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1. INTRODUCTION

1.1 MODEL DESCRIPTION

NESTARS (Network of Sediment Transport Model for Alluvial River Simulation) is a quasi-two-dimensional scour and deposition model which may be used to simulate braided river systems (stream networks) and reservoir sedimentation. This model employs uncoupled computational approach to solve scour and deposition problems in the river networks. The uncoupled approach performs separate computations for hydraulic routing and sediment routing. The NETSTARS model is basically an extended GSTARS model (1986). The new model incorporates the GSTARS with BRALLUVIAL (1985) and CHARIMA (1990) models for hydraulic computations as an added feature, and employs principles of conservation of sediments and continuity of sediment transport for sediment computations at the nodes to estimate scour and deposition of the river bed. The GSTARS applies the stream tube concept to river scour and deposition modeling in which one-dimensional computations are made in each stream tube, and may be considered as a quasi-two-dimensional model. The BRALLUVIAL and CHARIMA models are hydraulic and sediment routing models for steady flows and for unsteady flows, respectively, and may be used to model scour and deposition phenomena in one-dimensional river networks. The NETSTARS possesses merits of the three above-mentioned models and is capable of modeling transport characteristics of suspended sediments, and hence, may be employed to simulate reservoir sedimentation phenomena.
On hydraulic routing methods, backwater computation (I), BRALLUVIAL’s steady-flow computation and CHARIMA’s unsteady-flow computation, in addition to GSTARS’s backwater computation (backwater computation (II) as here-in referred to), are available as options. Backwater computation (I) calculates starting water stage and discharge in the network to facilitate BRALLVIAL’s steady-flow computation and CHARIMA’s unsteady-flow computation as well. On sediment routing methods, total sediment load may be computed as a whole or by separate estimates of bed load and suspended load. In the former approach, four transport equations for total load are available to select. In the latter approach, advection-diffusion equations are employed to simulate the transport phenomena of suspended sediments, which may be applied to reservoir sedimentation problems, and three different equations for bed load are available to choose from.
The NETSTARS may be used to model both short-term and 1ong-term flood routing and associated river bed variations by separate computations of hydraulic routing and sediment routing. Known stage hydrograph and discharge hydrograph are used as boundary conditions to calibrate hydraulic parameters in flow computations. For a given discharge, the water surface profile may be obtained by the relationship among energy grade line, flow velocity and flow depth at each cross section. With known discharge and stage, the cross section is subdivided into several stream tubes with equal-conveyance in each tube applying the concept of stream tube. Sediment computations are performed for each stream tube to obtain sediment yield and suspended load with the aid of boundary conditions of sediment inflow and suspended concentration. Appropriate sediment transport equation may be selected for the flow conditions and sediment characteristics in question. Computational results of each time step are used to redefine the water surface elevation and bed form. The NETSTARS is, as is GSTARS, capable of modeling sorting and armoring phenomena, and may be used for river beds composed of non-uniform sediments.

1.2 MODEL APPLICATIONS

Broad applications of NETSTARS model include flow simulations of complex river systems of main stream and tributaries, with steep slope or mild slope, of hydraulic jumps, subcritical and supercritical flows in steady-state conditions, of subcritical flows in unsteady-state conditions, and corresponding scour and deposition simulations of river beds. Bed variations in the transverse direction are reflected as a result of subdividing of stream tubes in the cross section to redefine stream tube boundaries in the simulation. Backwater computation (II) in the model is able to simulate flow conditions in subcritical flows, supercritical flows and mixed flows of supercritical and supercritical types. Simulated results of longitudinal bed profile with one single stream tube are equivalent to one-dimensional HEC-6 (1993) simulations.
Sediment movements in natural streams are generally in equilibrium conditions. The equilibrium conditions no longer exist when a reservoir or hydraulic structure is erected on the river. Consequently, characteristics of flow and sediment transport in the stream change continuously as time progresses. Sediment transport formulas for total load, suitable for rivers in equilibrium state, are used to estimate total sediment load in most models. The NETSTARS separates suspended load and bed load in simulation computations and may be used to forecast changing trends in flow behavior, sediment transport characteristics and bed elevations of the river. Simulated results are helpful to reservoir and channel improving work design.
1.3 MODEL ASSUMPTIONS AND LIMITATIONS

1. The model is not able to simulate secondary currents.
2. The model is not applicable to lateral movement of sediments due to secondary currents in river bends.
3. The model should not be used to predict variations of the bed forms.
4. The cross section of the stream submerged under water is considered as a movable bed. In each time step of sediment computations, the bed of each stream tube is assumed to be uniformly raised or lowered according to computational results of scour and deposition, and subdividing of stream tubes is then performed to redefine stream tube boundaries based on the new channel geometry. By this approach, variations of the channel bed in the transverse direction is reflected.
5. Sediment transport formulas for total load are, in general, suitable for estimating total sediment load under equilibrium conditions. This model is able to estimate suspended load and bed load separately. The advection-diffusion equation is employed to govern the mechanism of suspended sediment movement.  NETSTARS is capable of simulating spatial and temporal variations of concentration of the suspended sediments under nonequilibrium conditions.
6. The roughness coefficient may be inputted as a given value, or estimated by the model using semi-empirical formula. Due to lack of information on roughness coefficient, one may make a quick and easy estimate and obtain the value through a calibrating process.
.
2. FLOW ROUTING

2.1 INTRODUCTION

Computational methods for hydraulic simulations include steady-flow computation, unsteady-flow computation, backwater computation (I) and backwater computation (II). Steady-flow computation employs 1-D energy equation along with continuity equation at the node to solve for stage and discharge by finite difference techniques. Unsteady-flow computation employs de Saint Venant 1-D momentum and continuity equations for gradually-varied flows along with continuity principle at the node using finite differences to solve for stage and discharge. Both backwater computations (I) and (II) employ 1-D energy equation on each single stream tube to solve for stages, and revise discharges of links at the node until the water stages from all links at the node are consistent with one another. The backwater computation (II) is capable of computing mixed flows of subcritical and supercritical types.

2.2 UNSTEADY FLOW COMPUTATION

2.2.1 Governing Equations

For unsteady flow computation are based on the following assumptions: 
(1) the flow is one-dimensional, i.e., the velocity is uniform over the cross section and the water level across the section is horizontal;

(2) hydrostatic pressure distribution prevails at any point in the channel;

(3) the resistance laws for steady-state flow are applicable to unsteady flow;

(4) the channel bed slope is small

The governing equations for unsteady water flow are:

Water-Continuity Equation
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Momentum Equation
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where 
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 = water discharge; 
[image: image4.wmf]t

 = time; 
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 = the longitudinal coordinate; 
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 = energy correction factor; 
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 = cross-section area; 
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 = gravitational acceleration; 
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 = water surface elevation; 
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 = conveyance; u = lateral inflow velocity in the longitudinal direction; 
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 = lateral unit discharge inflow.

In NETSTARS, any of the following formulae can be used to compute 
[image: image13.wmf]K

:

Manning’s formula:
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Chezy’s formula:
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or Darcy-Weisbach’s formula:
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where 
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, 
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, 
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 = roughness coefficients of Manning, Chezy, and Darcy-Weisbach’s formulae, respectively; and 
[image: image20.wmf]R

 = hydraulic radius.

2.2.2 Discretization of Equations
Since no analytical solution is possible, a numerical method whose central feature is Preissmann’s (1977) finite-difference approximation to Eqs. (2.1) and (2.2) is used. The scheme replaces a continuous function, e.g., 
[image: image21.wmf]f

, its time derivative and its space derivative by the following formulae (Fig. 2.1):
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in which the superscript 
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 denotes the time level, the subscript 
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 denotes the computational section; 
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 is the computational time step; 
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 is the distance between points 
[image: image29.wmf]i

 and 
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 (not necessarily constant); and 
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 and 
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 are time and space weighting factors, respectively, with varies between 0 and 1. 
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Fig. 2.1 Preissmann four point finite-difference approximation
Therefore, Eqs. (2.1) and (2.2) take the following algebraic forms, after use of the Pressmann’s discretizations:

(1) Continuity equation
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(2) Momentum equation
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where 
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 = momentum correction factor, C = lateral inflow coefficient. 
In NETSTARS, 
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=0.5, 
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=1.0, and 
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=0.9 are adopted throughout.

Since all needed values are known at time level 
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 (from the initial condition or from the results of the previous time step) and 
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 and 
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 are function of 
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, the problem becomes one of the nonlinear algebraic system in which the four unknowns, 
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Use the Taylor series expansion
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Eqs. (2.9) and (2.10) can be expressed as:
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in which 
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 is water-level corrections at section i+1 for different time steps, 
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 are coefficients.
2.2.3 Solution Strategies

Fig. 2.2 shows a schematic diagram of a portion of a multiply-connected network. As indicated on the diagram, a node is any junction of two or more links, or a boundary point; a link is any flow path beginning at one node and ending at another; a computational point is any location along a link at which the cross-section is known and with which hydraulic parameters are associated; a reach is any stretch of channel between two points. Any link always has at least two points, one associated with the node at each end.
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Fig 2.2 Schematic diagram of a portion of a multiply-connected network
The multiply-connected flow paths of a braided river necessitate the use of non-traditional procedures for solving the governing equations. For a single channel computation, discharges and downstream water stages are known a prior for solving Eqs. (2.1) and (2.2). Then, backwater computations could be proceeded. However, in a multiply-connected system the discharge distribution, i.e., the flow in each channel, must be determined as an integral part of the backwater computation. This determination is based on the application of continuity principles at any junction of two or more channels. 
1. Nodal Continuity:

For solving Eqs.(2-1) and (2-2), quasi-steady-flow assumption is used in nodal continuity. Under the quasi-steady-flow assumption, at any moment the discharge along a link must be constant, i.e., all points must have the same flow. Although Eqs.(2-1) and (2-2) are used for unsteady flows, errors come from this assumption are insignificant. Thus a unique discharge 
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 is associated with each link 
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 at any time. On this basis, the continuity equation (inflow= outflow) for any node 
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 at time level 
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Where 
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 denotes the total number of links connected to node 
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; 
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 is the total number of nodes in the network; and 
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 at time 
[image: image78.wmf]1

+

n

.

If the discharge is expressed as the sum of the latest estimate 
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, Eq. (2.14) can be rewritten as


[image: image81.wmf]M

m

Q

Q

Q

m

L

l

l

m

m

L

l

n

l

m

n

m

,...,

2

,

1

0

)

(

1

,

)

(

1

,

1

=

=

D

+

+

å

å

=

=

+

        (2.15)
Now 
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 values in terms of corrections to water surface elevations at the nodes through use of the energy equation.
2. Formulation of Nodal Matrix Equation

From Eqs. (2.12) and (2.13), one can obtain
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Again, in backwater computations, discharges and water stages are influenced by downstream conditions, thus, it is possible to express the discharge increment at any intermediate point i of the link 
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 as a function of the water level increments at that point and at the last point of the link:
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where 
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and 
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 is the water-level correction at point i = I, the last point on the link.

Coefficients 
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 at point i = I for each link cannot be obtained directly, since the hydraulic conditions are not known a priori (except at a boundary point). However, the recursion relation can always proceed downstream without knowing the conditions at point I, because coefficients 
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 at the second point can be obtained directly from Eq. (2.16):


[image: image102.wmf])

/(

)

(

1

2

2

1

2

1

1

2

1

)

(

b

d

b

d

b

c

b

c

E

l

I

-

-

=

-

                  (2.24)

[image: image103.wmf])

/(

)

(

1

2

2

1

2

1

1

2

1

)

(

b

d

b

d

b

g

b

g

F

l

I

-

-

=

-

                  (2.25)

[image: image104.wmf])

/(

)

(

1

2

2

1

1

2

2

1

1

)

(

b

d

b

d

b

a

b

a

H

l

I

-

-

=

-

                  (2.26)
Thus, once 
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Now the same assumption and procedures are needed to find the nodal relation for point I. Thus:
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From Eqs. (2.12), (2.13), (2.20), and (2.28), the following recursion relations can be obtained:
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Now for i = I(
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Therefore,
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A relation among the water-level changes at adjacent nodes is established by substituting Eqs. (2.27) and (2.35) into the node continuity equation, Eq. (2.15). This leads to the matrix equation
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where {
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} is the vector of water-level corrections at the nodes, 
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 coefficients. 
    In Netstars, boundary conditions of upstream are water level-discharge hydrographs or discharge hydrographs. However, there are three type forms in boundary conditions of downstream. They are discharge hydrographs, water-level hydrographs and discharge-water level rating curves, respectively. With proper boundary conditions, Eq.(2.36) could be solved.
3. Solution in One Iteration

The general solution algorithm comprises four phases for each iteration: link forward sweep, node matrix loading, node solution, link backward sweep. These are described as follows:

(1) Link Forward Sweep

— For each link 
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(2) Node Matrix Loading

— For downstream boundary nodes acquire the imposed water level 
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— For each non-boundary node m:

· Acquire the external inflow 
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· For each link attached to node m, 
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(3) Node Solution

This procedure can be expressed as 
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The detailed solution procedures are omitted in the manual. 
(4) Link Backward Sweep

— For each link 
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 from Eqs. (2.20) and (2.27)

— For each point i, i = 2, I(
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4. Flow Stabilization Procedure for Quasi-Steady Flow

Steady flow calculations are required as part of an unsteady flow simulation study to provide a reasonable initial condition from which an unsteady simulation can be performed. For a complex river system, it is impossible to furnish an initial condition for every computational point which is close to the desired steady state. A common procedure is to start with constant depths and an arbitrary chosen discharge, which can be zero. Obviously, a stabilization procedure is required to smooth out the discontinuities caused by the inconsistency between the initial condition, boundary conditions and the governing equations. The procedure expressed in this section basically follows the algorithm developed by Cunge et al. (1980).

