, which is coupled with the changing curvature, is
assumed to be uncoupled from the sediment processes because sediment movement and changes in
channel geometry are slow in comparison to the flow hydraulics.

V.  WATER ROUTING

Water routing provides temporal and spatial variations of the stage, discharge, energy gradient
and other hydraulic parameters in the channel.  The water routing component has the following three
major features:  (1) Numerical solution of the continuity and momentum equations for longitudinal
flow, (2) evaluation of flow resistance due to longitudinal and transverse flows, and (3) upstream and
downstream boundary conditions. The continuity and momentum equations in the longitudinal
direction are

MA    MQ
    --- + ----  -  q = 0 (1)
      Mt     Ms

1 MQ       MH     1  M   Q2              Q
   - ---- + g ---  + -- ---  ---  + gS  -  --  q = 0 (2)
      A Mt         Ms     A Ms   A               A2 

where Q is the discharge, A is the cross-sectional area of flow, t is the time, s is the curvilinear
coordinate along discharge centerline measured from the upstream entrance, q is the lateral inflow
rate per unit length, H is the stage or water-surface elevation, and S is the energy gradient .  The
upstream boundary condition for water routing is the inflow hydrographs; the downstream condition
is the stage-discharge relation or the base-level variation.  Techniques for numerical solution of Eqs.
1 and 2 are described by Chen (1973) and Fread (1971, 1974), among others.

In a curved channel, the total energy gradient, S, in Eq. 2 is partitioned into the longitudinal
energy gradient, S', and the transverse energy gradient, S", due to secondary currents, i.e.

S = S' + S"        (3)

The longitudinal energy gradient can be evaluated using any valid flow resistance relationship.  If
Manning's formula is employed, the roughness coefficient n must be selected by the modeler.
However, if a formula for alluvial bed roughness (e.g., Brownlie's formula, 1983) is used, the
roughness coefficient is predicted by the formula. 

Method for evaluating the transverse energy gradient  by Chang (1983) is used in the model.
Because of the streamwise changing curvature, the transverse energy loss varies with the growth and
decay of secondary currents.  Analytical relationships pertaining to curved channels are often based
upon the mean channel radius, rc.  Under the streamwise changing curvature, the application of such
relationships is limited to fully-developed transverse flow for which the curvature is defined.
Streamwise variation of transverse flow, over much of the channel length, is characterized by its
growth and decay.  In order to describe this spat ial variation, the mean flow curvature defined as the
flow curvature along the discharge centerline is employed.  It is assumed that analytical relationships
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for developed transverse flows are applicable for developing transverse flows when the mean channel
curvature, rc, is replaced by the mean flow curvature, rf.  Upon entering a bend, the mean flow
curvature increases with the growth in transverse circulation.  In a bend, the transverse flow becomes
fully developed if the flow curvature approaches the channel curvature.  In the case of exiting from
a bend to the downstream tangent in which the channel curvature is zero, the flow curvature
decreases with the decay of transverse circulation.

The reason that the flow curvature lags behind the channel curvature during circulation
growth and decay is attributed to the internal turbulent shear that the flow has to overcome in
transforming from parallel flow into the spiral pattern and vice versa.  From the dynamic equation for
the transverse velocity, an equation governing the streamwise variation in transverse surface velocity,
v, was derived (Chang, 1984).  In finite difference form, the change in v over the distance )s is given
by

                                      U          
vi+1 = [vi + F1(f) --- exp[F2 (f) )s] )s ] exp[-F2 (f) )s]  (4)

                                       rc        

where v is the transverse surface velocity along discharge centerline, U is the average velocity of a
cross section, i and i+1 are s-coordinate indices, F1 and F2 are functions of f (friction factor) and
depth, and the overbar denotes averaging over the incremental distance between i and i+1.  Eq. 4
provides the spatial variat ion in v, from which the mean flow curvature may be obtained using the
transverse velocity profile.  From the transverse velocity profile by Kikkawa, et al. (1976), the mean
flow curvature, rf, is related to the transverse surface velocity as

                   Dc  U     10      1  5    f     1/2
rf = ---- --- [----  -  -- -- (--)     ]      (5)

                    6   v       3       6 9   2  

where Dc is the flow depth at discharge centerline (thalweg) and 6 is the Karman constant.  At each
time step, the mean flow curvature at each cross section is obtained using Eqs. 4 and 5.  Accuracy
of computation for the finite-difference equation (Eq. 4) is maintained if the step size )s # 2Dc.  For
this reason, the distance between two adjacent cross sections is divided into smaller increments if
necessary.   Flow parameters for these increments are interpolated from values known at  adjacent
cross sections.

If the temporal terms in Eqs. 1 and 2 are ignored, water routing may be simplified by
computing water-surface profiles at successive time steps.  This option is available in the model.
Computation of the water-surface profile at each time step is based upon the standard-step method
(see Chow, 1957) using techniques similar to the HEC-2 computer model (U. S. Army Corps of
Engineers, 1982).  For many cases, spatial variation in discharge due to channel storage is small and
this technique produces closely similar results as the unsteady routing.

VI.  SEDIMENT ROUTING 

The sediment routing component for the FLUVIAL model has the following major features:
(1) Computation of sediment transport capacity using a suitable formula for the physical conditions,
(2) determination of actual sediment discharge by making corrections for sorting and diffusion, (3)
upstream conditions for sediment inflow, and (4) numerical solution of the continuity equation for
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sediment.  These features are evaluated at each t ime step, the results so obtained are used in
determining the changes in channel configuration.

Determination of Sediment Discharge

To treat the time-dependent and non-equilibrium sediment transport, the bed material at each
section is divided into several, say five, size fractions; the size for each fraction is represented by its
geometric mean.  For each size fraction, sediment transport capacity is first computed using a
sediment-transport formula.  The FLUVIAL model currently provides the choices of the following
six sediment formulas: (1) Engelund-Hansen formula (1967), (2) Yang's unit st ream power formula
(1972, 1986), (3) Graf's formula (1970), (4) Ackers-White formula, (5) Parker, et al. formula for
gravel (1982), and (6) Meyer-Peter and Muller bedload formula.  The actual sediment rate is obtained
by considering sediment material of all size fractions already in the flow as well as the exchange of
sediment load with the bed using the method by Borah et al. (1982).  If the stream carries a load in
excess of its capacity, it will deposit the excess material on the bed.  In the case of erosion, any size
fraction available for entrainment at the bed surface will be removed by the flow and added to the
sediment already in transport.  During sediment removal, the exchange between the flow and the bed
is assumed to take place in the act ive layer at the surface.  Thickness of the active layer is based upon
the relation defined by Borah, et al.  This thickness is a function of the material size and composition,
but also reflects the flow condition.  During degradation, several of these layers may be scoured
away, resulting in the coarsening of the bed material and formation of an armor coat.  However, new
active layers may be deposited on the bed in the process of aggradation.  Materials eroded from the
channel banks, excluding that portion in the wash load size range, are included in the accounting.  Bed
armoring develops if bed shear stress is too low to transport any available size. 

The non-equilibrium sediment transport is also affected by diffusion, particularly for finer
sediments.  Because of diffusion, the deposition or ent rainment of sediment is a gradual process and
it takes certain travel time or distance to reach the transport capacity for a flow condition.  Therefore,
the actual sediment discharge at  a section depends not  only on the transport capacity at the section
but also on the supply from upstream and its gradual adjustment toward the flow condition of this
section.  In the model, the sediment discharge is corrected for the diffusion effects on deposition and
entrainment using the method by Zhang, et  al. (1983). The procedures for computing sediment
transport rate, sediment sorting and diffusion are applied to the longitudinal and transverse directions.
They are also coupled with bed-profile evolution, which is described later in this section.

Sediment discharge may be limited by availability, as exemplified by the flow over a grade-
control structure or bed rock.  The very high transport capacity at such a section, associated with the
high velocity, is limited by the supply rate from upstream; that is, the sediment discharge at such a
section is under upstream control.

Upstream Boundary Conditions for Sediment Inflow

The rate of sediment inflow into the study reach is provided by the upstream boundary
condition for sediment.  If this rate is known, it may be included as a part of the input  and used in the
simulation.  Unfortunately, sediment rating data are rarely very reliable or simply not available.  For
such cases, it is assumed that the river channel remains unchanged above the study reach, and
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sediment inflow rate is computed at the upstream section at each t ime step, the same way they are
computed at other cross sections.  For this reason, the study reach should extend far enough upstream
so that the channel beyond may be considered basically stable.  Factors that may induce river channel
changes must be included in the study reach.

Numerical Solution of Continuity Equation for Sediment

Changes in cross-sectional area, due to longitudinal and t ransverse imbalances in sediment
discharge, are obtained based upon numerical solution of cont inuity equat ions for sediment in the
respective directions.  First,  the continuity equation for sediment  in the longitudinal direction is

                       MAb     MQs (1 - 8) ---- + ----- - qs = 0 (6)
                        Mt        Ms 
                  
where 8 is the porosity of bed material, Ab is the cross-sectional area of channel within some arbitrary
frame, Qs is the bed-material discharge, and qs is the lateral inflow rate of sediment per unit length.
According to this equation, the time change of cross-sectional area MAb/Mt is related to the
longitudinal gradient in sediment discharge MQs/Ms and lateral sediment inflow qs.  In the absence of
qs, longitudinal imbalance in Qs is absorbed by channel adjustments toward establishing uniformity
in Qs.

The change in cross-sectional area )Ab for each section at each time step is obtained through
numerical solution of Eq. 6.  This area change will be applied to the bed and banks following
correction techniques for channel width and channel-bed profile.

From Eq. 6, the correction in cross-sectional area of channel bed for a time increment  can be
written as

                            )t     MQs)Ab = -  ----- (-----  -  qs) (7)
                          1 - 8    Ms 

At a section i, the lateral sediment inflow may be written as

                    1                                  j        j+1

qs  = - ( qs  + qs    ) (8)                  i             i        i 
                    2

where superscripts j and j+1 are the times at t and t+)t, respectively.  This model employs an
upstream difference in s and a centered difference in t for the partial derivative,  MQs/Ms, in Eq. 6, i.e.

                                                             j         j+1           j               j+1
   MQs               2              Qs + Qs         Qs     + Qs                                                         i         i                i-1           i-1 
  -----     = --------------   -------------  -  --------------      (9)
 ‰   Ms •i       )si + )si-1   —          2                      2 ž
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where )si is the distance between sections i and i+1, )si-1 is the distance between i-1 and i.  With this
upstream difference for MQs/Ms, the change in bed area at a section i depends on sediment rates at this
section and its upstream section i-1; it is independent of the sediment rate at the downstream section.
In other words, it is under upstream control.  Contrary to this, the stage at a section in subcritical
flow depends on the downstream stage and is independent of the upstream stage; i.e.,  the stage is
under downstream control in a subcritical flow.