The basic idea of this procedure is to allow disturbances (waves) generated by the initial discharge and water-level discontinuities to propagate out of the system as rapidly as possible. A certain systematic structure of time-step variations is used to stabilize the hydraulic conditions into a steady flow. The series of time steps must start with several small ones, so the computation will not be destroyed due to the rapid variation of water level in the early stages of flow adjustment. After the initial local disturbances are thus smoothed, the model must be run for a long equivalent time, with boundary conditions fixed, to allow for volume adjustment by following a systematic series of time steps which are progressively increased.

The time step could be increased by a certain factor whenever the maximum change in water levels becomes smaller than a specified value 
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 As the time steps increase, the specified criterion 
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 itself becomes smaller and smaller. In addition, if there is danger of the flow passing locally and temporarily into supercritical regime during the stabilization phase, the convective acceleration terms in the de St. Venant equations can be suppressed for a preliminary volume stabilization; then the process can be repeated retaining the convective term to let the water-surface slope adjust to differences in velocity from one section to another. 

Through test experience, the systematic time-step variations and the corresponding specified criterion 
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 used to control the simulation (i.e., when the maximum water-level change is less than 
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 the simulation proceeds to the next iteration with the larger time step), have been established as shown in Table 2.1.
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In Table 2.1, tb is a specified fundamental time step which is determined on the basis of the given initial condition (input variable FDELTB). If the initial condition is close to the true steady state condition, tb can be relatively large, otherwise it must be relatively small. 
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b is the specified fundamental value for the water level change, usually 0.01 feet. As shown in Table 2.1, the time step 
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t is maintained until the maximum water-level change between two successive cycles is less than 
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, then the next larger time step is adopted, and so on. At the end of this procedure the flow is fully stabilized.
2.3 STEADY FLOW COMPUTATION

2.3.1 Governing Equations

Energy Equation for Steady Water Flow：
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2.3.2 Discretization of Equations
The multiply-connected flow paths of a braided river necessitate the use of non-traditional procedures for solving Eq. (2.39). Whereas in a traditional backwater computation the discharge is known a priori, in a multiply-connected system the discharge distribution, i.e., the flow in each channel, must be determined as an integral part of the “backwater” computation. This determination is based on the application of continuity principles at any junction of two or more channels.

Under the quasi-steady-flow assumption, at any moment the discharge along a link must be constant, i.e., all points must have the same flow. Thus a unique discharge Q
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 is associated with each link 
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 at any time. On this basis, the continuity equations (inflow=outflow) for any node m at time level n+1 are the same as Eqs. (2.14) and (2.15). The solution strategy consists in expressing the 
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 values in terms of corrections to water surface elevations at the nodes through use of the energy equation.

The energy Eq. (2.39) written in implicit discrete form across the computational reach between points 
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in which 
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= energy-slope weighting coefficient.

The energy slope 
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Eq. (2.40) is now linearized by expressing each unknown at time level n+1 as the sum of the latest estimate and a correction, e.g., 
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[image: image233.wmf]i

i

y

y

D

+

+
[image: image234.wmf]2

1

1

1

1

1

1

2

)

(

2

)

(

2

+

+

+

+

+

+

D

+

D

+

+

D

+

=

D

+

D

+

i

i

i

i

i

i

i

i

i

i

A

A

Q

Q

g

y

y

A

A

Q

Q

g

l

l

a

a



[image: image235.wmf]]

)

(

1

)

(

[

)

)(

(

2

1

1

2

1

+

+

+

D

+

-

+

D

+

D

+

D

+

-

+

i

i

i

i

i

i

i

i

i

i

K

K

K

K

Q

Q

Q

Q

x

x

b

b

l

l

      (2.43)

This relation is then linearized by neglecting products of correction (delta) quantities and leads to the following relation：
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In the multiply-connected networks, Eq. (2.44) contains three unknowns 
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) + 1 unknown. Thus it is clear that additional equations, arising from imposition of the node continuity Eq. (II.11), must be combined with Eq. (2.44) to obtain a solution for the discharge and level corrections.

One proceeds by seeking to relate the discharge correction in one link, 
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, to the water-level changes at the nodes situated each end of the link. A procedure analogous to the looped-network double-sweep algorithm described by Cunge et al (1980) involves first hypothesizing the relation：
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In NETSTARS, 
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=0.9 and 
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=1.0 are adopted.
Eq. (2.49) can be written for i = I(
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) as：
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In the node-continuity Eq. (2.15), each link-discharge correction 
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 can now be replaced by Eq. (2.56) for the appropriate link, transforming it to：
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          = 0, m = 1,2,….,M    (2.57)

Where 
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 is the total number of nodes in the network.
At this point an important additional constraint is introduced, namely that all points associated with a node m share the same common water level correction, 
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where {
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2.3.3 Solution Strategy
(1) Link Forward Sweep

— For each link 
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(2) Node Matrix Loading

— For m = 1 (always the node situated at the downstream boundary) acquire the imposed water level 
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— For each node m, m = 2, NODES：
· acquires the external inflow 
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(3) Node Solution

— Apply the procedures 
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(4) Link Backward Sweep

— For each link 
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2.4 BACK WATER COMPUTATION (I)

Energy equation for non-prismatic channels takes the form in the trial-and-error step method:
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Where subscript 1 represents upstream section and subscript 2 represents downstream section,; 
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 bed elevation at cross section; 
[image: image318.wmf]=

1

a

 upstream velocity correction coefficient (momentum coefficient).
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in which k is the energy loss coefficient due to eddies

Eq. (2-61) may be rewritten as
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and define
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then 
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For subcritical flow, we may assume downstream (subscript 2) is given and perform computation towards upstream. Trial-and-errors method assumes upstream stage equals downstream stage initially and revises upstream value each step till 
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The value of 
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 is revised in each step until 
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 value approaches zero and the upstream stage is thus obtained. Similar approach applies to the next upstream cross section as the downstream is known, and is repeated upwards to the farthest upstream cross section. For supercritical flows, the upstream (subscript 1) stage is given, computations are performed towards downstream direction. Similar deviation in 
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 value is differentiated with respect to 
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 to obtain an expression for corrected value 
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. Similar procedures are followed in the computations towards the lowest downstream cross section. Backwater computation (I) is applicable to subcritical flows or supercritical flows straight ward, not for transition flows (i.e., mixed flows of subcritical and supercritical). 

This method applies to water surface computations for a single channel. Simple techniques are developed to extend this method to river network applications. In a network , discharges are one of several variables in question, stages at a node, where more than two links join together, by backwater computation (I) may be inconsistent from each link and must be adjusted to have a common valve by applying continuity of discharges at the node and revising discharges of joining links step by step. This technique allows lateral flows at computational points on the link.
Assume a fixed discharge of 
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 at all computational points on a link, and the continuity equation for node m at the time step n+1 takes the form as Eq. (2.15). Take average valve of all link stages, obtained from backwater computation, at the node and determine discharge corrections corresponding to stage corrections in each link. For a given downstream stage of a link (as in subcritical flows) or a given upstream stage of a link (as in supercritical flows), water stages at all computational points on the link may be for steady flow. For a node connecting several links on downstream side, stages of each link at the node may not be consistent, and must be adjusted to have a common value by re-distributing discharges in each link. Techniques for the solution are described as follows. 

(1) For a node having move than one link on downstream side, stages at computational points on each link may be obtained by backwater computation with an initial discharge of 
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where 
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(2) The sum of all discharge corrections 
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 are taken as new discharge corrections for next computation . This procedure is repeated until stages of all links are approximately equal (error of 0.01 m as default value) or the number of iterations reaches 50. In the latter case, the solution for stage and discharge with least error will be selected. The approach may also be used for computing initial stage and discharge.

(3) Generally, allocation of link discharges at a node is considered in proportion to the discharges resulted from previous time step. If upstream flows and/or lateral flows charge at any time step, data-tree search technique is employed to re-calculate discharge allocation and corrections for stage and discharge until the sum of discharges and deviations of stages at the node approach zero. This technique of approach extends present backwater computation to river network solutions for stage and discharge, and may be time-consuming as compared to total solution approach.

2.5 BACK WATER COMPUTATION (II)

For most of the water profile computations, NETSTARS uses the energy equations
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where 
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 = bed elevation; 
[image: image357.wmf]y

 = water depth; 
[image: image358.wmf]a

 = velocity distribution coefficient; 
[image: image359.wmf]t

h

 = total energy loss between section 1 and 2; and subscripts 1 and 2 denotes sections 1 and 2, respectively.

The energy equation is applied if there is no change of flow regime throughout the study reach. If there are changes in flow regime, the momentum equation is used:
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where 
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 = unit weight of water; 
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 = pressure acting on a given cross section; 
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 = weight of water enclosed between sections 1 and 2; 
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where 
[image: image372.wmf]y

 = depth measured from water surface to the centroid of the cross section containing flow. 

Before starting the backwater computation (II), it is necessary to determine the flow regime, i.e., whether the flow conditions are supercritical, subcritical, or critical. For that purpose, the normal and critical depths are computed along the study reach. The normal depth is calculated by satisfying these equations
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where 
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 = conveyance, which is a function of the depth 
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The critical depth is calculated by satisfying the equation
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where 
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 = channel’s top width at the depth 
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 = channel cross-sectional area at depth 
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Sequent depths for a given discharge are the depths with equal specific forces. The specific force of a natural channel can be expressed by 
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where 
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 = specific force corresponding to a water depth 
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; 
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 = total flow area; and 
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 = flow area in which motion exists. 

The sequent depth is computed where hydraulic jumps occur. An iterative trial-and error procedure is used to find the sequent water surface elevation. The process starts with two guesses; the critical water surface elevation with the theoretical minimum specific force, and the maximum bottom elevation for the cross section. The subcritical sequent water surface elevation is located within these two values. The bisection method is used to solve equation
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where 
[image: image388.wmf]a

d

 = computed supercritical water surface elevation, and 
[image: image389.wmf]b

d

 = desired subcritical sequent water surface elevation. 

Detailed procedures for normal, critical, and sequent depth computations can be found in open channel hydraulics books (e.g., Chow, 1959; Henderson, 1966) and in the paper by Molinas and Yang (1985). 

2.6 GEOMETRIC COMPUTATION
The river reach to be modeled must be described by a finite number of discretized cross sections. Cross section geometry is described by X-Y coordinate pairs, i.e., by coordinate pairs with lateral location and bed elevation.

For natural channels of irregular cross section, the channel can be divided into subchannels. The variables related to the cross-sectional geometry (area, wetted perimeter, hydraulic radius, channel’s top width) are computed for each subchannel. These values are summed to obtain the total values for the cross section. The relationships used are well known in the literature and are the following:
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= number of computed subchannels. The beginning of a subchannel is identified when the bottom elevation of the channel drops below the water surface. The end of a subchannel is identified when the bottom elevation emerges above the water surface elevation.

Each on of these channel divisions would have its own value of the roughness coefficient. Manning, Chezy, or Darcy-Weisbach equations can be selected, with corresponding roughness coefficients are entered from left to right across the section. The total conveyance for each cross section, 
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, is computed as the sum of the conveyance for each subsection of constant roughness. For example, using the Manning’s roughness 
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where the subscript 
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 refers to each individual subsection of the wetted perimeter with a given Manning’s 
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The effective water depth (EFD) is used to determine average bed elevation in NETSTARS model.
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where 
[image: image418.wmf]avg

D

 is the average depth of trapezoidal area below water surface, 
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 is the total number of trapezoids in subdivided cross section. Bed elevations are expressed in four different ways in the NETSTARS, i.e., (1) minimum bed elevation, (2) average bed elevation = water surface elevation – EFD, (3) average bed elevation = water surface elevation – hydraulic depth 
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 is top width, (4) average bed elevation = average elevation of the cross section in which distance between two neighboring cross sectional points is used a weighting factor. The former three expressions indicate that bed elevation is always below the water stage. Expression (1) shows only minimum bed elevation to emphasize local charge, and does not reflect scour and deposition characteristics of the entire cross section. For irregular channels where main channel and its overbanks are clearly distinguishable or thalweg is well defined, expression (1) is deemed adequate to reflect scour and deposition characteristics of the bed. When overbanks are not distinguishable from main channel and cross sections of the channel are extremely irregular, expression (4) seems to better reflect average scour and deposition behavior of channel bed. The fact that bed elevation is higher than water stage would generally with main channel is distinguishable from its overbanks or thalweg in well defined in channel. In this case, it is better to use the first three expressions for bed elevation. Expressions (2) and (3) refer to water surface elevation, hence the water surface elevation must be maintained at same level for comparison of average scour and deposition characteristics.