VII.  SIMULATION OF CHANGES IN CHANNEL WIDTH

The change in cross-sectional area )Ab obtained in sediment routing represents the correction
for a time increment )t that needs to be applied to the bed and banks.  With  )Ab being the total
correction, it is possible for both the bed and banks to  have deposit ion or erosion; it is also possible
to have deposition along the banks but erosion in the bed and vice versa.  The direction of width
adjustment is determined following the stream power approach and the rate of change is based upon
bank erodibility and sediment transport described in the following.

Direction of Width Adjustment

For a time step, width corrections at all cross sections are such that the streamwise
distribution of stream power for the reach moves toward uniformity; these corrections are subject to
the physical constraint of rigid banks and limited by the amount of sediment removal or deposition
along the banks within the time step.  A river channel undergoing changes usually has nonuniform
spatial distribution in power expenditure or (QS.  Usually the spatial variation in Q is small, but that
in S is pronounced.  An adjustment in width reflects the river's adjustment in flow resistance, that is,
in power expenditure.  A reduction in width at a cross section is usually associated with a decrease
in energy gradient for the section, whereas an increase in width is accompanied by an increase in
energy gradient.  To determine the direction of width change at a section I, the energy gradient at this
section, Si, is compared with the weighted average of its adjacent sections, Si. Here

        S i+1 )si-1 + Si-1 )si
Si = ------------------------ (10)

                         )si + )si-1 

If the energy gradient Si is greater than Si, channel width at this section is reduced so as to decrease
the energy gradient .  On the other hand, if Si is lower, channel width is increased in order to raise the
energy gradient.  These changes are subject to the rate of width adjustment and physical constraints.

Width changes in alluvial rivers are characterized by widening during channel-bed aggradation
(or fill) and reduction in width at the time of degradation (or scour).  Such river channel changes
represent the river's adjustments in resistance to seek equal power expenditure along its course.  A
degrading reach usually has a higher channel-bed elevation and energy gradient than do its adjacent
sections.  Formation of a narrower and deeper channel at the degrading reach decreases its energy
gradient  due to reduced boundary resistance.  On the other hand, an aggrading reach is usually lower
in channel-bed elevation and energy gradient.  Widening at the aggrading reach increases its energy
gradient  due to increasing boundary resistance.  These adjustments in channel width reduce the spatial
variation in energy gradient and total power expenditure of the channel.
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Rate of Width Adjustment

For a time increment, the amount of width change depends on the sediment rate, bank
configuration and bank erodibility.  The slope of an erodible bank is limited by the angle of repose
of the material. The rate of width change depends on the rate at which sediment material is removed
or deposited along the banks.  For the same sediment rate, width adjustment at a tall bank is not as
rapid as that at a low bank.  The rates of width adjustment for cases of width increase and decrease
are somewhat different as described below separately.

An increase in width at a channel section depends on sediment removal along the banks.  The
maximum rate of widening occurs when sediment inflow from the upstream section does not reach
the banks of this section while bank material at this section is being removed.  River banks have
different degrees of resistance to erosion; therefore, the rate of sediment removal along a bank needs
to be modified by a coefficient.  For this purpose, the bank erodibility factor is introduced as an index
for the erosion of bank material and the four bank types reflecting the variation in erodibility are
classified as follows

(1) Non-erodible banks.
(2) Erosion-resistant banks, characterized by highly cohesive material or substantial  
vegetation, or both.
(3) Moderately erodible banks having medium bank cohesion.
(4) Easily erodible banks with noncohesive material.

Values of the bank erodibility factor vary from 0 for the first type to 1 for the last type of banks.  The
values of 0.2 and 0.5 have been empirically determined for the second and third types, respectively,
based upon test and calibrat ion of the model using field data from rivers in the western U. S.
However, the bank erodibility factor should still be calibrated whenever data on width changes are
available. 

A decrease in channel width is accomplished by sediment deposition along the banks or by
a decrease in stage, or both.  For practical reasons, deposition does not exceed the stage in the model.
The maximum amount of width reduction at  a section occurs when sediment inflow from the
upstream section is spread out at this section and the sediment removal from the bank areas at this
section is zero.  Within the limit of width adjustment, changes in width are made at all cross sections
in the study reach toward establishing uniformity in power expenditure.

VIII.  SIMULATION OF CHANGES IN CHANNEL-BED PROFILE

After the banks are adjusted, the remaining correction for )Ab is applied to the bed.
Distribut ions of erosion and deposition, or scour and fill, at a cross section are usually not uniform.
Generally speaking, deposition tends to start from the low point and is more uniformly distributed
because it tends to build up the channel bed in nearly horizontal layers.  This process of deposition
is often accompanied by channel widening.  On the other hand, channel-bed erosion tends to be more
confined with greater erosion in the thalweg.  This process is usually associated with a reduction in
width as the banks slip back into the channel.  Such characteristic channel adjustments are effective
in reducing the streamwise variation in stream power as the river seeks to  establish a new equilibrium.
In the model, the allocation of scour and fill across a sect ion during each time step is assumed to be
a power function of the effective tractive force Jo - Jc, i.e.
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                          (Jo - Jc)
m

)z = ------------------- )Ab (11)
                      '(Jo - Jc)

m )y
                       B

where )z is the local correction in channel-bed elevation, Jo (given by (DS) is the local tractive
force, Jc is the critical tractive force, m is an exponent, and y is the horizontal coordinate, and B is
the channel width.  The value of Jc is zero in the case of fill. 
   

The m value in Eq. 11 is generally between 0 and 1; it affects the pattern of scour-fill
allocation.  For the schematic cross section shown in Fig. 3, a small value of m, say 0.1, would mean
a fairly uniform distribution of )z across the section; a larger value, say 1, will give a less uniform
distribution of )z and the local change will vary with the local tractive force or roughly the depth.
The value of m is determined at each time step such that the correction in channel-bed profile will
result in the most rapid movement toward uniformity in power expenditure, or linear water-surface
profile, along the channel.

  Fig. 3.  Corrections of bed profile for aggradation and degradation. They are made in such
    ways that water-surface profile or power expenditure moves toward uniformity.

Equation 11 may only be used in the absence of channel curvature.  The change in bed area
at a cross section in a curved reach is 

                        1 !
)Ab =  -- # rdz dr  (12)

                        rf
"

where rf is the radius of curvature at the discharge centerline or thalweg.  Because of the curvature,
adjacent cross sections are not parallel and the spacing )s between them varies across the width.
Therefore, the distribution of )z given in Eq. 11 needs to be weighted according to the r-coordinate
with respect to the thalweg radius, rf /r, i.e.
 
                        (Jo - Jc)

m/r
)z = -------------------   )Ab  (13)

                    E (Jo - Jc)
m/r )r

                     B
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IX.  SIMULATION OF CHANGES DUE TO CURVATURE EFFECT

Simulation of curvature-induced scour and deposition is based upon the flow curvature for
which the streamwise variation is given by Eq. 4.  The major features of transverse sediment transport
and changes in bed topography are described below.

Sediment transport, in the presence of transverse flow, has a component in that direction.
Sediment movement in the transverse direction contributes to the adjustment of transverse bed
profile.  In an unsteady flow, the transverse bed profile varies with time, and it is constantly adjusted
toward equilibrium through scour and deposition.  The transverse bed load per unit channel length
qb' can be related to the streamwise transport qb.  Such a relationship by Ikeda (1982) can be written
in parametric form as

qb'                        Mz
---  =  F ( tan *,  ---) (14)

  qb                        Mr 

where * is the angle of deviation of bottom currents from the streamwise direction.  The near-bed
transverse velocity is a function of the curvature, and it is computed using the flow curvature.

Eq. 14 relates the direction of bed-load movement to  the direction of near-bed velocity and
transverse bed slope Mz/Mr.  As transverse velocity starts to move sediment away from the concave
bank, it creates a transverse bed slope that counters the transverse sediment movement.   An
equilibrium is reached, i.e., qb' = 0, when the effects of these opposing tendencies are in balance.
Transverse bed-profile evolution is related to the variation in bed-material load.  Ikeda and Nishimura
(1986) developed a method for estimating transport and diffusion of fine sediments in the transverse
direction by vertical integration of suspended load over the depth.  Their model for predict ing the
transverse bed slope is also employed.

Changes in channel-bed elevation at a point due to transverse sediment movement are
computed using the transverse continuity equat ion for sediment

Mz      1     1   M
-- + ------ -- --- (r qs') = 0          (15)
Mt    1 - 8  r  Mr

Written in finite difference form with a forward difference for qs', this equation becomes

                         )t   2    rk+1 q's k+1 - rk q's k   )zk = ------ ---  ------------------------ (16)
                      1 - 8  rk         rk+1 - rk-1 

where k is the radial (transverse) coordinate index measured from the center of radius.  Equation 16
provides the changes in channel-bed elevation for a time step due to transverse sediment movement.
These transverse changes, as well as the longitudinal changes, are applied to the stream bed at each
time step.  Bed-profile evolution is simulated by repeated iteration along successive time steps.
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X.  TEST AND CALIBRATION OF FLUVIAL-12

The accuracy of a mathematical model depends on the physical foundation, numerical
techniques, and physical relations for momentum, flow resistance and sediment transport.  Test and
calibration are important steps to be taken for more effective use of a model.  Because of the
difference in sensitivity of simulated results to each relation or empirical coefficient, more attention
needs to be paid to those that generate sensitive results.  Major items that require calibration include
the roughness coefficient, sediment transport equation, bank erodibility factor, bed erodibility factor,
and so on.

To determine the sensitivity of flow, the sediment transport, and the channel changes caused
by the variation of each variable, different values of the variable need to be used in simulation runs
and the results so obtained are compared.  Generally speaking, the rate of channel changes is more
sensitive to the sediment rate computed from a sediment equation but the equilibrium channel
configuration is less sensitive.   For example, the constriction scour at a bridge crossing, or the
equilibrium local scour at a bridge pier, is found to be more or less independent o f the sediment
equation, or sediment size, since both inflow and outflow rates of sediment are affected by about  the
same proportion.  It may also be stated that the rate of widening is sensitive to the bank erodibility
factor but that the equilibrium width is not nearly as sensitive.

Field data are generally used for test and calibration of a model.  The required information
includes channel configuration before and after the changes, a flow record, and sediment
characteristics.  Data sets with more complete information are also more useful.   The FLUVIAL-12
has undergone test and calibration using many data sets.  Such studies together with their respect ive
references are given below.  Many such data sets are also useful for the test and calibration of other
models.

(1) Test and Calibration Study Using Data from the San Diego River in Southern California.  Chang,
H. H., 1982, "Mathematical Model for Erodible Channels", Journal of the Hydraulics Division,
ASCE, 108(HY5), 678-689.  Closure in 109(HY4), 655-656. 

(2) Test and Calibration Study Using Data from the Inlet Channel of San Elijo Lagoon in Southern
California.  Chang, H. H., and Hill, J. C., 1977, "Minimum Stream Power for Rivers and Deltas,"
Journal of the Hydraulics Division, ASCE, 103(HY12), 1375-89.

(3) Test and Calibration Study Using Data from the San Dieguito River in Southern California.
Chang, H. H., 1984, "Modeling of River Channel Changes", Journal of Hydraulic Engineering,
ASCE, 110(2), 157-172.  Closure in 113(2), 1987, 265-267.

(4) Test and Calibration Study Using Data from the San Lorenzo River in Northern California.
Chang, H. H., 1985, "Water and Sediment Routing through Curved Channels", Journal of Hydraulic
Engineering, ASCE, 111(4), 644-658.

(5) Test and Calibration Study Using Data from San Juan Creek in Southern California.  Chang, H.
H., 1987, "Modeling Fluvial Processes in Streams with Gravel Mining," in Sediment Transport in
Gravel-Bed Rivers, Thorne, et al. editors, John Wiley & Sons, pp. 977-988.  Also presented at the
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International Workshop on Problems of Sediment Transport in Gravel-Bed River, Colorado State
University, August 12-17, 1985.

(6) Test and Calibration Using the Missouri River Data in Iowa.  Chang, H. H., 1988, "Test and
Calibration Study of the FLUVIAL Model Using the Missouri River Data", Prepared for the
Waterways Experiment Station, U.S. Army Corps of Engineers, Under Contract "Computer-Based
Design of River Bank Protection", No. DACW39-87-0039.

(7) Test and Calibration Study Using Data from the Santa Clara River in Southern California.  Chang,
H. H. and Stow, D., 1989, "Mathematical Modeling of Fluvial Sediment Delivery", Journal of
Waterway, Port, Coastal, and Ocean Engineering, ASCE, 115(3), 311-326.

(8) Test and Calibration Study Using Data from the Fall River in Colorado.  Chang, H. H., 1991,
"Simulation of Bed Topography in a Meandering River", Proceedings of the Fifth Interagency
Sedimentation Conference, Las Vegas, NV, March 21-28.

(9) Test and Calibration Study Using Data from the San Luis Rey River in Southern California.
Chang, H. H., 1991, "Computer Simulation of River Channel Changes Induced by Sand Mining",
Proceedings of International Conference on Computer Applications in Water Resources, July 3-6,
Taipei, Taiwan, Vol. 1, 226-234.

(10) Test and Calibration Study Using Data from Stony Creek in Northern California.  Chang, H. H.,
Harris, C., Lindsay, W., Nakao, S. S., and Kia, R., 1993, "Selecting Sediment Transport Equation
for Scour Simulation at Bridge Crossing", Proceedings of the 1993 National Conference on
Hydraulic Engineering, San Francisco, CA, July 25-30, pp. 1744-1949.  Chang, H. H., 1994,
"Selection of Gravel-Transport Formula for Stream Modeling", Journal of Hydraulic Engineering,
ASCE, Vol. 120, No. 5, May, pp. 646-651.

(11) Test and Calibration Study Using Data from the Feather River in Northern California.  Chang,
H. H., 1993, "Numerical Modeling for Sediment-Pass-Through Operations of Reservoirs on North
Fork Feather River", prepared for Pacific Gas & Electric Company, San Francisco.   Chang, H. H.,
Harrison, L., Lee, W., and Tu, S., 1996, "Numerical Modeling for Sediment-Pass-Through
Reservoirs", Journal of Hydraulic Engineering, ASCE, Vol. 122, No. 7, pp. 381-388.

(12) Test and Calibrat ion Study Using Data from the San Dieguito River in Southern California for
the 1993 Floods.  Chang, H.H., 1994, "Test and Calibration of FLUVIAL-12 Model Using Data from
the San Dieguito River”, prepared for Southern California Edison Company.

(13) Test and Calibration Study Using Data from a Tidal Inlet with Oscillating Tidal Flow.  Chang,
H. H., 1997, ” Modeling Fluvial Processes in Tidal Inlet”, Journal of Hydraulic Engineering, ASCE,
Vol. 123, No. 12, pp. 1161-1165.
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APPENDIX B. USERS INSTRUCTIONS FOR THE FLUVIAL MODEL

I.  INPUT DESCRIPTION

The basic data requirements for a modeling study include (1) topographic maps of the river
reach from the downstream end to the upstream end of study, (2)  digitized data for cross sections
in the HEC-2 format with cross-sectional locations shown on the accompanying topographic maps,
(3) flow records or flood hydrographs and their variations along the study stream reach, it any, and
(4) size distributions of sediment samples along the study reach.  Additional data are required for
special features of a study river reach.
     

The HEC-2 format for input  data is used in all versions of the FLUVIAL model.  Data records
for HEC-2 pertaining to cross-sectional geometry (X1 and GR), job title (T1, T2, and T3), and end
of job (EJ), are used in the FLUVIAL model.  If a HEC-2 data file is available, it is not necessary to
delete the unused records except that the information they contain are not used in the computat ion.
For the purpose of water- and sediment-routing, additional data pertaining to sediment characteristics,
flood hydrograph, etc., are required and supplied by other data records.  Sequential arrangement of
data records are given in the following.

Records    Description of Record Type

T1,T2,T3 Title Records
  G1       General Use Record
  G2       General Use Records for Hydrographs
  G3      General Use Record 
  G4     General Use Record for Selected Cross-Sectional Output
  G5       General Use Record
  G6       General Use Record for Selecting Times for Summary Output
  GS       General Use Records for Initial Sediment Compositions
  GB         General Use Records for Time Variation of Base-Level
  GQ      General Use Records for Stage-Discharge Relation of Downstream Section
  GI     General Use Records for Time Variation of Sediment Inflow 
  X1    Cross-Sectional Record
  XF      Record for Specifying Special Features of a Cross Section 
  GR      Record for Ground Profile of a Cross Section 
  EJ End of Job Record

Variable locations for each input record are shown by the field number.  Each record has an
input format of (A2, F6.0, 9F8.0).  Field 0 occupying columns 1 and 2 is reserved for the required
record ident ification characters.  Field 1 occupies columns 3 to 8; Fields 2 to 10 occupy 8 columns
each.  The data records are tabulated and described in the following.
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T1, T2, T3 Records - These three records are title records that are required for each job.

Field Variable Value Description

  0 IA  T1 Record identification characters

1-10 None Numbers and alphameric characters for title

G1 Record - This record is required for each job, used to enter the general parameters listed below.
This record is placed right after the T1, T2, and T3 records.

Field Variable Value Description

  0       IA G1 Record identification characters 

  1 TYME + Starting time of computation on the hydrograph, in hours

  2 ETIME + Ending time of computation on the hydrograph, in hours

  3 DTMAX + Maximum time increment )t allowed, in seconds
    
  4 ISED 1 Select Graf's sediment transport equation.
    2 Select Yang's unit stream power equation.
                       The sediment size is between 0.063 and 10 mm.

3 Select Engelund-Hansen sediment equation. 
              4 Select Parker gravel equation.

5 Select Ackers-White sediment equation.
6 Select Meyer-Peter Muller equation for bed load.

  5 BEF + Bank erodibility factor for the study reach.  This value is used
for each section unless otherwise specified in Field 9 of the XF
record. Use 1 for highly erodible banks; 0.5 for moderately erodi-
ble banks; and 0.2 for erosion-resistant banks. Any value between 0
and 1 may be used.

  6 IUC 0 English units are used in input and output.
1 Metric units are used in input and output.

  7 CNN + Manning's n value for the study reach.  This value is used for a sec- 
   tion unless otherwise specified in Field 4 of the XF  record.  If bed

roughness is computed based upon alluvial bedforms as specified in
Field 5 of the G3 record, only an approximate n value needs to be
entered here.
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  8 PTM1 + First time point in hours on the hydrograph at which summary out-
 put and complete cross-sectional output are requested.  It isusually

the peak time, but it may be left blank if no output is requested.

  9 PTM2 + Second time point on the hydrograph in hours at which summary
output and complete cross-sectional output are requested. It is
usually the time just  before the end of the simulat ion.  This field
may be left blank if no output is needed.

 10 KPF + Frequency of printing summary output, in number of time steps. 
The default value is 1.

G2 Records - These records are required for each job, used to define the flow hydrograph(s) in the
channel reach.  The first one (or two) G2 records are used to define the spatial variation in water
discharge along the reach; the succeeding ones are employed to define the time variation(s) of the
discharge.  Up to 10 hydrographs, with a maximum of 120 points for each, are currently dimensioned.
See section II for tributaries.  These records are placed after the G1 record. 

Field Variable Value Description

First G2
  0 IA G2 Record identification characters

  1 IHP1 + Number of last cross section using the first (downstream most) hydro-
graph.  The number of section is counted from downstream to
upstream with the downstream section number being one.  See also
section II.

  2 NP1 + Number of points connected by straight segments used to define
the first hydrograph. 

  3 IHP2 + Number of last  section using the second hydrograph if any.
Otherwise leave it blank.

  4 NP2 + Number of points used to define the second hydrograph if any. 
Otherwise leave it blank.

  5 IHP3 + Number of last section using the third hydrograph if any. 
Otherwise leave it blank.

  6 NP3 + Number of points used to define the third hydrograph if any.
Otherwise leave it blank.

  7 IHP4 + Number of last  section using the fourth hydrograph if any.
Otherwise leave it blank.
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  8 NP4 + Number of points used to define the fourth hydrograph if any. 
Otherwise leave it blank.

  9 IHP5 + Number of last section using the fifth hydrograph if any. 
Otherwise leave it blank.

 10 NP5 + Number of points used to define the fifth hydrograph if any. 
Otherwise leave it blank.  

Second G2: Note that this record is used only if more than 5 hydrographs are used for the job. It is
necessary to place a negative sign in front of NP5 located in the 10th field of the first G2 record as
a means to specify that more than 5 hydrographs are used. 

  0 IA G2 Record identification characters

  1 IHP6 + Number of last cross section using the sixth hydrograph if any. 
Otherwise leave it blank. 

  2 NP6 + Number of points connected by straight segments used to define
the sixth hydrograph if any.  Otherwise leave it blank. 

  3 IHP7 + Number of last  section using the seventh hydrograph if any.
Otherwise leave it blank.

  4 NP7 + Number of points used to define the seventh hydrograph

  5 IHP8 + Number of last section using the eighth hydrograph if any. 
Otherwise leave it blank.

  6 NP8 + Number of points used to define the eighth hydrograph

  7 IHP9 + Number of last  section using the ninth hydrograph if any.
Otherwise leave it blank.

  8 NP9 + Number of points used to define the ninth hydrograph

  9 IHP10 + Number of last section using the tenth hydrograph if any. 
Otherwise leave it blank.

 10 NP10 + Number of points used to define the tenth hydrograph
   
Succeeding G2 Record(s)
  1 Q11, Q21 + Discharge coordinate of point 1 for each hydrograph,

Q31 in ft3/sec or m3/sec 
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  2 TM11,TM21 + Time coordinate of point 1 for each hydrograph, in hours
TM31              

  3 Q12, Q22 + Discharge coordinate of point 2 for each hydrograph, in cfs or cms
Q32          

  4 TM12,TM22 + Time coordinate of point 2 for each hydrograph, in hours
TM32

Continue with additional discharge and time coordinates. Note that time coordinates must be in
increasing order.