2.7 HYDRAULIC PARAMETERS FOR SEDIMENT COMPUTATION

Hydraulic parameters required for sediment load computation are flow velocity, flow depth, hydraulic radius, top width, friction slope and flow discharge at the cross section.
2.8 ROUGHNESS COEFFICIENTS

Roughness coefficients are generally a complex function of flow discharge, flow depth, grain sizes of bed materials, bed form and bed surface covering. For simplification, roughness coefficients are assumed constant values in NETSTARS model and need to be calibrated in advance. Energy losses due to grain roughness, bed form, channel bend, contraction, expansion, confluence, vegetation cover on overbarks are lumped and reflected in roughness coefficients. NETSTARS model allows the user to determine roughness coefficient with three options, i.e., (1) Manning’s formula, (2) Chezy’s formula and (3) Darcy-Weisbach formula. In addition, the model provides two other formulae which automatically compute Manning’s n value.
One is to revise energy slope by weighting method and them solve for n value by Manning’s formula.
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The other is Limerinos’ (1970) formula
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where 
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 is hydraulic radius in feet, 
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 is the grain size 84% of bed materials are smaller than that size in feet.
3. SEDIMENT ROUTING

3.1 INTRODUCTION

According to sediment moving behaviors, transport of sediments in natural streams may be divided into bed load and suspended load, or wash load and bed material load. Because wash load is insignificant in natural streams, for scour and deposition study of river bed, the bed material load is considered as the total load. 
Sediment routing is performed with given stages and discharges, obtained by flow routing, for each stream tube in the cross section per stream tube concept. Sediment loads are computed for each steam tubes of equal conveyance in the cross section (per stream tube concept) and continuity equation of sediments is applied to determine average bed change in each stream tube. Since the discharge and bed form may change from time step to time step, boundaries of subdivided stream tubes may vary accordingly, as a result, transverse bed form change is simulated. 

Sediment load computation, bed sorting and armoring, sediment load conditions at boundaries and nodes, and sediment size demarcation for bed load and suspended load are described in the following sections.
3.2 STREAM TUBE CONCEPT

By definition, a streamline is a conceptual line to which the velocity vector of the fluid is tangent at each and every point, at each instant in time. Stream tubes are conceptual tubes whose walls are defined by streamlines. The discharge of water is constant along a stream tube because no fluid can cross the stream tube boundaries. Therefore, the variation of the velocity along a stream tube is inversely proportional to the stream tube area. Fig. 3.1 illustrates the basic concept of stream tubes used in NETSTARS.

NETSTARS uses the stream tube concept to accomplish a semi-two-dimensional approximation of the region being modeled. This allows the program to consider not only longitudinal, but also lateral variations of the hydraulics and sediment activity at each cross section of the study. The use of stream tubes by NETSTARS is described in this section.

The water surface profiles are computed first, as descried in the previous sections of this chapter. The channel is then divided into a selected number of stream tubes with the following characteristics: (1) the total discharge carried by the channel is distributed equally among the stream tubes; (2) stream tubes are bounded by channel boundaries and by imaginary vertical walls; (3) the discharge along a stream tube is constant; and (4) there is no exchange of water or sediments through stream tube boundaries.
[image: image431.jpg]



Fig. 3.1 Basic concept of stream tubes used in NETSTARS
Due to the nature of the backwater computations, the water surface elevation is assumed to be horizontal across each cross section. The lateral locations of the stream tubes are computed at each time step from the channel conveyance, i.e., stream tube boundaries are set to provide equal conveyance. As described earlier, each cross section is divided into 10 subsections of equal width, form which the channel’s total conveyance is computed incrementally, as a sum of these individual conveyances. The total conveyance is divided by the number of stream tubes to yield stream tube conveyance, and the locations of the stream tube boundaries are determined accordingly.

Stream tube locations are computed for each time step, therefore they are allowed to vary with time. Sediment routing is carried out independently for each time step, therefore they are allowed to vary with time. Sediment routing is carried out independently for each stream tube and for each time step. Bed material composition is computed for each tube at the beginning of the time step, and bed sorting and armoring computations are also carried out separately for each stream tube. In NETSTARS, lateral variations of bed material composition are accounted for, and this variation is included in the computations of the bed material composition and sorting for each stream tube. Therefore, although no material is allowed to cross stream tube boundaries during a time step, lateral movement of sediment is accomplished by the lateral variation of the stream tube boundaries from time step to time step.

NETSTARS is not a truly two-dimensional program, therefore it cannot simulate areas with recirculating flows or eddies. Other limitations include the inability of simulate secondary flows, reverse flows, water surface variations in the transverse direction, hydrograph attenuation, and others that result from the use of the simplified governing equations described in this chapter.

3.3 TOTAL LOAD COMPUTATION

NETSTARS model provides two options to estimate total load of sediments. One is the direct estimate of the total load, and the other takes summation of separate estimates of bed load and suspended load. For suspended-load-controlled river reaches, the later approach is performed.

3.3.1 Sediment Transport Functions
NETSTARS model provides four different formulas to compute total load：(1) Yang’s (1973,1984), (2) Ackers-White (1973), (3) Engelund and Hansen (1967), and (4) Van Rijn (1984,1985). The competed result from either formula is expressed in sediment concentration by weight of the mixture, 
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where 
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 flow depth (L); 
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 bed layer thickness (L).
After 
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 is obtained and expressed in volume rate L3/T, sediment continuity equation is employed to solve for bed form change.
3.3.2 Sediment Continuity Equation
3.3.2.1 Governing Equations
The basis for sediment routing computations in NETSTARS is the conservation of sediment mass. In one-dimensional sediment calculation, the sediment continuity equation can be written as


[image: image449.wmf]0

)

1

(

=

-

¶

¶

-

+

¶

¶

sl

d

s

q

t

A

p

x

Q

                      (3.2)

where 
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 = porosity; 
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= volume of bed sediment per unit length; 
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= volumetric sediment discharge; and 
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= lateral sediment inflow.

3.3.2.2 Discretization of Equations
In order to accomplish the discretization process, the change in the volume of bed sediment due to deposition or scour, 
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, is written as
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where 
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= top width; 
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= change in bed elevation (positive for deposition, negative for scour); 
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Using Eq. (3-3), the partial derivative terms are approximated as follows:
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where 
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. The sediment continuity equation, Eq. (3.2), can be used to compute the change in bed elevation, 
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where 
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where N = total number of size fractions present in cross section i. The new channel cross section at station i, to be used at the next time iteration, is determined by adding the bed elevation change to the old bed elevation.

3.4 BED LOAD AND SUSPENDED LOAD COMPUTATION

In a numerical model, bed load and suspended load are treated separately, hence it can not reflect the non-equilibrium deposition of the suspended sediment. To remedy the shortcomings of this type of models, an alternate approach is developed herein. This approach uses the stream tube concept and includes the capability of simulating the movement of suspended load and bed load, and their interactions. Hence, it is able to simulate deposition patterns of the suspended sediment in a non-equilibrium process. 

3.4.1 Sediment Continuity Equation
3.4.1.1 Governing Equations
The sediment continuity equation is given as
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Eq. (3.8) can be rewritten as
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where Qb = bed load transport rate in stream tube; qt = flow discharge in stream tube; Ck = depth-averaged concentration of suspended sediment of size fraction k in stream tube, and Sk = source term of suspended sediment of size fraction k.
3.4.1.2 Discretization of Equation
The difference equation of the sediment continuity equation for every size fraction, i.e., Eq. (3.9), is shown as
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3.4.2 Bed Load Transport Functions
The bed load transport rate 
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 can be calculated using the follow equation
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where 
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 = bed load discharge/unit width, which can be calculated using Meyer-Peter and Muller (1948), Schoklitsch (1935), and Van Rijn (1984) formulas, and 
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 = right and left boundary of stream tube.

3.4.3 Convection-Diffusion Equation

3.4.3.1 Governing Equations
The concentration Ck is calculated using the convection-diffusion equation shown as
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where kx and kz = longitudinal and transverse dispersion coefficients; At = area across stream tube; h = flow depth; and Sk = source term of suspended sediment of size fraction k.

According to Van Rijn (1984) and Holly and Rahuel (1990), the source term 
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where 
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where 
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 = sediment concentration close to channel bed, which can be calculated by the equation proposed by Van Rijn (1984)
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where 
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 = particle diameter of size fraction
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The amount of sediment deposition can be calculated by using the following equation (Holly and Rahuel 1990):
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where 
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with 
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3.4.3.2 Discretization of Equation
The concentration 
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(1) Advection Step. 

The advection portion of Eq. (3.12) can be written as
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where 
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= average velocity.

Using the Holly-Preissmann two-point four-order scheme, the difference equation of Eq. (3.18) can be obtained, when the Courant Number is less than 1
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Differentiating Eq. (3.19) with respect to 
[image: image546.wmf]x

, the difference equation can be obtained
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when Courant Number is greater than 1, the difference equation of Eq. (3.20) can be obtained
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Differentiating Eq. (3.18) with respect to 
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, and then transforming 
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to 
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, the difference equation is obtained
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(2) Longitudinal Diffusion Step

The longitudinal diffusion portion of Eq. (3.11) can be written as  
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Using the Crank-Nicholson central difference method, Eq. (3.22) can be discretized as
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Differentiating Eq. (3.23) with respect to 
[image: image568.wmf]x

, and then using the numerical scheme, the difference equation becomes
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The values of 
[image: image574.wmf]C

 and CX can be obtained by using Gaussian Elimination Method to solve the tri-diagonal matrix formed by Eqs. (3.23) and (3.24).

(3) Transverse-Diffusion Step

The transverse-diffusion portion of Eq. (3.11) can be written as
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Using the same method as the longitudinal diffusion step, Eq. (3.26) can be discretized as
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where
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Differentiating Eq. (3.26) with respect to 
[image: image579.wmf]x

, and then using the Tee scheme, the difference equation is shown as
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The values of 
[image: image583.wmf]C

 and 
[image: image584.wmf]CX

 can be obtained by using Gaussian Elimination Method to solve the tri-diagonal matrix formed by Eqs. (3.27) and (3.28).

(4) Reaction Step

The reaction portion of Eq. (3.12) is shown as 
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Differentiating Eq. (3.29) with respect to 
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 and the difference expression form for 
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3.4.3.3 Solution Strategy
The advection diffusion equation is solved in form separate parts using split operation method. Concentrations terms in advection and in longitudinal diffusion are solved as in a single stream tube within the network. The transverse diffusion is the concentration exchange between stream tubes in a cross section and may be solved Gauss theorem. The concentration terms in reaction are solved as in a single stream tube in a cross section.

Longitudinal and transverse dispersion coefficients are estimated by using Elder’s (1959) empirical equations: 
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. These coefficients should be properly adjusted for reaches of tidal effects.
With given conditions, the advection diffusion equation is solved in form separates parts to revise values of 
[image: image594.wmf]k
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 and 
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 in stream tubes. Details of solution method are described as follows.

1. Advection 
(1)Boundary conditions and initial conditions 
B.C. and I.C. at both upstream and downstream must be given to solve the advection diffusion equation for 
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 values.

     (A)
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 indicating long downstream reach with open boundary; a national control section on the stream; advection of suspended sediments exists.

     (C)
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 indicating closed boundary, no advection occurs. Initial value of 
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 may be obtained from the variation of 
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 with respect to 
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. However, boundary condition of 
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 is difficult to attain. Fortunately, the accuracy of initial and boundary values does not affect significantly the models accuracy as evidenced by Holly and Preissmann (1977). One may assume 
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=0 for starting boundary condition and uses 
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 value in previous time for subsequent computation.  
(2)Node continuity

Assuming that suspended sediments at the node where links join are fully mixed and sediment contents in downstream links are directly proportional to link discharges, then the values of 
[image: image606.wmf]k
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 as and 
[image: image607.wmf]k

CX

 as well are same in all links just downstream of the node. Continuity at the node requires 
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where 
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 = entering concentration at the node (L3/L3); 
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 = entering discharge at the node (L3/T); 
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,

 = exit concentration at the node (L3/L3); 
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 = exit discharge at the node (L3/T).
Suspended sediment fluxes my be represented by 
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, and continuity of fluxes requires 


[image: image615.wmf]å

å

å

å

=

=

in

out

out

in

in

k

out

k

Q

Q

Q

Q

CX

CX

,

,

,

          (3.33)
where 
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 = entering concentration gradient at the node (1/L); 
[image: image617.wmf]out

k

CX

,

 = exist concentration gradient at the node (1/L).
(3)Computation procedures 

The following computations are executed in each time step.

(A)Determination of flow direction 

The direction of flow velocity determines the direction of characteristic line and distributions of link concentration and concentration gradient at the node. The flow direction should be checked in each time step since unsteady flow can be modeled by the NETSTARS.

(B)Obtain all values of 
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 and 
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 (k=1~NF, NF being the total maybe of size fractions) of suspended sediments at upstream boundary.

(C)Proceed computations in downstream direction till a node exists. Values of 
[image: image620.wmf]k
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 and 
[image: image621.wmf]k
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 of suspended sediments at computational points are obtained with an aid of Eqs. (3-19), (3-20) or (3-22) depended courant number at that point.
(D)After computations of all links upstream of the node are completed in step (C), 
[image: image622.wmf]k
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 and 
[image: image623.wmf]k
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 values at the first computational point of downstream links from the node may be determined using Eqs. (3-32) and (3-33).

(E) Steps (C) and (D) are repeated until finished.

2. Longitudinal Diffusion
(1)Boundary conditions and initial conditions 

Three types of boundary conditions are:

(A)
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 known.
(B)
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 indicating long downstream each with open boundary, a natural control section on the stream, diffusion of suspended sediments exists.

(C)
[image: image626.wmf]0
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 indicating closed boundary, no diffusion of suspended sediments exist.

Boundary conditions applied depend upon the coefficients of finite difference equations transformed from longitudinal diffusion equation by Tee Scheme. Initial conditions for longitudinal diffusion equation are taken from the resulted 
[image: image627.wmf]k
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 and 
[image: image628.wmf]k
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 of advection solution.

(2)Node continuity 

The assumptions that no suspended sediments are accumulated at the node and concentration changes though the node due to diffusion remain intact call for
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where 
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 and 
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 are computational point connected to the node. IF the values of concentration gradient of all links at a node CX are computed using node input data or assumed boundary conditions and resulted such that 
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(3)Computation Procedures

(A) Obtain upstream boundary values of 
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 and 
[image: image637.wmf]1

+

n

k

CX

. If only 
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 values are computed using 
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 of next computational point in previous time step.
(B) Values of 
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 or 
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 are taken as downstream boundary conditions. Compute as in step (A).
(C) Proceed computations in downstream direction. When interior node is encountered, computed concentrate gradients at the farthest downstream computational point are treated as boundary conditions at the node to solve for revised 
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 using Eq. (3.25). The revised 
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 values are than used as node boundary conditions to solve for concentrations at computational points using Eq. (3.24).
(D) After computations as in step (C) for upstream link of the node are completed, the values of 
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 and 
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 at the first computational point on the downstream link may be obtain with the aid of Eqs. (3.32) and (3.34).
(E) Steps (C) and (D) are repeated until all finished.

3. Transverse Diffusion
Initial conditions for transverse diffusion are the values of 
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 and 
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 from longitudinal diffusion computation. Boundary conditions are 
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 for stream tubes No.1 and N. No conditions are specified at nodes. Since central difference concept is used to transform transverse diffusion equation into finite difference equation, the solutions for 
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 are for each stream tube in the cross section. Values of a1, a2, b1 and b2 many be computed with given conditions and substituted into equations of 
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 to obtain coefficient matrix. The coefficient matrix is then solved for 
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4. Reaction
Initial conditions for the reaction part are the values of 
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 from transverse diffusion computation; no conditions are specified at boundaries and nodes. The expressions for 
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 in the reaction computations are obtained from analytical solution and direct difference technique. Values of 
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 at computational points are determined by computation coefficients of 
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 and then substituting 
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3.4.4 Computations of Scour and Deposition of the Channel Bed
1. Use numerical method to obtain suspended sediment concentration 
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 and sediment transport formulas to obtain bed load 
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 as previously described. The bed load 
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 in each stream tube should be converted to volume rate in 
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 unit.
2. Values of 
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 and 
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 from step 1 are substituted into Eq. (3.10) to solve for Δ
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. Bed elevations are revised accordingly.
3. Hydraulic computations for stage, discharge and stream tube subdivision are performed in each time step. And then execute steps 1 and 2. The three steps are repeated until the end of simulation time.

3.5 BED SORTING AND ARMORING

Consequently, several different processes may take place. For example, all the finer particles may be eroded, leaving a layer of coarser particles for which there is no carrying capacity. No more erosion may occur for those hydraulic conditions, and the bed is said to be armored. This armor layer prevents the scour of the underlying materials and the sediment available for transport becomes limited to the amount of sediment entering the reach. However, future hydraulic events, such as an increase of flow velocity, may increase the flow carrying capacity, causing the armor layer to break and restart the erosion processes in the reach.

Many different processes may occur simultaneously within the same channel reach. These depend not only on the composition of the supplied sediment, i.e., the sediment entering the reach, but also on bed composition within that reach. The bed composition may vary within the reach both in space and time. In order to model these type of events, GSTARS 3.0 uses the bed composition accounting procedure proposed by Bennett and Nordin (1977).

In Bennett and Nordin’s method, bed accounting is accomplished by the use of two or three conceptual layers (three layers for deposition and two layers for scour). The process is schematically illustrated in Fig. 3.2. The top layer, which contains the bed material available for transport, is called the active layer. Beneath the active layer is the inactive layer, which is the layer used for storage. Below these two layers there is the undisturbed bed, with the initial bed material composition.

The active layer is the most important concept in this procedure. It contains all the sediment that is available for transport at each time step. The thickness of the active layer is defined by the user as proportional to the geometric mean of the largest size class containing at least 1 percent of the bed material at that location. Active layer thickness is, therefore, closely related to the time step duration. Erosion of a particular size class of bed material is limited by the amount of sediments of that size class present in the active layer. If the flow carrying capacity for a particular size class is greater than what is available for transport in the active layer, the term availability limited is used (Bennett and Nordin, 1977). On the other hand, if more material is available than that necessary to fulfill the carrying capacity computed by a particular sediment transport equation, the term capacity limited is used. 
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Fig. 3.2 Conceptual layers for bed sources
The inactive layer is used when net deposition occurs. The deposition thickness of each size fraction is added to the inactive layer, which in turn is added to the thickness of the active layer. The size composition and thickness of the inactive layer is computed first, after which a new active layer is recomputed and the channel bed elevation updated. 

3.6 SEDIMENT LOADS AT NODES AND BOUNDARIES

1. Sediment loads at nodes
Sediment load (total load or bed load) out of a node may be allocated to downstream links in proportion to either link discharges or link sediment transport capacities.

(A) In a proportion to link discharge

Assume that no sediments are allowed to accumulate at the node and sediment load of each link downstream of the node is directly proportional to link discharge (at first cross section of the link), continuity of sediment loads at the node requires that
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where 
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(B) In proportion to sediment transport capacity 

The following continuity relationship of sediments at a node may be established using the rating curve of sediment transport capacity versus discharge (
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) at the first cross section of each link downstream from the node.

[image: image688.wmf]å

å

=

=

+

+

+

=

+

)

(

1

)

(

1

1

,

,

1

,

,

1

m

L

i

m

L

j

n

j

m

out

n

j

m

in

n

m

Qs

Qs

Qs

                  (3.38)

[image: image689.wmf](

)

M

m

Qs

Qs

Q

A

Q

A

Qs

m

L

j

n

j

m

in

n

m

m

L

k

B

k

out

j

c

B

j

out

j

c

n

j

m

out

j

c

j

c

,........,

2

,

1

)

(

1

1

,

,

1

)

(

1

,

,

,

,

1

,

,

,

,

=

÷

÷

ø

ö

ç

ç

è

æ

+

=

å

å

=

+

+

=

+

    (3.39)
where 
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 = coefficient in the relationship between sediment transport capacity and flow discharge; 
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 = exponent in the relationship between sediment transport capacity and flow discharge.

The sediment load allocated to each link downstream from the node 
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 is directly proportional to the link sediment transport capacity as computed from the relationship of sediment transport capacity versus flow discharge at the first cross section of the link downstream from the node.

2. Boundary conditions for sediment loads

(A) Sediment load time series
As obtained from field measurements of sediment loads.

(B) Sediment rating curves

As obtained from statistical analysis of long-term records of flow discharge and sediment load at the study boundary point. The regression result of sediment transport capacity versus flow discharge is generally expressed in the form 
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3.7 DISTINGUISH BETWEEN BED LOAD AND SUSPENDED LOAD

The Rouse number 
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 = shear velocity, is used to distinguish between bed load and suspended load. Particle with 
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4. DATA REQUIREMENTS

This chapter describes the hydraulic and sediment data requirements for NETSTARS. Moreover, this chapter also describes the overall data needs and some of the formats used to input data.

4.1 INPUT CONTROL

4.1.1 Channel Geometry Data

Channel geometry data include cross section geometry, location, and channel roughness. Data are entered in records. Record BR contains the location, elevation of lowest point in the initial cross section, and channel roughness. Record NS is used to specify number of data points in the cross section, increment in bed elevation, enlargement coefficient for the width, scorn limits at river banks and bed elevation. Record GR is used to define the cross section geometry at the given station using X-Y coordinate pairs, i.e., by coordinate pairs with lateral location (X) and bed elevation (Y).

4.1.2 Hydraulic and Hydrologic Data
Hydraulic and Hydrologic data include water discharge, stage, and rainfall. Record AB selects the hydraulic model to execute the flow routing. Record BR contains the initial estimate of water surface elevation and water discharge. Record RE is used to select the calculation method for friction loss calculations and the roughness equation. Record CQ contains water discharge and stage hydrograph at the given node. Record TT is used to define a title.

4.1.3 Sediment Data
Sediment data includes bed material size distributions for the reach of study, the sediment inflow hydrograph entering the reach, stream tube, and sediment transport function. Record AB selects the sediment inflow type at the upstream boundary. Record BC contains the sediment discharge entering the study reach at the cross section farthest upstream as a function of the water discharge. Record BS contains the number of size fractions associated with this cross section. Record CQ contains sediment discharge at the given node. Record IT contains the desired number of time steps for the sediment-routing procedures. Record NT contains the number of stream tube used in sediment-routing computations. Record SE contains the selection of the sediment transport equation and the control of the active layer thickness. Record SF contains the number of sediment size fractions used in the study. Record SG contains the sediment size groups for the study. Record ST is used to define a title in the sediment simulation. Records SN and Record SP are used to specify sediment size fractions at the cross section and on the upstream boundary.
4.1.4 Tributary Inflow Data
The information necessary to model the effects of a tributary flow are the number of the tributary flows, inflow location, tributary’s water discharge, the inflow sediment, and its composition. Records LA and LI contain the number of the tributary flows and the tributary inflow location, respectively. Record LT contains the title for tributary inflow simulation. Record RI contains the lateral inflow water and sediment discharges at the tributary inflow location. 

4.1.5 Suspended sediment Data
Suspended sediment data include initial concentration at the cross section, concentration time series on the upstream boundary and dispersion coefficients. Record AI is used to specify the method for suspended sediment computation. Record CC is use to specify suspended sediment concentration time series on the upstream boundary  Record CF is used to specify the threshold value for suspended sediment concentration and dispersion coefficients at the cross section. Record CT is used to define the title for suspended sediment competitions. The test way includes sources, characteristics and time period of the suspended sediment data.

4.1.6 Node Data and Boundary Conditions
Node data include total number of links at the node and grouping of nodes. At the nodal point is a fictitious cross section in which neither scow nor deposition occurs. At the node, both sum of flow discharges and sum of sediment loads and all zero, and no lateral water flows and lateral sediment inflow allowed. Suspended sediment concentration immediate upstream of the node are distributed to downstream links in proportion to link discharges. Sediment loads upstream of the node may be distributed to downstream links in proportion to either link discharges or link sediment transport capacities. Boundary conditions include discharge, sediment load and suspend sediment concentration time series at upstream boundary, and suspended sediment concentrations at downstream boundary. 
Record AC is used to specify method to determine water stage and suspended sediment concentration gradient on the downstream boundary. Record AJ is used to specify grouping of nodes. Record BC is used to specify the rating curve of sediment load versus flow discharge for sediment inflow computation at upstream boundary. Record BK is used to specify links at a node. Record BL is used to specify link including nodes and computation point on the link. Record CC is use to specify suspended sediment concentration time series at a node. Record CQ is used to specify time series of hydraulic and sediment load at a node. Record SN is used to specify size fraction of sediment at a node.

4.1.7 Other Special Data

Record AB is used to specify time unit for each time step in concentration. Record AI is used to specify number of changes in time step, units (metric or English system) in computation, dispersion coefficients determination, inclusion of lateral flows, and output of longitudinal bed profile. Record AM is used to specify maximum number of iterations in hydraulic computation, roughness coefficient determination, include of sediment computation. Record AT is used to specify beginning and end times of simulation, and time step 
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. Record BE is used to specify error tolerance of water stage and discharge in iteration of hydraulic computations. Record BP is used to specify specific gravity and porosity of sediment, time and space weighty factors, 
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, in de Saint Venant equation, and initial slope of riverbed for steady-flow computation. Record DT is used to specify the time when time step change is required, and the value for new time step.

4.2 OUPUT CONTROL

4.2.1 Initial Data

Record AP allows the user to select link and node data, starting cross section at computation point and sediment load in each stream tube to be printed out. Most of the input data will be echoed in NETS03.OUT file for data verification. 

4.2.2 Flow Data

Record PR provides four options for printouts of hydraulic computations, i.e., (1) no printout required, (2) printout for water surface profile only, (3) add normal and critical depth table to printout, and (4) print all. 

4.2.3 Suspended Sediment Data

Record AP allows the user to control printouts for computed size fractions of suspended sediment concentration in each stream tube.

4.2.4 Sediment Data

Record AP allows the user to control printouts for computed size fractions of sediment load in each stream tube.

4.2.5 Bed Variation Data

Record AP allows the user to control printouts for bed form change in the cross section.
4.2.6 Others

Record AN and record AO allow the user to control printouts for specific cross section at the specified time. Output data include sediment load and bed form change at that particular time, and time series data of discharge, stage, bed form change, sediment load and concentration change up to this time. Time series data are stored in output files NETF01.OUT through NETF0n.OUT. The number of output files equals the total number of specific cross sections. Record TO allows the user to specify the time to print out sediment load and bed form change at the specific cross section, and suspended sediment concentration of each size fraction, longitudinal profiles of discharge, stage, lowest bed elevation, velocity, Froude number, energy slope in the river system. Sediment loads at specific cross section at specified time are stored in NETS02.OUT file. Bed form changes at specific cross section at specific time are stored in NETS08.OUT file. Suspended sediment concentrations of each size fraction in each stream tube in the river system and stored in NETS11.OUT file. Longitudinal profiles of hydraulic parameters are stored in NETS05.OUT file.
5 INPUT DATA RECORDS

5.1 INPUT DATA FORMAT

In NETSTARS the data is tabulated in ASCII files. The file is organized in sequential records. A record is a line of up to 80 characters in length that is divided into fields of fixed width (see Fig. 5.1). Fields are numbered from left to right, starting in the left-most character. Field 0 is 2 characters long and is used to specify the record name (all record names are 2 characters long). Fields 1 to 10 are used to input data to NETSTARS. Field 1 is 6 characters long; fields 2 to 10 are 8 characters long.
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Fig. 5.1
Organization of a data record into different fields.