G3 Record - This record is used to define required and optional river channel features for a job as
listed below.  This record is placed after the G2 records.

Field Variable Value Description

  0 IA G3 Record identification characters

  1 S11 + Slope of the downstream section, required for a job

  2 BSP 0 One-on-one slope for rigid bank or bank protection
+ Slope of bank protection in BSP horizontal units on 1 vertical unit.

In the case of vertical bank, use 0.05 for BSP.  This value is used for
all cross sections unless otherwise specified in Field 8 of the XF record
for a section.

  3 DSOP 0 Downstream slope is allowed to vary during simulation.
1 Downstream slope is fixed at S11 given in Field 1.

  4 TEMP 0 Water temperature is 15oC.
+ Water temperature in degrees Celsius

  5 ICNN 0 Manning's n defined in Field 7 of the G1 record or those in Field 4 of
the XF records are used.

1 Brownlie's formula for alluvial bed roughness is used to calculate
Manning's n in the simulation.

  6 TDZAMA 0 Thickness of erodible bed layer is 100 ft (30.5 m).
+ Thickness of erodible bed layer in ft or m. This value is applied to

the entire channel reach but it may be redefined for a section
using Field 10 of the XF record.

  7 SPGV 0 Specific gravity of sediment is 2.65.
+ Specific gravity of sediment
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  8 KGS 0 The number of size fractions for bed material is 5.
+ The number of size fractions for bed material.  It maximum value is

8.

  9 PHI 0 The angle of repose for bed material is 36o.
+ Angle of repose for bed material

G4 Record -  This is an optional record used to select cross sections (up to 4) to be included at each
summary output.   Each cross section is identified by its number which is counted from the
downstream section.  This record also contains other options; it is placed after the G3 record.

Field Variable Value Description

  0 IA G4 Record identification characters

  1 IPLT1 + Number of cross section 

  2 IPLT2 + Number of cross section

  3 IPLT3 + Number of cross section

  4 IPLT4 + Number of cross section

  5 IEXCAV + A positive integer indicates number of cross section where sand/gravel
excavation occurs. 

  6 GIFAC + A non-zero constant is used to modify sediment inflow at the upstream
section.

  7 PZMIN 0 Minimum bed profile during simulation run is not requested.
1 Output file entitled TZMIN for minimum bed profile is requested.

 10 REXCAV + A non-zero value specifies rate of sand/gravel excavation at Section
IEXCAV.

G5 Record - This is an optional record used to specify miscellaneous options, including unsteady-
flow routing for the job based upon the dynamic wave, bend flow characteristics.  If the unsteady flow
option is not used, the water-surface profile for each time step is computed using the standard-step
method.  When the unsteady flow option is used, the downstream water-surface elevation must be
specified using the GB records.
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Field Variable Value Description

  0 IA G5 Record identification characters

  1 DT 0 The first time step is 100 seconds.
+ Size of the first time step in seconds.

  2 IROUT 0 Unsteady water routing is not used; water-surface profiles are com-
puted using standard-step method.

1 Unsteady water-routing based upon the dynamic wave is used to 
compute stages and water discharges at all cross sections for each
time step.

  3 PQSS 0 No output of gradation of sediment load
3 Gradation of sediment load is included in output in 1,000 ppm by

weight.

  5 TSED 0 Rate of tributary sediment inflow is 1 times the discharge ratio.
+ Rate of tributary sediment inflow is TSED times the discharge ratio.

  6 PTV 0 No output of transverse distribution of depth-averaged velocity 
1 Transverse distribution of depth-averaged velocity is printed.  The

 velocity distribution is for bends with fully developed transverse flow.

 10 DYMAX 0 No GR points are inserted for cross sections.
+ Maximum value of spacing between adjacent points at a cross

section (ft or m).  If this value is exceeded, intermediate points
will be inserted by interpolation.  The number of points inserted
is given in Field 10 of the X3 record in output.

G6 Record - This is an optional record used to select time points for summary output.  Up to 30 t ime
points may be specified.  The printing frequency (KPF) in Field 10 of the G1 Record may be
suppressed by using a large number such as 9999.

Field Variable Value Description

First G6 Record
  0 IA G6 Record identification characters

  1 NKPS + Number of time points

Succeeding G6 Record(s)
  0 IA G6 Record identification characters
     
  1 SPTM(1) + First time point, in hours 
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  2 SPTM(2) + Second time point, in hours

Continue with additional time points.

GS Record - At least two GS records are required for each job, used to specify initial bed-material
compositions in the channel at the downstream and upstream cross sections.  The first GS record is
for the downstream section; it should be placed before the first X1 record and after the G4 record,
if any.  The second GS record is for the upstream section; it should be placed after all cross-sectional
data and just before the EJ record.  Additional GS records may be inserted between two cross
sections within the stream reach, with the total number of GS records not to exceed 15.  Each GS
record specifies the sediment composition at the cross section located before the record.  From
upstream to downstream, exponential decay in sediment size is assumed for the initial distribution.
Sediment composition at each section is represented by five size fractions.  

Field Variable Value Description

  0 IA GS Record identification characters

  1 DFF + Geometric mean diameter of the smallest size fraction in mm

  2 PC + Fraction of bed material in this size range

Continue with other DFF's and PC's.

GB Records - These optional records are used to define time variation of stage (water-surface
elevation) at a cross section.  The first set of GB records is placed before all cross section records
(X1); it specifies the downstream stage.  When the GB option is used, it supersedes other methods
for determining the downstream stage.  Other sets of GB records may be placed in other parts of the
data set; each specifies the time variation of stage for the cross section immediately following the GB
records.

Field Variable Value Description

First GB Record
  0 IA GB Record identification characters

  1 KBL + Number of points used to define base-level changes

Succeeding GB Record(s)
  0 IA GB Record identification characters
     
  1 BSLL(1) + Base level of point 1, in ft or m 

  2 TMBL(1) + Time coordinate of point 1, in hours
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  3 BSLL(2) + Base level of point 2, in ft or m

  4 TMBL(2) + Time coordinate of point 2, in hours

Continue with additional elevations and time coordinates, in the increasing order of time.

GQ Records -  These optional records are used to define stage-discharge relation at the downstream
section.  The GQ input data may not used together with the GB records.

Field Variable Value Description

First GQ Record
  0 IA GQ Record identification characters

  1 KQL + Number of points used to define base-level changes

Succeeding GQ Record(s)
  0 IA GQ Record identification characters
     
  1 BSLL(1) + Base level of point 1, in ft or m 

  2 TMQ(1) + Discharge of point 1, in cfs or cms

  3 BSLL(2) + Base level of point 2, in ft or m

  4 TMQ(2) + Discharge of point 2, in cfs or cms

Continue with additional elevations and discharges, in the increasing order of discharge.

GI Records - These optional records are used to define time variation of sediment discharge entering
the study reach through the upstream cross section.  The GI input data, if included, will supersede
other methods for determining sediment  inflow.  The sediment inflow is classified into the two
following cases: (1) specified inflow at the upstream section, such as by a rating curve; and (2)
sediment feeding, such as from a dambreach or a sediment feeder.  These two cases are distinguished
by DXU in Field 2 of this record.  For the first case, sediment discharge at the upstream section is
computed using size fractions of bed-material at the section, but for the second case,  the size fractions
of feeding material need to be specified using the PCU values in this record.  The upstream section
does not change in geometry for the first case but it may undergo scour or fill for the second case.

Field Variable Value Description

First GI Record
  0 IA GI Record identification characters
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  1 KGI + Number of points used to define time variation of sediment inflow. 

  2 DXU + or 0 Channel distance measured from the upstream section to the
sediment source. A zero value signifies case 1; and non-zero DXU and
KGI signify case 2, for which PCU values are required.

 3-10 PCU + Size fractions of inflow material.  The number of size fractions is
given in Field 8 of the G3 record and the sizes for the fractions are
given in the second GS record.

Succeeding GI Record(s)
  0 IA GI Record identification characters
     
  1 QSU(1) + Sediment discharge of point 1, in cubic ft or m (net volume) per

second 

  2 TMGI(1) + Time coordinate of point 1, in hours

  3 QSO(2) + Sediment discharge of point 2

  4 TMGI(2) + Time coordinate of point 2.

Continue with additional sediment  discharges and t ime coordinates, in the increasing order of time
coordinates. 

X1 Record -  This record is required for each cross section (175 cross sections can be used for the
study reach); it is used to specify the cross-sectional geometry and program options applicable to that
cross-section.  Cross sections are arranged in sequential order starting from downstream. 

Field Variable Value Description

  0 IA X1 Record identification characters

  1 SECNO + Original section number from the map
          
  2 NP + Total number of stations or points on the next GR records for

current cross section

  7 DX + Length of reach between current cross section and the next down-
stream section along the thalweg, in feet or meters

         
  8 YFAC 0 Cross-section stations are not modified by the factor YFAC.   

+ Factor by which all cross-section stations are multiplied to increase
or decrease area. It also multiplies YC1, YC2 and CPC in the XF
record, and applies to the CI record.
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  9 PXSECE 0 Vertical or Z coordinate of GR points are not modified.
+ Constant by which all cross-section elevations are raised or

lowered

 10 NODA 0 Cross section is subject to change.
1 Cross section is not subject to change.

XF Record - This is an optional record used to specify special features of a cross section.

Field Variable Value Description

  0 IA XF Record identification characters

  1 YC1 0 Regular erodible left bank
+ Station of rigid left bank in ft or m, to the left of which channel

is nonerodible.  Note: This stat ion is located at toe of rigid bank;
its value must be non-zero and must be equal to one of the Y coor-
dinates in GR records but not the first Y coordinate.

  2 YC2 0 Regular erodible right bank
+ Station of rigid right bank, to the right of which channel is non-

erodible.  Note: This station is located at toe of rigid bank; its value
must be equal to one of the Y coordinates in GR records but not the
last Y coordinate.

  3 RAD 0 Straight channel with zero curvature
           + Radius of curvature at channel centerline in ft or m.  Center of radius

is on same side of channel where the station (Y-coordinate) starts.  

- Radius of curvature at channel centerline in ft or m.  Center of radius
is on opposite side of zero station.  Note: RAD is used only if concave
bank is rigid and so specified using the XF record.  RAD produces a
transverse bed scour due to curvature. 