Each record name is unique and is used to input specific data to the program. A comprehensive list of all the records used by NETSTARS is given in C.2. Not all records are used (for example, some are mutually exclusive) but they have to be in an appropriate sequence. The data requirements presented in this chapter follow the order that should be used when preparing data input for NETSTARS. 

5.2 LIST OF INPUT DATA RECORDS
List of input data records used by NETSTARS as follow:
	1.Record  AB
	Used to specify time unit and methods to compute incoming sediment load and hydraulic parameters.

	2.Record  AC
	Used to specify methods to determine water surface elevation suspended load concentration at downstream boundary. 

	3.Record  AI
	Used to specify output options and methods to compute sediment transport parameters.

	4.Record  AJ
	Used to specify total numbers of nodes, links (reaches), computational points and node groups.

	5.Record  AM
	Used to specify maximum number of iterations for hydraulic computation, methods to compute sediment load and friction coefficient.

	6.Record  AN
	Used to specify number of cross sections to be on output data for results of hydraulic and sediment computations.

	7.Record  AO
	Used to specify the cross section number for output of hydraulic and sediment computational results.

	8.Record  AP
	Used to specify printout of morphologic data and sediment transport data for special events.

	9.Record  AT
	Used to specify start and end times of the event and time step for simulation.

	10.Record  BC
	Used to specify the rating curve of sediment load versus flow discharge at a node.

	11.Record  BE
	Used to specify tolerance of error for iterations on hydraulic computations.

	12.Record  BK
	Used to specify links at a node.

	13.Record  BL
	Used to specify nodes and computational points on a link.

	14.Record  BN
	Used to specify nodes and boundary conditions in a node group.

	15.Record  BP
	Used to specify physical parameters and threshold values.

	16.Record  BR
	Used to specify threshold values for hydraulic parameters at the cross section for hydraulic computations.

	17.Record  BS
	Used to specify grain size fractions of sediments at a cross section.

	18.Record  CC
	Used to specify time series for concentrations of suspended sediment at a node.

	19.Record  CF
	Used to specify threshold value for the concentration of suspended sediment and dispersion coefficients at a cross section.

	20.Record  CQ
	Used to specify time series for hydraulic parameters and incoming sediments at a node. 

	21.Record  CT
	Used to specify the title for suspended sediment data file.

	22.Record  DT
	Used to specify changes in time step.

	23.Record  GR
	Used to specify coordinates of cross section points.

	24.Record  IT
	Used to specify the execution number of computations in each time step for sediment routing.

	25.Record  LA
	Used to specify number of cross sections with lateral inflows.

	26.Record  LI
	Used to specify locations of cross sections with lateral inflows.

	27.Record  LT
	Used to specify the title for lateral inflows data file.

	28.Record  NS
	Used to specify cross section data for scour and deposition.

	29.Record  NT
	Used to specify number of stream tubes in a link.

	30.Record  PR
	Used to specify printout for computational results of water surface elevations and other hydraulic parameters.

	31.Record  RI
	Used to specify time series for lateral inflow.

	32.Record  SE
	Used to specify methods for sediment load calculations and maximum scour depth.

	33.Record  SF
	Used to specify number of grain size fraction for the sediments.

	34.Record  SG
	Used to specify end values of each fraction of grain sizes.

	35.Record  SN
	Used to specify percent of sediment smaller than the indicated size fraction per sieve analysis, i.e., cumulated grain size distribution data at a node.

	36.Record  SP
	Used to specify percent of sediment smaller than the indicated size fraction per sieve analysis, i.e., cumulated grain size distribution data at a cross section.

	37.Record  ST
	Used to specify the title for sediment transport data file.

	38.Record  TO
	Used to specify the time when computational results at that specified time are to be stored in output data file.

	39.Record  TT
	Used to specify the title for hydraulic data file.

	40.Record  X3
	Used to specify floodplain area in relation to main channel.


Record  AB 

Required 
	File
	Variable
	Value
	Description

	0
	ID
	AB
	Record identification.

	1
	ITRIB
	<0
	Read in suspended sediment concentrations from time series data file.

	
	
	=0
	Compute suspended sediment concentrations from sediment load data (default).

	
	
	>0
	Obtain sediment load from the rating curve of sediment load versus flow discharge, and compute suspended sediment concentration (1 is the default value).

	2
	INDTI
	=0
	Time unit in days.

	
	
	=1
	Time unit in hours.

	
	
	=2
	Time unit in minutes.

	
	
	=3
	Time unit in seconds.

	3
	IUNST
	=0
	Use momentum equations for unsteady flows to compute starting water surface elevation in steady flows (i.e., run a time step to adjust starting water surface elevation in input file for unsteady flow computations.

	
	
	=1
	Use momentum equations for unsteady flows to compute water surface profiles with initial estimates or calculated values for starting water surface elevation and discharge as the results of previous time step. (Double sweep method)


	File
	Variable
	Value
	Description

	
	
	=2
	Use energy equation for steady flows to compute water surface profiles. (Double sweep method)

	
	
	=3
	Backwater computation (I) (Non-prismatic channel)

	
	
	=4
	Backwater computation (II) (Capable of hydraulic jump computation)

	4
	ICARD
	=1
	Read in data from record X3.

	
	
	≠1
	No data read from record X3.

	5
	ICONT
	=1
	Use hydraulic computation (II) to obtain starting water surface elevation.

	
	
	=2
	Use hydraulic computation (I) to obtain starting water surface elevation.

	
	
	≠1,2
	No backwater computation required.


Record  AC

Required

	File
	Variable
	Value
	Description

	0
	ID
	AC
	Record identification.

	1
	IDSBC
	
	Downstream boundary condition for water surface elevation.

	
	
	=0
	Stage hydrograph (Default).

	
	
	=1
	Rating curve for uniform flows. Only valid for the nodes where there exist only one link on the upstream side. (Water surface elevation may be determined by bed slope, discharge and bed friction for uniform flow calculation.)

	
	
	=2
	Stage-discharge relationship
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(Not valid when tidal effects exist.)

	2
	IPDSBC
	
	Downstream boundary condition for suspended sediment concentration.

	
	
	=0
	Value of concentration (
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) from input concentration time series.

	
	
	=1
	
[image: image708.wmf]0

=

¶

¶

x

c

  (Default)

	
	
	=2
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 value of the gradient from input concentration gradient time series.


	File
	Variable
	Value
	Description

	
	
	=3
	For long river reach (link), 
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 and 
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 assume the resulted values of previous time step. Starting value for 
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 is assumed to be 0.

	3
	INODES
	
	Allocation of sediment loads at nodes.

	
	
	=0
	In proportion to discharge values.

	
	
	≠0
	Use rating curves of sediment load versus flow discharge.

	4
	IEQSED
	
	Selection of continuity equation for sediment transport.

	
	
	=0
	Use Eq. (3.8)

	
	
	≠0
	Use Eq. (3.7) with 
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 replacing suspended load term.

	5
	IRESV
	
	Suspended sediment computations.

	
	
	=0
	High flow discharges in natural streams.

	
	
	≠0
	Reservoir computation or moderate/low flow discharges.


Record  AI

Required

	Field
	Variable
	Value
	Description

	0
	ID
	AI
	Record identification.

	1
	JNITOUT
	+
	Total number of specific times when computed results are required to be on output file. JNITOUT≦10.

	2
	JNDBT
	+
	Total number of specific times when 
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 is required to change in subsequent computations. JNDBT≦5.

	3
	IDEX
	=0
	Units in English system.

	
	
	≠0
	Units in metric system.
1 is the default value 

	4
	ISO
	=1
	Compute suspended sediment concentrations.

	
	
	≠1
	No concentration computations required.
0 is the default value.

	5
	IDO
	+
	Computations of suspended sediment concentrations consist of the following: 

(1) Due to advection 

(2) Longitudinal diffusion 

(3) Transverse diffusion 

(4) Response to bed variations (Reaction)

Execution of computations required for different value of IDO. (15 is the default value.)

	
	
	1
	(1)

	
	
	2
	(2)

	
	
	3
	(3)

	
	
	4
	(4)

	
	
	5
	(1)(2)

	
	
	6
	(1)(3)


	Field
	Variable
	Value
	Description

	
	
	7
	(1)(4)

	
	
	8
	(2)(3)

	
	
	9
	(2)(4)

	
	
	10
	(3)(4)

	
	
	11
	(1)(2)(3)

	
	
	12
	(1)(2)(4)

	
	
	13
	(1)(3)(4)

	
	
	14
	(2)(3)(4)

	
	
	15
	(1)(2)(3)(4)

	6
	IFXZ
	=1
	Use empirical equations:

Longitudinal dispersion coefficient (
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Transverse dispersion coefficient (
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	≠1
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 from assigned values in Record CF. (0 is the default value.)

	7
	JLAT
	=1
	Add lateral flows. Data read in from NETS 88.LAT.

	
	
	≠1
	No lateral flows

	8
	JAVGB
	0
	Output longitudinal profile of lowest bed elevations.

	
	
	1
	Output longitudinal profile of average bed elevations as obtained from HEC-6 effective depth computations

	
	
	2
	Output longitudinal profile of average bed elevations as obtained from hydraulic depth computations

	
	
	3
	Output longitudinal profile of average bed elevations as obtained from computations of distances between adjacent cross sections.

	9
	
	0
	Use Manning formula

	
	
	1
	Use Chezy formula

	
	
	2
	Use Darcy-Weisbach formula

The roughness coefficients, n, c, f, in above- mentioned formulas are the FFFACT values in Record BR of NETSO5.HYD file. Only Manning’s n value can be automatically calculated.


Record  AJ

Required

	Field
	Variable
	Value
	Description

	0
	ID
	AJ
	Record identification.

	1
	JNODES
	+
	Number of nodes, JNODES≦15.

	2
	JKMAX
	+
	Maximum number, JKMAX≦15.

	3
	JLINKS
	+
	Number of links, JLINKS≦15.

	4
	JIMAX
	+
	Maximum number of computation points on the link,

JIMAX≦100.

	5
	JMAXG
	+
	Maximum number of nodes in a node group, 

JMAXG≦15.

	6
	JNGROUP
	+
	Number of node groups, JNGROUP≦3.

	7
	JNSECS
	+
	Number of section types, JNSECS≦300.


Record  AM
Required

	Field
	Variable
	Value
	Description

	0
	ID
	AM
	Record identification.

	1
	MITHYD
	+
	Maximum number of iterations for steady-flow computation.

	2
	IFFACT
	0

1

2
	Friction coefficient

Read from input data.

Use Manning Equation.

Use Limerinos’ (1970) formula.

	3
	ISEDI
	≦0

＞0
	Without sediment computation.

Deal with sediment computation.

	4
	ITERMX
	+
	Maximum number of Newton-Raphson iterations, default value is 2.

	5
	ITGLMX
	+
	Maximum number of unsteady-flow stabilization computations in each of several progressively increasing time steps, default value is 10.

	6
	IDTMX
	+
	Maximum number of iterations for ALPH=0 for the flow stabilization procedure, default value is 20.

	7
	IDTTMX
	+
	Maximum number of iterations for ALPH≠0 for the flow stabilization procedure, default value is 10.

	8
	ITADVL
	+
	Number of iterations for characteristic line, default value is 1.


Record  AN

Required

	Field
	Variable
	Value
	Description

	0
	ID
	AN
	Record identification

	1
	NU1
	+
	Total number of cross sections to be outputted for flow velocity, water surface elevation, discharge, bed elevation, sediment concentration of each stream tube, and average sediment concentration of the cross section. (Location of cross section specified in variables THEXL and TEXI of Record AO.) 1≦NU1≦10.


Record  AO

Required
	Field
	Variable
	Value
	Description

	0
	ID
	AO
	Record identification.

	1
	TEXL
	+
	Link number (name) on which the cross section to be on output is located. (To be used with Record AN.)

	2
	TEXL
	+
	Cross section member (name) for which data output is required. (To be used which Record AN.)


Record  AP
Required

	Field
	Variable
	Value
	Description

	0
	ID
	AP
	Record identification.

	1
	IPLINK
	+
	Option for printing link topology (0: no print).

	2
	IPNODE
	+
	Option for printing node topology (0: no print).

	3
	IPOINT
	+
	Option for printing point topology (0: no print).

	4
	IPSECT
	+
	Option for printing section data (0: no print).

	5
	IPSEDI
	+
	Option for printing sediment discharge (0: no print).

	6
	IPSUSI
	+
	Option for print suspended concentration (0: no print)

	7
	IPTALW
	+
	Option for print elevation of lowest point in cross section (0: no print).


Record  AT
Required

	Field
	Variable
	Value
	Description

	0
	ID
	AT
	Record identification.

	1
	TTBEG
	+
	Time of beginning of simulation, consistent with INDTI in record AB

	2
	TTEND
	+
	Time of end of simulation, consistent with INDTI in record AB

	3
	TDELT
	+
	Time step, consistent with INDTI in record AB.


Record  BC
Optional
	Field
	Variable
	Value
	Description

	0
	ID
	BC
	Record identification.

	1
	AC
	+
	Value of the coefficient AC (no default).

	2
	BC
	+
	Value of the exponent BC (no default).


Sediment discharge (tons/day)=AC×(Water discharge (ft3/s))BC
Record  BE
Required
	Field
	Variable
	Value
	Description

	0
	ID
	BE
	Record identification.

	1
	EPSHYD
	+
	Threshold value of water surface changes for terminating global iterations in steady-flow computation, default value is 0.005 m

	2
	EPSQ
	+
	Threshold value of discharge changes for terminating global iterations in steady-flow compuation, default value is 0.1 cms.

	3
	DRYQ
	+
	No use

	4
	EPSDYM
	+
	Threshold value of node water surface changes for terminating global iterations in unsteady-flow computation, default value is 0.001 m.

	5
	EPSYB
	+
	Threshold value of water surface level change corresponding to the specified time interval during the flow stabilization, default value is 0.01 m.

	6
	FDELTB
	+
	Base time interval for flow stabilization procedure.

	7
	A0
	+
	Value of the coefficient A0 for IDSBC=2.

	8
	B0
	+
	Value of the exponent B0 for IDSBC=2.


Record  BK
Required
	Field
	Variable
	Value
	Description

	0
	ID
	BK
	Record identification.

	1
	KKK
	+
	Number of links attached to node.

	2
	LL
	＋
－
	Integer “name” of links attached to node, total number of values for noe node is KKK.

LL=-LNKNAM, downstream (MD).

LL=+LNKNAM, upstream (MU).


Record  BL
Required
	Field
	Variable
	Value
	Description

	0
	ID
	BL
	Record identification.

	1
	LNKNAM
	+
	Integer “name” of link.

	2
	II
	+
	Number of computation points on link.

	3
	MU
	+
	Integer “name” of node at upstream end of link.

	4
	MD
	+
	Integer "name" of node at downstream end of link.

	5
	RATEP
	+
	


Record  BN
Required
	Field
	Variable
	Value
	Description

	0
	ID
	BN
	Record identification.

	1
	NODNAM
	+
	Integre “name” of node.

	2
	NUSDS
	0

1

2
	The most upper stream boundary nodes.

Internal nodes.

The most down stream boundary nodes.

	3
	NINQ
	＝0

＜0

＞0
	Sequence number of water inflow in list of time dependent data

No external inflow.

Imposed water level boundary.

External water inflow.

	4
	NINC
	+
	

	5
	NINQS
	＝0

＜0

＞0
	Sequence number of sediment inflow in list of time dependent data

No external inflow.

Sediment discharge compute by the method of power law.

The input data represents the sediment discharge.

	6
	MGROUP
	+
	Node group to which NODNAM belongs.

	7
	MPOS
	+
	Relative position of node in its group.


Record  BP
Required
	Field
	Variable
	Value
	Description

	0
	ID
	BP
	Record identification.

	1
	SGRAV
	+
	Specific density of sediment, default value is 2.65.

	2
	POROS
	+
	Porosity, default value is 0.4.

	3
	THETA
	+
	Time weighting factor in de St. Venant equation.

	4
	PHI
	+
	Space weighting factor in de St. Venant equation.

	5
	S01
	+
	Initial value of bed slope.

	6
	DYINIT
	+
	Threshold value of node water surface changes for initial computation. 


Record  BR
Required
	Field
	Variable
	Value
	Description

	0
	ID
	BR
	Record identification.

	1
	RRM
	+
	River station of this point.

	2
	TTALWE
	+
	Elevation of lowest point in cross section.

	3
	YY
	+
	Initial estimate of water surface elevation.

	4
	QQ
	+
	Initial estimate of water discharge.

	5
	FFFACT
	+
	Initial estimate of roughness for river.

	6
	AALPHA
	+
	Kinetic energy coefficient 
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.

	7
	BBETA
	+
	Energy slope weighing factor 
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.


Record  BS
Required
	Field
	Variable
	Value
	Description

	0
	ID
	BS
	Record identification.

	1
	LNAME
	+
	Integer “name” of link.

	2
	I
	+
	Number of computation point.

	3
	NNSEC
	+
	Number of section type associated with this point.

	4
	NNSED
	+
	Number of size fractions associated with this point.

	5
	ISWIT2
	0

1
	The current station is not a control section; therefore, no boundary condition is imposed there.

The current station is a control section; therefore, the water surface elevation is a known function of the discharge (boundary condition) at this station.

	6
	ITYP2
	0 or 1

1
	If ISWIT2=0.

If ISWIT2=1.


Record  CC

Required for suspended sediment concentration computations
	Field
	Variable
	Value
	Description

	0
	ID
	CC
	Record identification.

	1
	TTDAT
	+
	Given time data in the time series of concentration data at nodes. (Time data same as TDAT in Record CQ, and time unit same as INDTI in Record AB.)

	2-10
	QTRIN
	+
	Corresponding concentrations or concentration gradients (10-6 m3/m3) in the time series for the node. (Total number of concentration or gradient values same as JNODES in Record AJ.) The sequence numbers of data points correspond to the absolute values of NINC in Record BN. Field 2 generally specifies the concentration at the farthest downstream boundary, when the NINC value takes 1, and all nodes upstream are specified in subsequent fields in the order from downstream towards upstream. The NINC value takes 0 for interior nodes. If the concentration at the farthest upstream boundary can not be obtained by the rating curve of sediment load versus discharge, the concentration time series should be given by field measurement data. Whenever rating curve is used, it supersedes time series data.


Record  CF

Required for suspended sediment concentration computations
	Field
	Variable
	Value
	Description

	0
	ID
	CF
	Record identification.

	1
	CLNAME
	+(-)
	Link number (name), same as LNAME in Record BS. (Last one of Record CF should add a minus sign.)

	2
	CI
	+
	Cross section number, same as I value in Record BS. (In the order form downstream towards upstream.)

	3
	CONTA
	+
	Starting concentration value of suspended sediment. (10-6 m3/m3)

	4
	FFX
	+
	Longitudinal dispersion coefficient (m2/sec), superseded when IFXZ=1 in Record AI.

	5
	FFZ
	+
	Transverse dispersion coefficient (m2/sec), superseded when IFXZ=1 in Record AI.


Record  CQ
Required
	Field
	Variable
	Value
	Description

	0
	ID
	CQ
	Record identification.

	1
	TDAT
	0,+
	Time-dependent data, consistent with INDTI in record AB

	2
	TFREAD
	+
	Water temperature of the study reach.

	3
	QTRIB
	0,+
	List of dat, e.g. w/s level or water inflows in a consistent with the NINQ and NINQS sequence numbers assigned to nodes.


Record  CT

Required for suspended sediment concentration computations
	Field
	Variable
	Value
	Description

	0
	ID
	CT
	Record identification

	1-7
	ITITLE
	
	Define title of suspended sediment concentration computations. The text may include suspended sediment concentrations, corresponding boundary conditions, dispersion coefficients and starting concentration values, and will be echoed in the output file of NETS11.OUT.


Record  DT
Optional
	Field
	Variable
	Value
	Description

	0
	ID
	DT
	Record identification.

	1
	DTCHG
	+
	(time, new time step) pairs, half of JNBDT in AB record pairs total. 


Record  GR
Required
	Field
	Variable
	Value
	Description

	0
	ID
	GR
	Record identification.

	1,3,5,7,9
	B0
	+/-
	Vertical coordinate (bottom elevation) of the data points that define the cross-sectional geometry at the current station.

	2,4,6,8,10
	CR
	+/-
	Lateral coordinate, measured from a reference point, of the data points that define the cross-sectional geometry at the current station.


Record  IT
Required
	Field
	Variable
	Value
	Description

	0
	ID
	IT
	Record identification.

	1
	QSITRS
	+
	The number of sediment-routing time steps to be carried out during each hydruaulic time step.


Record  LA

Required for lateral flows
	Field
	Variable
	Value
	Description

	0
	ID
	LA
	Record identification

	1
	INLAT
	0,+
	Total number of entering points of lateral flows. Locations of lateral flows are defined in Record LI. The maximum value of INLAT can not exceed total number of cross sections.


Record  LI

Required for lateral flows
	Field
	Variable
	Value
	Description

	0
	ID
	LI
	Record identification.

	1
	LATL
	+
	Link number where lateral flow enters.

	2
	LATI
	+
	Cross section number at which lateral flow enters.

	3
	AC1
	+
	The coefficient AC1 in the equation of sediment inflow, 
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	4
	BC1
	+
	The exponent BC1 in sediment inflow equation for lateral flow.


Record  LT
Required for lateral flow
	Field
	Variable
	Value
	Description

	0
	ID
	LT
	Record identification.

	1-7
	ITITLE
	
	ASCII text to be echoed in the NETSTARS output files. 


Record  NT
Required
	Field
	Variable
	Value
	Description

	0
	ID
	NT
	Record identification.

	1
	STUBE
	+
	Number of stream tubes to be used in the computations, STUBE≦10. 


Record  NS

Required 

	Field
	Variable
	Value
	Description

	0
	ID
	NS
	Record identification.

	1
	NUMSEC
	+(-)
	Value same as in NNSEC of Record BS. A minus sign should be added to this value for the last record.

	2
	PNTS
	+
	Total stations (data points) for the cross sections(170 is the default value)

	3
	BEDC
	-,0,+
	Increment in bed elevation. (0 is the default value)

	4
	WIDC
	+
	Enlargement coefficient for the width. (1.0 is the default value)

	5
	CCLF
	-,0,+
	Left bank station for scour limit. (-9999 is the default value)

	6
	CCRT
	-,0,+
	Right bank station for scour limit. (+9999 is the default value)

	7
	CCBT
	-,0,+
	Bed elevation for scour limit. (-9999 is the default value)

	8
	CCTP
	-,0,+
	Bed elevation for scour limit. (+9999 is the default value)

	9
	CLOSS
	+
	Energy loss coefficient at the cross section due to expansion, contraction or bend when IUNST=4 in Record AB.


Record  PR
Required
	Field
	Variable
	Value
	Description

	0
	ID
	PR
	Record identification.

	1
	PRL
	-1

0

1

2
	No output is required

Level 0 output; print only water surface profile.

Level 1 output; in addition to level 0 output, normal and critical depth tables are generated.

Level 2 output; in addition to level 1 output, stream tube geometry and conveyances are generated.


Record  RI

Required for later flows
	Field
	Variable
	Value
	Description

	0
	ID
	RI
	Record identification

	1
	TDAT1
	-,0, +
	Time data in the time series, same as TDAT in Record CQ. (Time unit same as INDTI in Record AB.)

	2-10
	RILI
	+
	Lateral flows at the points as described in Record LI. Field 2 value (the first data) corresponds to the first Record LI and the INLAT-th Record LI. When the number of data points exceeds 9, the subsequent Record RI should start the data point in Field 2. Units for lateral flows CMS (metric) or CFS (English). The corresponding sediment inflow(tons/day) is specified in the 2*INLAT-th data field. If the value of AC1 in Record LI is non-zero, the sediment inflow is computed using the relationship of sediment inflow values lateral inflow.


Record  SE
Required for sediment computation
	Field
	Variable
	Value
	Description

	0
	ID
	SE
	Record identification.

	1
	SE
	+

1

2

3

4

5

6

7
	Variable to choose the sediment t5ransport equation used to compute sediment carring capacity. The options are:

Yang’s method

Ackers and White method

Engelund and Hansen method

Meyer-Peter and Muller method

Van Rijn total load method

Van Rijn bed load method

Schoklitsch bed load method

	2
	ALT
	0

+
	Use the default active layer thicknessof 50*D(LSF), where D(LSF) is the geometric mean sediment size of the largest size fraction available.

Use the active layer thickness of ALT*D(LSF).


Record  SF
Required for sediment computation
	Field
	Variable
	Value
	Description

	0
	ID
	SF
	Record identification.

	1
	F
	+
	Number of size fractions defined for the current study, 1≦F≦10.


Record  SG
Required for sediment computation
	Field
	Variable
	Value
	Description

	0
	ID
	SG
	Record identification.

	1
	DRL
	+
	Lower bound of the particle size for this group (mm).

	2
	DRU
	+
	Upper bound of the particle size for this group (mm).


Record  SN

Required for sediment routing
	Field
	Variable
	Value
	Description

	0
	ID
	SN
	Record identification

	1
	NODNUM
	+(-)
	Node number. (A minus sign should be added to this value for the last record)

	2
	NODSTT
	+
	Sediment size fraction number, value same as NSEDTT in Record SP.

	3
	PTYP
	0≦PTYP≦1
	Percent of sediment smaller than the corresponding size fraction per sieve analysis. If total number of size fractions exceeds 8, the subsequent Record SN should start the data in Field 3.


Record  SP

Required for sediment routing
	Field
	Variable
	Value
	Description

	0
	ID
	SP
	Record identification

	1
	NSEDTT
	+(-)
	Sediment size fraction number. (A minus sign should be added to the value in the last record.) Value same as NNSED in Record BS.

	2
	PTYP
	0≦PTYP≦1
	Percent of sediment smeller than the corresponding size fraction per sieve analysis. Total number of data fields equals the value of F in Record SF plus 1.Field 2 usually takes a value of 0.00, and the 10th size fraction takes Field 2 of the next Record SP.


Record  ST

Required

	Field
	Variable
	Value
	Description

	O
	ID
	ST
	Record identification

	1-7
	ITITLE
	
	Define title of sediment routing computation. The text may include data, sources, sieve analysis, and sampling time of sediment data, limit for scour, total number of stream tables, etc, and will be echoed in the output file of NETS02.OUT.


Record  TO

Optional

	Field
	Variable
	Value
	Description

	O
	ID
	TO
	Record identification

	1-10
	TOUT
	+
	The specific time when computed results at that moment are required to be on output file. Total number of data fields equals JNITOUT in Record AI. Time unit same as specified in INDTI of Record AB. NETS02.OUT file will not be on output file if IPSEDI=0 in Record AP. NETS11.OUT file will not be on output file if ISO=0 in Record AI.