  4 CN 0 Roughness of this section is the same as that  given in Field 7 of the
G1 record.

+ Manning's n value for this section
          

  5 CPC 0 Center of thalweg coincides with channel invert at this section.
+ Station (Y-coordinate) of the thalweg in ft or m

  6 IRC 0 Regular erodible cross section
1 Rigid or nonerodible cross section such as drop structure or road

crossing.  There is no limit on the total number of such cross sections.
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  8 BSP 0 Slope of bank protect ion is the same as that given in Field 2 of  the
G3 record.

+ Slope of bank protection at this section in BSP horizontal units
on 1 vertical unit.  Use 0.05 for vertical bank.

5 Slope of rigid bank is defined by the GR coordinates.

  9 BEFX 0 Bank erodibility factor is defined in Field 5 of the G1 record.  
+ A value between 0.1 and 1.0 for BEFX specifies the bank erodibility

factor at this sect ion.
RWD + RWD is the width of bank protect ion of a small channel in the

floodplain. Areas outside this zone remains erodible.  RWD is
specified by a value greater than 1 (ft or m) in this field.  When RWD
is used, BEFX is not specified.

 10 TDZAM 0 Erodible bed layer at this section is defined by TDZAMA in Field
6 of the G3 record.

+ Thickness of erodible bed layer in ft or m.  Only one decimal place
is allowed for this number.

ENEB + Elevation of non-erodible bed, used to define the crest elevat ion of a
grade-control structure which may be above or below the existing
channel bed.  In order to distinguish it from TDZAM, ENEB must
have the value of 1 at the second decimal place.  For example, the
ENEB value of 365 should be inputted as 365.01 and the ENEB value
of -5.2 should be input ted as -5.21. When ENEB is specified, it
supersedes TDZAM and TDZAMA

CI Record - This is an opt ional record used to specify channel improvement options due to
excavation or fill.  The excavation option modifies the cross-sectional geometry by trapezoidal
excavation.  Those points lower than the excavation level are not filled.  The fill option modifies the
cross-sectional geometry by raising the bed elevations to a prescribed level.  Those points higher than
the fill level are not lowered.  Excavation and fill can not be used at the same time.  This record
should be placed after the X1 and XF records but before the GR records.  The variable ADDVOL
in Field 10 of this record is used to keep track of the total volume of excavation or fill along a channel
reach.  ADDVOL specifies the initial volume of fill or excavation.  A value greater or less than 0.1
needs to be entered in this field to keep track of the total volume of fill or excavation until another
ADDVOL is defined. 

Field Variable Value Description

  0 IA G5 Record identification characters

  1 CLSTA + Station of the centerline of the trapezoidal excavation, expressed
according to the stations in the GR records, in feet or meter.
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  2 CELCH  + Elevation of channel invert for trapezoidal channel, in feet or
meters.

  4 XLSS + Side slope of trapezoidal excavation, in XLSS horizontal units for
1 vertical unit.

  5 ELFIL + Fill elevation on channel bed, in feet or meters.

  6 BW + Bed width of trapezoidal channel, in feet or meters.  This width is
measured along the cross section line; therefore, a larger value should
be used if a section is skewed.

 10 ADDVOL 0 Volume of excavation or fill, if any, is added to the total volume
already defined.

+ Initial volume of fill on channel bed, in cubic feet or cubic meters.
- Initial volume of excavation from channel bed, in cubic feet or meters.

GR Record -  This record specifies the elevation and station of each point for a digitized cross
section; it is required for each X1 record.

Field Variable Value Description

  0 IA GR Record identification characters

  1 Z1 ± Elevation of point 1, in ft or m. It may be positive or negative.

  2 Y1 ± Station of point 1, in ft or m

  3 Z2 ± Elevation of point 2, in ft or m

  4 Y2 ± Station of point 2, in ft or m

Continue with additional GR records using up to 79 points to describe the cross section.  Stations
should be in increasing order.  

EJ Record -  This record is required following the last cross section for each job.  Each group of
records beginning with the T1 record is considered as a job.

Field Variable Value Description

  0 IA EJ Record identification characters

1-10 Not used
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II. INPUT PREPARATION FOR TRIBUTARIES

Tributaries may be included in the simulation following either a simplified approach or a
detailed approach.  Mixed usage of these two approaches is not currently permitted.

In the simplified approach, cross-sectional data for a tributary are not required; the tributary
water discharge is specified in the G2 record; and tributary inflow of sediment is related to the water
inflow.

Cross-sectional data are required in the detailed approach.  Such cross sections are arranged
in sequence from the confluence toward upstream just as for the main channel cross sections.  They
are placed in the input file after the main channel cross sections.  In addition, the following input
specifications are required:

(1)  Use a negative sign for the first  tributary section number, SECNO, in Field 1 of the X1 record.
This section number is designated as ITR in the model.

(2)  Use a negative sign for a section number IHP1, IHP2, etc. in the G2 record.  This section number
in the main channel is designated as ITM in the model.

(3)  Include a GS record just after the cross-sectional data of the main stream.  Place another GS
record after the cross-sectional data of the tributary and just before the EJ record.  This GS record
is used to specify the bed-material composition at the upstream section of the tributary.

Nine tributaries for detailed analysis are currently allowed for a job.  When selecting this
option, unsteady routing may not used.

III.  OUTPUT DESCRIPTION

Output of the model include initial bed-material compositions, time and spatial variations of
the water-surface profile, channel width, flow depth, water discharge, velocity, energy gradient,
median sediment size, and bed-material discharge.  In addition, cross-sectional profiles are printed
at different time intervals.

Symbols used in the output are generally descriptive, some of them are defined below:
               
SECTION   Cross section
TIME       Time on the hydrograph
DT          Size of the time step or )t in sec
W.S.ELEV  Water-surface elevation in ft or m
WIDTH Surface width of channel flow in ft or m
DEPTH     Depth of flow measured from channel invert to water surface in ft or m
Q Discharge of flow in cfs or cms
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V         Mean velocity of a cross-section in fps or mps
SLOPE     Energy gradient
D50        Median size or d50 of sediment  load in mm
QS        Bed-material discharge for all size fractions in cfs or cms
FR        Froude number at a cross section
N          Manning's roughness coefficient
SED.YIELD Bulk volume or weight of sediment having passed a cross section since

beginning of simulation, in cubic yards or tons.
WSEL    Water-surface elevation, in ft or m
Z     Vertical coordinate (elevation) of a point on channel boundary at a cross-

section, in ft or m
Y          Horizontal coordinate (station) of a point on channel boundary at a cross-
 section, in ft or m
DZ       Change in elevation during the current time step, in ft or m
TDZ       Total or accumulated change in elevation, in ft or m

IV.  RUNNING THE MODEL

The executable file of FLUVIAL-12, FL12.EXE, may be run on a Personal Computer or a
main-frame computer.  To run it on a PC, just type the command FL12.  The computer will respond
by requesting the input file name and then the output file name.  A math coprocessor is required for
the PC.

The device codes for running this program on a main-frame computer are as follows:  1 for
READ, 3 for WRITE into an output file, and 5 for WRITE at  the terminal.

V.  IMPORTANT MESSAGES FOR INPUT PREPARATION

1.  The computing time of this program is sensitive to the reach length between two adjacent
cross sections, DX.  Very small reach lengths which may result in excessive computing time should
be avoided.  In HEC-2, a downstream section and an upstream section are usually used at each bridge
crossing, but these two sections should be combined into one, if possible, for the FLUVIAL
application.

2.  The GR points used to define the ground profile should be selected to provide an accurate
definition of the initial profile.  As such, sufficient points should be used for each cross section.  Also,
large spacing between adjacent points should be avoided even if there is no difference in initial
elevation.  Detailed results rely upon the adequate number of points used.  Use Field 10 of G5 record
to insert points by interpolation.

3.  The number of GR points used in defining the ground profile also affects the computing
time because these points are executed a great number of times for each job.  Points that are definitely
outside the flow boundary level should be deleted during initial editing.  However, because of the
possibility for bank erosion, there should be sufficient points to cover any such potential changes.
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4.  Ineffective flow areas should be specified, either by excluding them from the GR points
or by raising the GR elevations above the water level.

5.  Very fine sediments with a grain size less than 0.0625 mm constitute the wash load and
should normally be excluded from the size-fraction data on GS records.

6.  The bank erodibility factor, BEF, in Field 5 of Record G1, is a control for the rate of
channel widening.  A small value slows down widening.  This value should be calibrated against  field
data whenever possible.

7.  The radius of curvature, RAD, in Field 3 of the XF record should be specified if lateral
migration is simulated.  The rate of lateral migration is controlled by RAD and the bank erodibility
factor BEFX in Field 9 of the G3 record.  In using this option, YC1 or YC2 should not be specified.

8.  The radius of curvature rc (or RAD) along a reach between two adjacent cross sections
is computed by interpolating those defined at the cross sections.  Since rc has infinite value at a
straight section, its adjacent reaches also have infinite rc.  For this reason, a curved reach must be
between cross sections with finite rc values.
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APPENDIX C.  SAMPLE INPUT LISTINGS 

T1      UPPER SAN DIEGO RIVER NEAR CHANNEL ROAD 

T2      FOR SCOUR PREDICTION AT CHANNEL ROAD AFFECTED BY SAND MINING

T3      100-YEAR FLOOD, PEAK Q = 32000 CFS 

G1   5.1  190.20     720       3     0.5            0.04   19.98  189.00    12.0 

G2    11      40 

G2  1250       0    1800       2    3200     8.5   10880      14   32000    19.8 

G2 32000    20.1   22400      26    9600      34    7540      38    3200      50 

G2  1400    50.1    4760      54   14000      60    9800      66    2800      70 

G2  1250    70.1    3040      73    3800      75    2800      80    1250      90 

G2  1250    90.1    3040      93    3800      95    2800     100    1250     120 

G2  1250   120.1    3040     123    3800     125    2800     130    1250     140 

G2  1400   140.1    4760     144   14000     150    9800     156    2800     170 

G2  1250   170.1    3040     173    3800     175    2800     180    1250     190 

G3 0.005 

GS   0.2     0.2    0.75     0.2    1.50     0.2    2.80     0.2     6.5     0.2 

GQ     5 

GQ   365     500     367    1400     368    2500     374    7000     378   34000 

NC  0.04    0.04   0.050     0.1     0.3 

ET           5.1     7.1     5.1    1480    2200    1480    2050                 

X1   730      33  1442.0  2506.4     770     670    889.                         