Record  TT
Required
	Field
	Variable
	Value
	Description

	0
	ID
	TT
	Record identification.

	1-7
	ITITLE
	
	ASCII text to be echoed in the NETSTARS output files. 


Record  X3
Optional
	Field
	Variable
	Value
	Description

	0
	ID
	X3
	Record identification.

	1
	NDIV2
	+
	Number of channel divisions at the present station. 

	2
	DL2
	+
	Location of the channel division boundaries. These locations are defined as a distance from a reference point in the cross section. They must be given in order, starting at the point farthest left in the cross section (looking downstream).


6.Example Problems

    This section presents two example problems that illustrate the contents of input data and computed results files for two typical applications of NETSTARS. Detailed descriptions of the input data records can be found in the Input Data Records (Chap 5), and are not duplicated here. These examples are provided only to illustrate the type and sequence of data needed to model various situations. They encompass a range of situation from fixed-bed backwater computation to simulation of the movement of sediment in natural streams. In these examples, the values of the parameters used are based on field data. It is useful for practice application.

6.1 Example Problem 1- Fixed-Bed Application

    Figure 6-1 shows a schematic of the Lou River that was the basis for the example problem 1. Lou Rive is located at middle part of Taiwan. When initially preparing geometric data and Manning’s n, it is often worthwile to use Netstars as a fixed-bed (backwater) model. 
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Figure 6-1

Schematic of Lou River

6.1.1 Input Data

    The data for example problem 1, shown in Table 6-1a, is designed to operate Netstars as a fixed-bed model. Netstars data begins with three title records, AT, AT, and AT. These records are used to specify the title for hydraulic and hydrology data file. The utility of AN, AO, AJ, AI, AT, AP, AB,AC, AM, BE BP, BL, BN, BK, records are noted in Chap. 5. Hydraulic parameters, boundary conditions, channel geometry data are established in BS, BR, NS, GR, CQ records, respectively. BS records define grain size fractions of sediment at a cross section. BR records specify threshold values for hydraulic parameters at a cross section, including water surface elevation, water discharge, roughness for river et al. After setting parameters, channel geometry data could be built in NS and GR records. NS records specify cross section data for scour and deposition. GR records define the cross section’s geometry as a series of elevation and station points. Though NS records are irrelevant with fixed bed operation of Netstars, it must precede the GR data for every section in the data file. CQ records define time series of hydraulic parameters, including water discharge, water stage elevation, water temperature, and incoming sediments at a node. In this example, incoming sediments are set to 0 for fixed bed operation.  

Table 6-1a

Example Problem 1- Input

Fixed Bed
AT      NALT=50  n=0.025 TUBE=5

AT      datas: 1996-1997

AT      Luo RIVER for  2 NODES  1 links

     nu1

AN     3

    texl    texi

AO     1       1 

AO     1       3 

AO     1       7 

  JNODES   JKMAX  JLINKS   JIMAX   JMAXG JNGROUP  JNSECS

AJ     2       1       1      24       2       1      24

 JNITOUT   jndbt    idex     iso     ido    ifxz    jlat   javgb  irough

AI     6       1       1       0      15       1       0       0       0

   tTBEG   tTEND   tDELT

AT    0.    100.     1.0

  IPLINK  IPNODE  IPOINT  IPSECT  ipsedi  ipsusi  iptalw

AP     1       0       1       1       1       1       1

   ITRIB   indti   iunst   icard   icont    ibri

AB     2       2       0       0       0       0

   idsbc  ipdsbc  inodes  ieqsed   iresv

AC     0       1       0       0       0

  MITHYD  IFFACT   ISEDI  itermx  itglmx   idtmx  idttmx  itadvl

AM    30       0       0       5      10      20      10       1

   PSHYD    EPSQ    DRYQ  epsdym   epsyb  fdeltb

BE  .005    0.01    30.0   0.001   0.005     1.0

   SGRAV   POROS   THETA     PHI     S01  dyinit

BP  2.65     0.4    1.00    0.50 .001597    0.01

  LNKNAM      II      MU      MD   RATEP ,last card <0 for lnknam(l)

BL    -1      24       2       1     1.0

  NODNAM   nusds    NINQ    ninc   NINQS  MGROUP    MPOS  ,last card <0 for nodn

     KKK     (LL(M,K),K=1,KKK)

BN     1       2      -3       0       0       1       1

BK     1      -1

BN    -2       1       1       0       0       1       2

BK     1       1   

   LNAME       I   NNSEC   NNSED   ,last card <0 for lname

     RRM  TTALWE      YY      QQ  FFFACT  AALPHA   BBETA

BS     1       1       1      11       1       1

BR    .0   25.35  38.000 158.000    .025   1.000    1.00

BS     1       2       2      11       0       0

BR 270.0   25.63  38.000 158.000    .025   1.000    1.00

BS     1       3       3      11       0       0

BR 407.0   26.87  38.000 158.000    .025   1.000    1.00

BS     1       4       4      11       0       0

BR 480.0   27.27  38.000 158.000    .025   1.000    1.00

BS     1       5       5      11       0       0

BR 525.0   26.85  38.000 158.000    .025   1.000    1.00

BS     1       6       6      11       0       0

BR 581.0   27.63  38.000 158.000    .025   1.000    1.00

BS     1       7       7      11       0       0

BR 688.0   28.32  38.000 158.000    .025   1.000    1.00

BS     1       8       8      11       0       0

BR 797.0   28.51  38.000 158.000    .025   1.000    1.00

BS     1       9       9      11       0       0

BR 932.0   29.58  38.000 158.000    .025   1.000    1.00

BS     1      10      10      11       0       0

BR1080.0   29.77  38.000 158.000    .025   1.000    1.00

BS     1      11      11      11       0       0

BR1240.0   31.23  40.000 158.000    .025   1.000    1.00

BS     1      12      12      11       0       0

BR1335.0   31.50  40.000 158.000    .025   1.000    1.00

BS     1      13      13      11       0       0

BR1470.0   32.70  42.000 158.000    .025   1.000    1.00

BS     1      14      14      11       0       0

BR1725.0   33.75  42.000 158.000    .025   1.000    1.00

BS     1      15      15      11       0       0

BR1935.0   33.99  42.000 158.000    .025   1.000    1.00

BS     1      16      16      11       0       0

BR2085.0   35.43  42.000 158.000    .025   1.000    1.00

BS     1      17      17      11       0       0

BR2308.0   36.74  45.000 158.000    .025   1.000    1.00

BS     1      18      18      11       0       0

BR2448.0   38.42  50.000 158.000    .025   1.000    1.00

BS     1      19      19      11       0       0

BR2598.0   39.17  50.000 158.000    .025   1.000    1.00

BS     1      20      20      11       0       0

BR2738.0   40.56  50.000 158.000    .025   1.000    1.00

BS     1      21      21      11       0       0

BR2913.0   41.21  50.000 158.000    .025   1.000    1.00

BS     1      22      22      11       0       0

BR3060.0   42.28  50.000 158.000    .025   1.000    1.00

BS     1      23      23      11       0       0

BR3175.0   43.98  50.000 158.000    .025   1.000    1.00

BS    -1      24      24      11       0       0

BR3337.0   44.52  50.000 158.000    .025   1.000    1.00

  NUMSEC    PNTS    BEDC    WIDC    CCLF    CCRT    CCBT    CCTP  ,last card <0

  (BO(IP,JJ), CR(IP,JJ),JJ=JBEG,JEND)

NS     1      15      0.      1.  -9999.   9999.  -9999.   9999.                

GR 29.88   -5.00   29.90     .00   28.65     .01   28.65     .50   28.10     .60

GR 25.35    1.70   25.35   15.00   25.40   30.30   25.65   45.30   25.65   52.00

GR 27.15   57.00   27.50   60.00   28.67   60.49   29.92   60.50   29.56   70.00

NS     2      11      0.      1.  -9999.   9999.  -9999.   9999.                

GR 28.56  -10.00   28.56   -5.00   29.73   -2.50   29.79     .00   27.63    4.60

GR 25.63    6.00   25.63   14.00   26.24   20.60   27.28   21.20   29.01   25.00

GR 29.01   30.00                                                                

NS     3      11      0.      1.  -9999.   9999.  -9999.   9999.                

GR 28.78  -10.00   28.78   -5.00   30.01   -2.80   30.10     .00   26.87    1.00

GR 26.95   12.00   29.76   13.00   29.76   13.30   28.55   13.31   28.20   16.60

GR 28.20   20.00                                                                

NS     4      16      0.      1.  -9999.   9999.  -9999.   9999.                

GR 28.90  -15.00   28.90  -13.00   30.85  -10.70   30.85  -10.00   29.88   -7.50

GR 29.41   -2.50   30.35   -1.20   30.41     .00   27.35    1.30   27.27   13.30

GR 30.72   14.70   30.62   17.20   30.00   18.20   30.00   18.70   30.48   21.20

GR 30.48   25.00                                                                

NS     5      10      0.      1.  -9999.   9999.  -9999.   9999.                

GR 28.94  -10.00   28.94   -3.70   29.91   -3.00   29.95    -.40   30.48    -.35

GR 30.48     .00   27.08    1.00   26.85   10.99   33.92   11.00   33.80   15.00

NS     6      12      0.      1.  -9999.   9999.  -9999.   9999.                

GR 31.77  -10.00   31.77   -4.91   30.85   -4.90   30.98     .00   30.74     .01

GR 27.63     .70   27.98   12.00   28.83   14.20   30.86   14.89   31.04   14.90

GR 30.58   21.00   30.55   25.00                                                

NS     7      12      0.      1.  -9999.   9999.  -9999.   9999.                

GR 31.71  -10.00   31.74   -7.20   31.60   -3.70   31.22     .00   28.32    5.50

GR 28.32   13.40   29.90   15.00   30.26   16.00   31.41   17.20   31.41   18.60

GR 30.02   20.60   30.02   25.00                                                

NS     8       9      0.      1.  -9999.   9999.  -9999.   9999.                

GR 32.67  -10.00   32.64   -5.70   32.42     .00   28.51    6.00   28.54   15.50

GR 31.34   18.50   31.34   19.70   30.72   20.70   30.72   25.00                

NS     9       9      0.      1.  -9999.   9999.  -9999.   9999.                

GR 32.95  -15.00   32.76  -10.00   33.35     .00   29.76    4.00   29.58   18.80

GR 33.08   20.50   33.08   20.99   33.25   21.00   33.25   25.00                

NS    10      12      0.      1.  -9999.   9999.  -9999.   9999.                

GR 33.95   -5.00   33.81     .00   32.19     .01   32.19     .60   31.43     .80

GR 31.05   15.00   29.89   16.20   29.77   30.10   32.18   30.60   32.18   31.19

GR 33.80   31.20   33.57   36.00                                                

NS    11      14      0.      1.  -9999.   9999.  -9999.   9999.                

GR 36.47   -5.00   36.52     .00   35.12     .01   35.12     .80   33.21    1.00

GR 32.70   15.00   32.60   19.00   31.23   22.00   31.23   45.00   31.65   59.00

GR 35.14   59.20   35.14   59.99   36.54   60.00   36.54   65.00                

NS    12      11      0.      1.  -9999.   9999.  -9999.   9999.                

GR 36.91  -14.30   36.97     .00   35.77     .01   34.55    2.00   34.11   12.20

GR 31.50   12.50   31.50   28.70   35.66   29.50   35.66   29.79   36.86   29.80

GR 36.79   35.00                                                                

NS    13       9      0.      1.  -9999.   9999.  -9999.   9999.                

GR 36.68   -7.00   36.65   -1.60   36.52     .00   32.70    6.50   32.72   28.20

GR 33.90   29.50   34.14   33.20   36.40   37.00   36.40   40.00                

NS    14       8      0.      1.  -9999.   9999.  -9999.   9999.                

GR 38.71  -15.00   38.30     .00   33.75    2.20   33.75   22.30   38.27   24.50

GR 38.27   29.89   38.08   29.90   38.70   35.00                                

NS    15      10      0.      1.  -9999.   9999.  -9999.   9999.                

GR 36.55  -10.00   36.55   -4.20   38.57   -4.20   38.64     .00   33.99    2.50

GR 33.99   24.40   38.61   26.90   38.56   32.15   38.35   32.15   38.37   35.00

NS    16       7      0.      1.  -9999.   9999.  -9999.   9999.                

GR 39.22   -5.00   39.60     .00   35.43    1.70   35.43   24.30   39.53   26.00

GR 39.62   30.70   39.67   35.00                                                

NS    17      11      0.      1.  -9999.   9999.  -9999.   9999.                

GR 40.00  -10.00   39.99   -4.21   41.16   -4.20   41.15     .00   36.74    2.20

GR 36.74   24.30   41.16   26.59   42.40   26.60   42.30   30.09   42.10   30.10

GR 41.15   35.00                                                                

NS    18      10      0.      1.  -9999.   9999.  -9999.   9999.                

GR 42.92  -10.00   43.40     .00   42.50     .01   42.50     .49   38.42     .50

GR 38.42   20.50   42.50   20.99   42.50   21.00   43.32   21.50   43.34   26.00

NS    19      11      0.      1.  -9999.   9999.  -9999.   9999.                

GR 43.80  -10.00   43.82   -3.00   43.83     .00   39.17     .20   39.25   24.80

GR 43.90   25.00   43.90   26.79   44.19   26.80   44.17   29.99   43.96   30.00

GR 43.92   33.00                                                                

NS    20      14      0.      1.  -9999.   9999.  -9999.   9999.                