XF                         0.045 

GR 381.4  1240.4   385.5  1248.9   385.1  1281.3   381.9  1287.2   381.8  1344.2 

GR 380.9  1418.1   383.3  1423.8   383.7  1442.0   380.2  1450.2   373.6  1462.3 

GR 371.3  1477.7   370.2  1538.5   369.6  1639.5   369.1  1690.7   367.9  1700.8 

GR 366.9  1768.1   364.9  1794.5   363.8  1813.3   364.7  1867.4   368.5  1881.3 

GR 369.2  1928.7   368.9  1962.0   366.4  1972.1   364.5  1981.5   366.1  1987.1 

GR 365.8  2005.0   365.2  2006.3   365.2  2164.4   367.0  2167.6   380.0  2214.7 

GR 380.0  2264.0   380.0    2300   380.0    2400 

ET           5.1     7.1     9.1  1167.7    1800  1167.7    1700  1167.7    1850 

X1   734      23  1167.7  1880.1     470     695     550     .95                 

GR 383.7  1100.0   383.7  1167.8   375.2  1179.4   371.2  1192.3     372  1221.7 

GR 370.6  1266.5   370.9  1297.9   372.2  1314.7   371.1  1333.6   367.8  1347.4 

GR 366.0  1382.7   367.4  1394.9   369.7  1408.6   371.2  1440.4   370.6  1523.1 

GR 370.7  1629.9   371.8  1700.0   386.0  1735.0   386.4  1794.7   386.8  1821.3 

GR 387.0  1900.0   387.4    1950   387.8    2000 

NC                            .3      .5                                         

ET           5.1     7.1     5.1     820    1575     820    1470    1000    1350 

X1   738      30     785  1773.9     300     255     298     .82                 

GR 393.6     785   393.6   785.1   392.4   793.5     387     810   382.3   823.8 

GR   371     860     371   967.1     371  1006.6     371  1028.3     371  1040.8 

GR 371.0  1059.7     371  1074.3     371  1101.2   369.5  1112.6   367.3  1144.7 

GR 368.5  1158.1   368.7  1175.8   370.0  1187.1   372.7  1203.2   372.3  1268.1 

GR 373.7  1297.5   373.3  1372.5   371.9  1382.6   371.6  1417.4   369.6  1441.5 

GR 369.6  1470.0   388.0  1507.0   388.5  1597.4   389.0  1694.1   390.0  1800.3 

QT     3   32000   32000    3200                                                 

NC  .060    .050    .035                                                         

ET           5.1     7.1     5.1     720    1475     720    1370     315    1150 

X1   740      30     680  1751.8     130     130     172     .82                 

XF                                   750 

GR   390     680     390  680.05     390   680.1     375   731.3     375   813.5 

GR   375   840.4   374.7   856.6   372.7   867.8   372.6   982.3   372.7  1028.6 

GR 373.6  1063.3   374.8  1074.1   373.8  1084.6   373.6  1101.5   376.3  1116.0 

GR 373.6  1132.8   373.6  1157.4   373.6  1184.7   373.6  1197.2   373.2  1210.1 

GR 373.0  1224.9   373.7  1261.1   372.3  1294.9   374.4  1318.2   372.9  1370.8 

GR 389.0  1403.0   389.6  1540.3   390.0  1629.5   390.3  1674.2   390.5  1750.0 

ET           5.1     7.1     5.1     680     950     680     905     550     800 

X1   741      18     680     905       0     875     350                         

XF                                   800 
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GR   390     680     385     720     380     770     375     790     373     800 

GR   373     810     373     860     373     870     375     880     380     900 

GR   385     905     385     950     385    1175     391    1187   391.5    1250 

GR 391.5    1300   391.7    1400     392    1500 

ET           5.1     7.1     5.1     420     700     420     700                 

X1   744      44     420   655.0     195     205     315 

XF                         0.035 

GR 401.6     0.0   399.9    40.8   395.7    62.5   394.4    95.7   394.6   151.7 

GR 394.4   206.1   392.8   272.1   392.5   356.9   392.3     420     390     430 

GR   385     455     380     480     375     490     373     500     373   581.8 

GR 373.0     600     373     610     375   620.0   380.0   630.0   385.0     640 

GR 390.0     655   391.0     700   391.6   835.7   389.6  1194.5   389.9  1316.4 

GR 390.6  1407.6   392.6  1454.4   392.7  1537.6   393.8  1614.2   393.5  1656.5 

GR 391.9  1705.9   392.7  1792.7   392.9  1881.6   393.5  1973.0   394.0  2089.8 

GR 393.6  2185.3   393.5  2206.6   393.0  2216.3   393.7  2228.0   394.5  2288.3 

GR 403.0  2315.7   413.5  2335.4   414.8  2337.6   416.2  2358.3                 

NC  .050    .050    .045                                                         

ET           5.1     7.1     5.1      50     870     300     730                 

X1   750      45   115.6   629.2     245     250     307 

GR 400.8     0.0   401.0    16.9   399.1    29.3   396.5    35.6   394.6    59.4 

GR 394.7    86.3   390.9    99.6   389.6   115.6   385.9   123.9   381.4   133.0 

GR 380.0   182.8   379.6   255.9   377.3   281.8   377.3   415.2   377.3   527.8 

GR 379.0   532.9   379.1   584.9   377.5   595.6   377.5   605.7   380.0   616.1 

GR 390.7   629.2   391.7   691.1   393.2   760.5   409.3   763.4   409.3   834.1 

GR 393.8   837.5   393.8   908.5   392.3   919.5   393.2   926.6   393.6  1040.7 

GR 393.2  1152.6   393.1  1222.8   393.8  1320.3   393.3  1416.1   393.9  1526.0 

GR 394.8  1646.2   396.9  1679.0   397.4  1735.9   398.3  1810.4   398.1  1885.5 

GR 396.6  1908.9   399.2  1926.1   402.8  1940.8   406.2  1974.6   407.0  1998.3 

NC  .035    .050    .070      .1      .3                                         

ET           5.1     7.1     5.1       1   744.6      70     620                 

X1   760      44    73.3   620.7     415     715     547 

GR 406.1     0.0   406.5    29.9   399.9    41.2   398.6    57.7   394.3    73.3 

GR 386.7    87.9   381.9    95.6   382.3   129.4   378.3   136.2   377.9   186.8 

GR 377.4   258.2   377.8   283.5   380.1   294.7   381.2   335.6   380.9   401.8 

GR 383.3   426.0   383.3   480.5   380.8   498.6   383.1   508.7   384.2   539.1 

GR 382.3   554.2   382.9   583.2   385.4   601.0   392.4   620.7   394.0   641.7 

GR 395.6   705.1   396.8   744.6   394.4   792.8   395.2   835.2   397.0   880.1 

GR 398.9   987.4   398.3  1025.7   397.6  1086.3   397.9  1156.8   399.7  1168.8 

GR 404.9  1187.5   408.2  1203.4   408.6  1266.0   409.3  1311.5   402.5  1325.9 

GR 397.4  1341.7   397.9  1405.0   399.3  1476.3   398.3  1612.4                 

ET                   7.1                             220   897.3                 

X1   764      29   246.4   703.8     770     690     731 

GR 407.6     0.0   405.9    23.8   403.8    30.8   402.6    76.3   401.6   122.8 

GR 402.4   204.5   395.4   216.4   386.7   233.6   388.9   246.4   386.3   272.7 

GR 386.1   280.7   381.6   291.0   380.4   322.9   380.1   390.3   379.5   440.7 

GR 380.4   469.4   381.7   532.9   381.4   556.4   379.6   569.3   379.3   620.9 

GR 379.9   638.2   381.3   677.0   383.7   684.6   389.8   692.1   393.9   703.8 

GR 395.6   731.1   395.9   793.7   396.9   850.8   396.7   897.3                 

ET           5.1     7.1     5.1     380    1335     400    1335                 

X1   765      42   493.7  1228.6     660     160     604 

GR 411.6     0.0   411.7    64.8   406.3    79.3   398.4    98.1   396.5   106.6 

GR 396.4   191.7   397.2   285.4   395.9   335.7   396.2   444.8   395.7   493.7 

GR 392.5   515.9   390.1   528.0   391.1   537.3   390.2   569.5   388.7   624.2 

GR 385.4   630.8   384.3   653.4   383.2   658.0   384.9   663.7   387.9   668.6 

GR 387.6   708.6   386.9   732.1   386.1   769.8   385.2   834.1   383.7   851.4 

GR 383.9   875.9   385.6   894.3   388.9   959.4   388.7  1040.4   386.3  1054.1 

GR 389.1  1065.0   390.3  1122.2   393.1  1186.4   395.5  1228.6   395.7  1312.3 

GR 396.5  1369.3   399.1  1472.8   399.1  1582.3   400.0  1666.6   399.9  1791.8 

GR 399.4  1905.3   399.6  2008.9                                                 

X1   770      35   493.7  1228.6     400     400     400               1 
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GR 396.4   191.7   397.2   285.4   395.9   335.7   396.2   444.8   395.7   493.7 

GR 392.5   515.9   390.1   528.0   391.1   537.3   390.2   569.5   388.7   624.2 

GR 385.4   630.8   384.3   653.4   383.2   658.0   384.9   663.7   387.9   668.6 

GR 387.6   708.6   386.9   732.1   386.1   769.8   385.2   834.1   383.7   851.4 

GR 383.9   875.9   385.6   894.3   388.9   959.4   388.7  1040.4   386.3  1054.1 

GR 389.1  1065.0   390.3  1122.2   393.1  1186.4   395.5  1228.6   395.7  1312.3 

GR 396.5  1369.3   399.1  1472.8   399.1  1582.3   400.0  1666.6   399.9  1791.8 

GS   0.2     0.2    0.75     0.2    1.50     0.2    2.80     0.2     6.5     0.2 

EJ 

APPENDIX D.  SAMPLE OUTPUT LISTINGS 

                              INITIAL BED MATERIAL COMPOSITION 

 

     SECTION     SIZE  FRACTION  SIZE  FRACTION  SIZE  FRACTION  SIZE  FRACTION  SIZE  FRACTION 

                  MM              MM              MM              MM              MM               

 

     730.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     734.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     738.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     740.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     741.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     744.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     750.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     760.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     764.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     765.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

     770.00      0.20   0.200    0.75   0.200    1.50   0.200    2.80   0.200    6.50   0.200   

 

                           THE ENGELUND-HANSEN SEDIMENT FORMULA IS USED 

     TIME =   5.10 HRS   DT =  100 SECS  TIME STEP =   0 

 

     SECTION  W.S.ELEV.  WIDTH   DEPTH    Q      V     SLOPE    D50    QS/Q    FR   SED. YIELD 

                 FT       FT      FT     CFS    FPS              MM  1000 PPM          C. Y. 

 

     730.00    367.97    384.5    4.17   2467   2.71  0.00215   1.39   1.62   0.31   0.903E+01 

     734.00    371.32    384.6    5.32   2467   5.75  0.02074   1.67  32.80   0.96   0.182E+03 

     738.00    373.40    461.6    6.10   2467   2.23  0.00113   1.32   0.54   0.25   0.300E+01 

     740.00    374.29    390.6    1.99   2467   5.62  0.01967   1.69  29.81   0.94   0.166E+03 

     741.00    377.53    110.2    4.53   2467   5.98  0.00450   1.54   6.57   0.54   0.366E+02 

     744.00    378.60    144.4    5.60   2467   3.36  0.00073   1.45   0.61   0.26   0.339E+01 

     750.00    379.24    352.9    1.94   2467   4.52  0.00826   1.54   7.84   0.64   0.436E+02 

     760.00    381.81    292.5    4.41   2467   3.33  0.00234   1.50   1.35   0.37   0.752E+01 

     764.00    383.07    395.0    3.77   2467   2.33  0.00106   1.39   0.52   0.25   0.287E+01 

     765.00    386.95    236.0    3.75   2467   6.74  0.01854   1.67  38.42   0.95   0.214E+03 

     770.00    389.87    432.7    5.67   2467   2.56  0.00164   1.50   0.99   0.30   0.553E+01 

     TIME =   9.96 HRS   DT =  395 SECS  TIME STEP =  60 

 

     SECTION  W.S.ELEV.  WIDTH   DEPTH    Q      V     SLOPE    D50    QS/Q    FR   SED. YIELD 

                 FT       FT      FT     CFS    FPS              MM  1000 PPM          C. Y. 

 

     730.00    371.65    706.9    6.55   5239   2.09  0.00075   0.54   0.58   0.20   0.349E+04 

     734.00    372.51    487.6    8.73   5239   4.43  0.00440   1.52   7.73   0.50   0.135E+05 

     738.00    374.04    512.6    4.87   5239   4.89  0.00649   1.93  11.97   0.60   0.104E+05 
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     740.00    375.19    514.5    4.94   5239   5.13  0.00768   2.74  12.76   0.64   0.137E+05 

     741.00    376.90    117.4    6.10   5239   8.07  0.00500   2.94  12.69   0.60   0.121E+05 

     744.00    378.48    146.4    4.92   5239   7.63  0.00423   2.77  10.11   0.62   0.802E+04 

     750.00    380.56    452.5    3.80   5239   4.45  0.00403   1.49   8.22   0.49   0.825E+04 

     760.00    382.82    381.6    4.98   5239   4.97  0.00464   1.22   9.24   0.53   0.670E+04 

     764.00    385.35    404.2    4.06   5239   3.89  0.00221   0.57   5.23   0.38   0.716E+04 

     765.00    387.37    287.5    6.06   5239   6.09  0.00632   1.76  16.18   0.62   0.230E+05 

     770.00    390.07    454.1    5.87   5239   4.97  0.00586   1.50  13.30   0.57   0.151E+05 

     TIME =  16.80 HRS   DT =  720 SECS  TIME STEP =  96 

 

     SECTION  W.S.ELEV.  WIDTH   DEPTH    Q      V     SLOPE    D50    QS/Q    FR   SED. YIELD 

                 FT       FT      FT     CFS    FPS              MM  1000 PPM          C. Y. 

 

     730.00    376.08    735.7    7.75  21069   5.57  0.00322   0.88  12.01   0.43   0.362E+05 

     734.00    377.83    509.3    7.88  21069   7.65  0.00449   1.85  19.44   0.58   0.870E+05 

     738.00    379.18    509.8   10.27  21069   7.56  0.00432   1.44  15.02   0.57   0.100E+06 

     740.00    379.93    536.2    9.40  21069   8.05  0.00571   2.36  22.21   0.64   0.114E+06 

     741.00    381.02    210.2   11.29  21069  10.25  0.00374   2.22  19.74   0.58   0.121E+06 

     744.00    381.97    203.0   11.12  21069  10.77  0.00323   1.95  18.50   0.61   0.104E+06 

     750.00    384.27    488.6    7.52  21069   7.39  0.00379   1.40  16.65   0.54   0.921E+05 

     760.00    386.40    514.5    9.31  21069   7.32  0.00393   1.50  16.66   0.54   0.925E+05 

     764.00    389.22    469.7    6.61  21069   7.56  0.00391   1.59  16.68   0.55   0.912E+05 

     765.00    391.88    639.3   10.49  21069   6.85  0.00422   1.50  16.17   0.55   0.112E+06 

     770.00    393.59    659.4    9.39  21069   6.80  0.00429   1.50  16.21   0.55   0.104E+06 

     TIME =  19.99 HRS   DT =  720 SECS  TIME STEP = 117 

 

     SECTION  W.S.ELEV.  WIDTH   DEPTH    Q      V     SLOPE    D50    QS/Q    FR   SED. YIELD 

                 FT       FT      FT     CFS    FPS              MM  1000 PPM          C. Y. 

 

     730.00    377.70    745.4    8.27  32000   7.46  0.00495   1.80  19.75   0.55   0.161E+06 

     734.00    379.97    516.5    9.49  32000   8.99  0.00450   2.02  19.80   0.60   0.224E+06 

     738.00    381.35    531.7    8.92  32000   9.02  0.00472   2.04  22.86   0.62   0.244E+06 

     740.00    382.13    543.9    9.73  32000   9.47  0.00574   2.57  25.55   0.67   0.260E+06 

     741.00    383.83    413.5   14.37  32000   9.18  0.00362   1.95  18.76   0.56   0.271E+06 

     744.00    384.35    265.7   12.52  32000  11.08  0.00292   1.65  19.85   0.59   0.240E+06 

     750.00    386.33    500.1    9.44  32000   8.50  0.00358   1.41  19.72   0.55   0.218E+06 

     760.00    388.34    522.5   10.69  32000   8.33  0.00355   1.48  18.99   0.54   0.220E+06 

     764.00    390.87    475.3    8.66  32000   8.68  0.00361   1.62  19.25   0.55   0.220E+06 

     765.00    393.47    683.6   12.04  32000   7.78  0.00405   1.49  19.34   0.56   0.238E+06 

     770.00    395.11    699.4   10.91  32000   7.75  0.00410   1.50  19.34   0.56   0.230E+06 

 

     ID 

     10   SECTION   765.00    TIME =  19.99 HRS   WS = 393.47   WIDTH =  683.6 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    411.60  0.00  0.00     0.0    411.70  0.00  0.00    64.8    406.30  0.00  0.00    79.3 

    398.40  0.00  0.00    98.1    396.50  0.00  0.00   106.6    396.40  0.00  0.00   191.7 

    397.20  0.00  0.00   285.4    395.90  0.00  0.00   335.7    396.20  0.00  0.00   444.8 

    395.70  0.00  0.00   493.7    392.50  0.00  0.00   515.9    390.12  0.00  0.02   528.0 

    391.12  0.00  0.02   537.3    390.22  0.00  0.02   569.5    388.09  0.00 -0.61   624.2 

    383.34  0.00 -2.06   630.8    381.43  0.00 -2.87   653.4    381.43  0.00 -1.77   658.0 

    383.66  0.00 -1.24   663.7    387.18  0.00 -0.72   668.6    387.61  0.00  0.01   708.6 

    386.85  0.00 -0.05   732.1    384.32  0.00 -1.78   769.8    383.09  0.00 -2.11   834.1 

    381.49  0.00 -2.21   851.4    381.80  0.00 -2.10   875.9    384.54  0.00 -1.06   894.3 

    388.93  0.00  0.03   959.4    388.74  0.00  0.04  1040.4    386.40  0.00  0.10  1054.1 
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    389.13  0.00  0.03  1065.0    390.32  0.00  0.02  1122.2    393.10  0.00  0.00  1186.4 

    395.50  0.00  0.00  1228.6    395.70  0.00  0.00  1312.3    396.50  0.00  0.00  1369.3 

    399.10  0.00  0.00  1472.8    399.10  0.00  0.00  1582.3    400.00  0.00  0.00  1666.6 

    399.90  0.00  0.00  1791.8    399.40  0.00  0.00  1905.3    399.60  0.00  0.00  2008.9 

 

     ID 

      9   SECTION   764.00    TIME =  19.99 HRS   WS = 390.87   WIDTH =  475.3 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    407.60  0.00  0.00     0.0    405.90  0.00  0.00    23.8    403.80  0.00  0.00    30.8 

    402.60  0.00  0.00    76.3    401.60  0.00  0.00   122.8    402.40  0.00  0.00   204.5 

    395.40  0.00  0.00   216.4    384.79  0.00 -1.91   232.4    388.88  0.00 -0.02   246.4 

    383.82  0.00 -2.48   271.2    384.70  0.00 -1.40   280.5    382.67  0.00  1.07   289.6 

    382.60  0.00  2.20   322.9    382.51  0.00  2.41   390.3    382.41  0.00  2.91   440.7 

    382.40  0.00  2.00   469.4    382.34  0.00  0.64   532.9    382.29  0.00  0.89   556.4 

    382.26  0.00  2.66   569.3    382.21  0.00  2.91   620.9    382.87  0.00  2.97   638.2 

    383.24  0.00  1.94   677.6    383.52  0.00 -0.18   687.0    387.25  0.00 -2.55   692.2 

    393.90  0.00  0.00   703.8    395.60  0.00  0.00   731.1    395.90  0.00  0.00   793.7 

    396.90  0.00  0.00   850.8    396.70  0.00  0.00   897.3 

 

     ID 

      8   SECTION   760.00    TIME =  19.99 HRS   WS = 388.34   WIDTH =  522.5 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    406.10  0.00  0.00     0.0    406.50  0.00  0.00    29.9    399.90  0.00  0.00    41.2 

    398.60  0.00  0.00    57.7    394.30  0.00  0.00    73.3    387.06  0.00  0.36    88.1 

    383.88  0.00  1.98    96.8    382.05  0.00 -0.25   129.4    377.81  0.00 -0.49   136.0 

    377.67  0.02 -0.23   186.8    377.67  0.02  0.27   258.2    377.67  0.02 -0.13   283.5 

    379.65  0.00 -0.45   294.7    380.53  0.00 -0.67   335.6    380.14  0.00 -0.76   402.1 

    383.28  0.00 -0.02   426.0    383.29  0.00 -0.01   480.5    380.34  0.00 -0.46   498.3 

    383.09  0.00 -0.01   508.7    384.23  0.00  0.03   539.1    382.30  0.00  0.00   554.1 

    384.82  0.00  1.92   582.1    385.99  0.00  0.59   600.7    392.40  0.00  0.00   620.7 

    394.00  0.00  0.00   641.7    395.60  0.00  0.00   705.1    396.80  0.00  0.00   744.6 

    394.40  0.00  0.00   792.8    395.20  0.00  0.00   835.2    397.00  0.00  0.00   880.1 

    398.90  0.00  0.00   987.4    398.30  0.00  0.00  1025.7    397.60  0.00  0.00  1086.3 

    397.90  0.00  0.00  1156.8    399.70  0.00  0.00  1168.8    404.90  0.00  0.00  1187.5 

    408.20  0.00  0.00  1203.4    408.60  0.00  0.00  1266.0    409.30  0.00  0.00  1311.5 

    402.50  0.00  0.00  1325.9    397.40  0.00  0.00  1341.7    397.90  0.00  0.00  1405.0 

    399.30  0.00  0.00  1476.3    398.30  0.00  0.00  1612.4 

 

     ID 

      7   SECTION   750.00    TIME =  19.99 HRS   WS = 386.33   WIDTH =  500.1 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    400.80  0.00  0.00     0.0    401.00  0.00  0.00    16.9    399.10  0.00  0.00    29.3 

    396.50  0.00  0.00    35.6    394.60  0.00  0.00    59.4    394.70  0.00  0.00    86.3 

    390.90  0.00  0.00    99.6    389.60  0.00  0.00   115.6    385.63  0.62 -0.27   123.7 

    383.82 -0.01  2.42   134.2    380.50 -0.02  0.50   182.8    380.18 -0.03  0.58   255.9 

    377.67 -0.04  0.37   281.9    376.82 -0.07 -0.48   415.2    376.82 -0.07 -0.48   527.8 

    379.05 -0.05  0.05   532.9    379.28 -0.05  0.18   584.9    377.45 -0.06 -0.05   595.6 

    378.05 -0.05  0.55   605.4    383.53  0.29  3.53   614.9    390.36  0.00 -0.34   629.2 

    391.70  0.00  0.00   691.1    400.26  0.00  7.06   760.5    402.37  0.00 -6.94   763.4 

    402.77  0.00 -6.53   834.1    400.30  0.00  6.50   837.5    393.80  0.00  0.00   908.5 

    392.30  0.00  0.00   919.5    393.20  0.00  0.00   926.6    393.60  0.00  0.00  1040.7 

    393.20  0.00  0.00  1152.6    393.10  0.00  0.00  1222.8    393.80  0.00  0.00  1320.3 

    393.30  0.00  0.00  1416.1    393.90  0.00  0.00  1526.0    394.80  0.00  0.00  1646.2 

    396.90  0.00  0.00  1679.0    397.40  0.00  0.00  1735.9    398.30  0.00  0.00  1810.4 
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    398.10  0.00  0.00  1885.5    396.60  0.00  0.00  1908.9    399.20  0.00  0.00  1926.1 

    402.80  0.00  0.00  1940.8    406.20  0.00  0.00  1974.6    407.00  0.00  0.00  1998.3 

 

     ID 

      6   SECTION   744.00    TIME =  19.99 HRS   WS = 384.35   WIDTH =  265.7 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    401.60  0.00  0.00     0.0    399.90  0.00  0.00    40.8    395.70  0.00  0.00    62.5 

    394.40  0.00  0.00    95.7    394.60  0.00  0.00   151.7    394.40  0.00  0.00   206.1 

    392.80  0.00  0.00   272.1    392.50  0.00  0.00   356.9    386.14 -0.42 -6.16   420.0 

    384.03  0.07 -5.97   422.9    372.89  0.00-12.11   442.6    372.89  0.00 -7.11   469.9 

    372.89  0.00 -2.11   487.2    372.89  0.00 -0.11   500.0    372.89  0.00 -0.11   581.8 

    372.89  0.00 -0.11   600.0    372.10  0.27 -0.90   610.0    372.10  0.27 -2.90   622.3 

    372.10  0.27 -7.90   634.9    372.10  0.27-12.90   652.0    372.10  0.27-17.90   668.1 

    391.00  0.00  0.00   700.0    391.60  0.00  0.00   835.7    389.60  0.00  0.00  1194.5 

    389.90  0.00  0.00  1316.4    390.60  0.00  0.00  1407.6    392.60  0.00  0.00  1454.4 

    392.70  0.00  0.00  1537.6    393.80  0.00  0.00  1614.2    393.50  0.00  0.00  1656.5 

    391.90  0.00  0.00  1705.9    392.70  0.00  0.00  1792.7    392.90  0.00  0.00  1881.6 

    393.50  0.00  0.00  1973.0    394.00  0.00  0.00  2089.8    393.60  0.00  0.00  2185.3 

    393.50  0.00  0.00  2206.6    393.00  0.00  0.00  2216.3    393.70  0.00  0.00  2228.0 

    394.50  0.00  0.00  2288.3    403.00  0.00  0.00  2315.7    413.50  0.00  0.00  2335.4 

    414.80  0.00  0.00  2337.6    416.20  0.00  0.00  2358.3 

 

     ID 

      5   SECTION   741.00    TIME =  19.99 HRS   WS = 383.83   WIDTH =  413.5 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    390.00  0.00  0.00   680.0    373.57 -1.20-11.43   715.3    370.65  1.00 -9.35   739.2 

    370.65  1.13 -4.35   781.6    370.65  1.19 -2.35   800.0    370.65  1.16 -2.35   810.0 

    370.65  1.00 -2.35   860.0    370.65  0.97 -2.35   870.0    370.65  0.91 -4.35   889.1 

    370.65  0.86 -9.35   904.3    370.65  0.76-14.35   933.6    379.88 -1.20 -5.12   951.5 

    385.00  0.00  0.00  1175.0    391.00  0.00  0.00  1187.0    391.50  0.00  0.00  1250.0 

    391.50  0.00  0.00  1300.0    391.70  0.00  0.00  1400.0    392.00  0.00  0.00  1500.0 

     ID 

      4   SECTION   740.00    TIME =  19.99 HRS   WS = 382.13   WIDTH =  543.9 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    390.00  0.00  0.00   557.6    390.00  0.00  0.00   557.8    390.00  0.00  0.00   558.0 

    371.78 -0.65 -3.22   596.8    374.89 -0.70 -0.11   667.1    375.22 -0.64  0.22   689.1 

    375.26 -0.61  0.56   702.6    371.85 -0.55 -0.85   711.8    372.43 -0.62 -0.17   805.5 

    373.61 -0.52  0.91   843.5    375.88 -0.35  2.28   872.0    377.27 -0.26  2.47   880.8 

    376.45 -0.29  2.65   889.3    376.26 -0.29  2.66   903.4    378.59 -0.16  2.29   915.1 

    376.73 -0.23  3.13   928.7    377.28 -0.19  3.68   949.1    377.56 -0.16  3.96   971.5 

    377.67 -0.14  4.07   981.7    377.56 -0.14  4.36   992.3    377.56 -0.12  4.56  1004.4 

    378.18 -0.08  4.48  1034.1    377.73 -0.06  5.43  1061.8    379.60  0.90  5.20  1080.4 

    382.17  0.00  9.27  1119.7    389.00  0.00  0.00  1150.5    389.60  0.00  0.00  1263.0 

    390.00  0.00  0.00  1336.2    390.30  0.00  0.00  1372.8    390.50  0.00  0.00  1435.0 

 

     ID 

      3   SECTION   738.00    TIME =  19.99 HRS   WS = 381.35   WIDTH =  531.7 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    393.60  0.00  0.00   643.7    393.60  0.00  0.00   643.9    392.40  0.00  0.00   650.7 

    387.00  0.00  0.00   664.2    382.30  0.00  0.00   675.5    375.05  0.15  4.05   701.6 

    373.55  0.16  2.55   793.0    374.38  0.16  3.38   825.4    374.05  0.16  3.05   843.2 
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    373.90  0.16  2.90   853.5    373.68  0.16  2.68   869.0    373.50  0.17  2.50   880.9 

    373.17  0.17  2.17   903.0    373.02  0.17  3.52   912.3    372.60  0.17  5.30   938.7 

    372.78  0.17  4.28   949.6    373.01  0.17  4.31   964.2    373.16  0.17  3.16   973.4 

    373.92  0.16  1.21   986.6    374.14  0.16  1.84  1040.8    376.55  0.13  2.85  1063.9 

    375.54  0.14  2.24  1124.5    376.50  0.13  4.60  1133.7    376.74  0.13  5.14  1162.3 

    375.87  0.14  6.27  1182.0    379.79  0.08 10.19  1204.4    388.00  0.00  0.00  1235.7 

    388.50  0.00  0.00  1309.9    389.00  0.00  0.00  1389.2    390.00  0.00  0.00  1476.2 

 

     ID 

      2   SECTION   734.00    TIME =  19.99 HRS   WS = 379.97   WIDTH =  516.5 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    383.70  0.00  0.00  1045.0    383.58  0.00 -0.12  1109.4    376.35  0.07  1.15  1120.4 

    373.59  0.09  2.39  1132.7    374.07  0.09  2.07  1160.6    372.86  0.10  2.26  1203.2 

    373.09  0.10  2.19  1233.0    374.06  0.09  1.86  1249.0    373.24  0.10  2.14  1266.9 

    370.64  0.12  2.84  1280.0    370.59  0.12  4.59  1313.6    370.61  0.12  3.21  1325.2 

    371.49  0.11  1.79  1338.2    373.36  0.10  2.16  1368.4    372.93  0.10  2.33  1446.9 

    373.30  0.10  2.60  1548.4    374.18  0.09  2.38  1615.0    386.00  0.00  0.00  1648.2 

    386.40  0.00  0.00  1705.0    386.80  0.00  0.00  1730.2    387.00  0.00  0.00  1805.0 

    387.40  0.00  0.00  1852.5    387.80  0.00  0.00  1900.0 

 

     ID 

      1   SECTION   730.00    TIME =  19.99 HRS   WS = 377.70   WIDTH =  745.4 

 

      Z      DZ   TDZ      Y        Z      DZ   TDZ      Y        Z      DZ   TDZ      Y   

 

    381.40  0.00  0.00  1240.4    385.50  0.00  0.00  1248.9    385.10  0.00  0.00  1281.3 

    381.90  0.00  0.00  1287.2    381.80  0.00  0.00  1344.2    380.90  0.00  0.00  1418.1 

    383.30  0.00  0.00  1423.8    383.70  0.00  0.00  1442.0    380.20  0.00  0.00  1450.2 

    375.30  0.00  1.70  1462.3    374.03  0.00  2.73  1477.7    373.35  0.00  3.15  1538.5 

    372.97  0.00  3.37  1639.5    372.65  0.00  3.55  1690.7    372.09  0.00  4.19  1700.8 

    371.55  0.00  4.65  1768.1    370.22  0.00  5.32  1794.5    369.44  0.00  5.64  1813.3 

    370.08  0.00  5.38  1867.4    372.32  0.00  3.82  1881.3    372.71  0.00  3.51  1928.7 

    372.52  0.00  3.62  1962.0    371.23  0.00  4.83  1972.1    369.94  0.00  5.44  1981.5 

    371.04  0.00  4.94  1987.1    370.84  0.00  5.04  2005.0    370.43  0.00  5.23  2006.3 

    370.43  0.00  5.23  2164.4    371.61  0.00  4.61  2167.6    380.00  0.00  0.00  2214.7 

    380.00  0.00  0.00  2264.0    380.00  0.00  0.00  2300.0    380.00  0.00  0.00  2400.0 






