GR 45.32   -7.00   45.30   -2.01   45.64   -2.00   45.64     .00   43.40     .01

GR 43.40    1.40   40.56    1.41   40.56   39.60   43.45   39.61   43.45   40.99

GR 45.64   41.01   45.64   43.00   45.24   43.00   45.25   48.00                

NS    21      10      0.      1.  -9999.   9999.  -9999.   9999.                

GR 44.50  -10.00   45.45     .00   43.45     .01   43.45    1.00   41.21    1.01

GR 41.21   28.30   43.43   28.31   43.43   29.29   45.43   29.30   45.73   40.00

NS    22       9      0.      1.  -9999.   9999.  -9999.   9999.                

GR 44.98   -5.00   45.05    -.31   46.43    -.30   46.43     .00   42.28     .20

GR 42.44   24.79   46.48   24.80   46.51   26.60   46.55   31.00                

NS    23      12      0.      1.  -9999.   9999.  -9999.   9999.                

GR 49.07   -5.00   49.15    -.10   49.38     .00   47.95     .01   47.95    1.00

GR 43.98    1.01   43.98   34.00   47.93   34.01   47.93   34.99   49.35   35.00

GR 49.18   35.10   49.35   40.00                                                

NS   -24       8      0.      1.  -9999.   9999.  -9999.   9999.                

GR 48.99   -4.50   49.05   -1.80   49.02     .00   44.52     .01   44.76   26.79

GR 49.01   26.80   49.05   28.50   49.12   31.50                                

   (TOUT(ITPRNT),ITPRNT=1,jNITOUT)ttime(not step)

TO    0.      2.     24.     60.     80.    100.   

   (DTCHG(I),I=1,NBDT)  time step change

DT    6.     1.0

   TDAT, TFREAD,(QTRIB(LT),LT=1,NTRIB)

CQ    0.   18.00  158.00     .00   27.62     .00  

CQ    1.   18.00  158.00     .00   27.62     .00  

CQ    2.   18.00  158.00     .00   27.62     .00

CQ    3.   18.00  158.00     .00   27.62     .00 

CQ    4.   18.00  158.00     .00   27.62     .00  

CQ    5.   18.00  158.00     .00   27.62     .00

CQ    6.   18.00  158.00     .00   27.62     .00  

CQ    7.   18.00  158.00     .00   27.62     .00

CQ    8.   18.00  158.00     .00   27.62     .00 

CQ    9.   18.00  158.00     .00   27.62     .00  

CQ   10.   18.00  158.00     .00   27.62     .00 

CQ   11.   18.00  158.00     .00   27.62     .00 

CQ   12.   18.00  158.00     .00   27.62     .00 

CQ   13.   18.00  158.00     .00   27.62     .00  

CQ   14.   18.00  158.00     .00   27.62     .00  

CQ   15.   18.00  158.00     .00   27.62     .00

6.1.2 Output Data

    The output data file of Netstars mainly include hydraulic output data for selected time step and hydraulic and sediment output for every cross section. The hydraulic output data for selected time step from Example problem 1 is shown in Table 6-1b. Netstars first gives information regarding program version and date. Firstly, output data include accumulating distance, initial elevation of lowest point in cross sections, Manning’s n, initial water surface elevation and water discharge et al. Then, output of hydraulic and sediment calculations for selected time step are provided. In output file, before detailed result, IT defines the i-th time step, and tTime defines the i-th hour since calculation. For a given time step, results include water surface stage (STAGE), water discharge (DISCHG), velocity (VEL), water surface width (WIDTH), elevation of lowest point in a cross section (THALWEG), bed load (SED LOAD), changes of bed elevation (DEG), average bed elevation (BEAVG), Manning’s n (FFACT), and square of Froud number (SF). In this example, Netstars operate fix bed application. Thus, results about sediment transport are 0. 

Table 6-1b

Example Problem 1- Input

Fixed Bed
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 *************************************************    **************************

 

 *  SCOUR AND DEPOSITION IN RIVER AND RESERVOIRS *    *  R.O.C NTU DEPARTMENT  *

 

 *          Version: 1.0 

---

 JUE 1995            *    *  OF CIVIL ENGINEERING  *

 

 * INP

UT FILE: nets05.hyd, nets02.sed            *    *  AUTHOR :  H

-

M HSIEH   *

 

 *             nets11.sus, nets88.lat            *    *  TELPHONE: 3630231

-

    *

 

 * INPUT FILE:nets05.out, nets02.out, nets08.out *    *            3250

-

441    *

 

 *            ne

ts11.out, nets03.out, netl01.out *    *                        *

 

 *************************************************    **************************

 

 

 

     NN     N  EEEEEEE TTTTTTT  S S S  TTTTTTT    A      RRRRR    S S S 

 

     N N    N  E          T   

 S     S    T      A A    R     R  S     S

 

     N  N   N  E          T    S          T     A   A   R     R  S      

 

     N   N  N  EEEEEEE    T     S S S     T    A A A A  RRRRRR    S S S 

 

     N    N N  E          T          S    T    A     A  RR      

       S

 

     N     NN  E          T    S     S    T    A     A  R  R     S     S

 

     N      N  EEEEEEE    T     S S S     T    A     A  R    R    S S S 

 

 

 

               **************************************************

 

                          N

ALT=50  n=0.025 TUBE=5                           

 

                          datas: 1996

-

1997                                  

 

                          Luo RIVER for  2 NODES  1 links                   

 

               **********************************

****************
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    DYNAMIC ALLOCATION PARAMETERS: NODES=   2 KMAX=   1 LINKS=   1 IMAX=  24 MAXG=   2 NGROUP=   1 NSECS=  24

 

                                             NITOUT=   6 NBDT=   2

 

          input and output time unit= minute

 

 

 

  tTBEG

=   0. tTEND= 100. tDELT= 1.00 ITMAX=  102 IPLINK=    1 IPNODE=    0 IPOINT=    1

 

     IPSECT=    1 ITRIB=    2 indti=    2 iunst=    0

 

 

 

     MITHYD=   30 IFFACT=    0 ISEDI=    0

 

 

 

    EPSHYD=    .00500 EPSQ=    .01000 DRYQ=     30.00

 

 

 

    SGR

AV=    2.6500    POROS=     .4000    THETA= 1.00     FFIMP= .025 ALIMP= 1.00 BEIMP= 1.00

 

1                            LINK TOPOLOGY

 

                             

-------------

 

                   LINK      II        MU        MD

 

                   

------

--------------------------------------------

 

          1        

-

1        24         2         1

 

1                            POINT PROPERTIES

 

                             

------------------

 

 LINK    PTNSEC NSED    RM        TALWG FACT APHA BETA     Y 

        Q

 

 

---------------------------------------------------------------------------

 


[image: image729.wmf]    1    1    1   11      .000    25.350  .03 1.00 1.00    38.000   158.000

 

    1    2    2   11   270.000    25.630  .03 1.00 1.00    38.000   158.000

 

    1    3   

 3   11   407.000    26.870  .03 1.00 1.00    38.000   158.000

 

    1    4    4   11   480.000    27.270  .03 1.00 1.00    38.000   158.000

 

    1    5    5   11   525.000    26.850  .03 1.00 1.00    38.000   158.000

 

    1    6    6   11   581.000    27.6

30  .03 1.00 1.00    38.000   158.000

 

    1    7    7   11   688.000    28.320  .03 1.00 1.00    38.000   158.000

 

    1    8    8   11   797.000    28.510  .03 1.00 1.00    38.000   158.000

 

    1    9    9   11   932.000    29.580  .03 1.00 1.00    38.0

00   158.000

 

    1   10   10   11  1080.000    29.770  .03 1.00 1.00    38.000   158.000

 

    1   11   11   11  1240.000    31.230  .03 1.00 1.00    40.000   158.000

 

    1   12   12   11  1335.000    31.500  .03 1.00 1.00    40.000   158.000

 

    1   13 

  13   11  1470.000    32.700  .03 1.00 1.00    42.000   158.000

 

    1   14   14   11  1725.000    33.750  .03 1.00 1.00    42.000   158.000

 

    1   15   15   11  1935.000    33.990  .03 1.00 1.00    42.000   158.000

 

    1   16   16   11  2085.000    35

.430  .03 1.00 1.00    42.000   158.000

 

    1   17   17   11  2308.000    36.740  .03 1.00 1.00    45.000   158.000

 

    1   18   18   11  2448.000    38.420  .03 1.00 1.00    50.000   158.000

 

    1   19   19   11  2598.000    39.170  .03 1.00 1.00    50

.000   158.000

 

    1   20   20   11  2738.000    40.560  .03 1.00 1.00    50.000   158.000

 

    1   21   21   11  2913.000    41.210  .03 1.00 1.00    50.000   158.000

 

    1   22   22   11  3060.000    42.280  .03 1.00 1.00    50.000   158.000

 

    1   2

3   23   11  3175.000    43.980  .03 1.00 1.00    50.000   158.000

 

   

-

1   24   24   11  3337.000    44.520  .03 1.00 1.00    50.000   158.000
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                             PHYSICAL DATA CHECKS:         MINIMUM   MAXIMUM

 

                       

      

---------------------

         

-------

   

-------

 

 

                                                 TALWEG:     25.4      44.5    

 

                                                 FRICTION:   .250E

-

01  .250E

-

01

 

                                     

            D50:        .000      .000    

 

                                                 ARM. FACT.  .000      .000    

 

                                                 REACH:      45.0      270.    

 

                                                 C

R. ELEV.:  .305E+04 

-

.305E+04

 

                                                 CR. WIDTH:  .305E+05 

-

.305E+05

 

 

 

 

 

 

 

    PRINTED OUTPUT times:         .0000    2.0000   24.0000   60.0000   80.0000  100.0000

 

 

 

    TIME STEP CHANGES:           6.00

00    1.0000
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         PREPARATORY OPERATIONS COMPLETED WITH    0 ERRORS AND    0 WARNINGS

 

         ......................................................................

 

PARMETER READ

 

nstube,tnalt,iunst,isedi,iso,ised,tten

 

   0   0   0   0   0

   0    100.

 

 

1                            IT=   1 tTIME=    0. ITHYD=   0 DYNMAX=  .000     DQMAX=  .000     tDELT= 1.00

 

                             

----------------------------------------------------------------------------------

 

 

   LINK PT     S

TATION  STAGE    DISCHG    VEL    RH    WIDTH   THALWEG  SED LOAD  FFACT  DEG  BEAVG D50       SF     FR2

 

 

----------------------------------------------------------------------------------------------------------------------------------

 

    

 1  1       

  .000   38.000  

  158.00    .18  9.71   75.00   

25.350   .00      .025   .00   .000    .000  .805E

-

06    .000

 

     1  2      270.000   38.000    158.00    .38  7.97   40.00   25.630   .00      .025   .00   .000    .000  .414E

-

05    .001

 

     1  3      4

07.000   38.000    158.00    .53  6.56   30.00   26.870   .00      .025   .00   .000    .000  .901E

-

05    .003

 

     1  4      480.000   38.000    158.00    .45  6.43   40.00   27.270   .00      .025   .00   .000    .000  .741E

-

05    .002

 

     1  5      5

25.000   38.000    158.00    .71  5.00   25.00   26.850   .00      .025   .00   .000    .000  .167E

-

04    .006

 

     1  6      581.000   38.000    158.00    .55  6.18   35.00   27.630   .00      .025   .00   .000    .000  .115E

-

04    .004

 

     1  7      6

88.000   38.000    158.00    .57  6.31   35.00   28.320   .00      .025   .00   .000    .000  .138E

-

04    .004

 

     1  8      797.000   38.000    158.00    .61  6.07   35.00   28.510   .00      .025   .00   .000    .000  .165E

-

04    .005

 

     1  9      9

32.000   38.000    158.00    .61  5.27   40.00   29.580   .00      .025   .00   .000    .000  .200E

-

04    .006

 

     1 10     1080.000   38.000    158.00    .58  5.29   41.00   29.770   .00      .025   .00   .000    .000  .167E

-

04    .005

 

     1 11     12

40.000   40.000    158.00    .30  6.36   70.00   31.230   .00      .025   .00   .000    .000  .379E

-

05    .001

 

     1 12     1335.000   40.000    158.00    .58  4.50   49.30   31.500   .00      .025   .00   .000    .000  .184E

-

04    .006

 

     1 13     14

70.000   42.000    158.00    .43  6.80   47.00   32.700   .00      .025   .00   .000    .000  .729E

-

05    .002

 

     1 14     1725.000   42.000    158.00    .56  4.78   50.00   33.750   .00      .025   .00   .000    .000  .177E

-

04    .006

 


[image: image732.wmf]    1 15     19

35.000   42.000    158.00    .57  4.78   45.00   33.990   .00      .025   .00   .000    .000  .172E

-

04    .005

 

     1 16     2085.000   42.000    158.00    .80  4.10   40.00   35.430   .00      .025   .00   .000    .000  .425E

-

04    .013

 

     1 17     23

08.000   45.000    158.00    .56  4.83   45.00   36.740   .00      .025   .00   .000    .000  .163E

-

04    .005

 

     1 18     2448.000   50.000    158.00    .46  6.56   36.00   38.420   .00      .025   .00   .000    .000  .636E

-

05    .002

 

     1 19     25

98.000   50.000    158.00    .42  6.46   43.00   39.170   .00      .025   .00   .000    .000  .564E

-

05    .002

 

     1 20     2738.000   50.000    158.00    .36  6.29   55.00   40.560   .00      .025   .00   .000    .000  .454E

-

05    .002

 

     1 21     29

13.000   50.000    158.00    .45  5.48   50.00   41.210   .00      .025   .00   .000    .000  .867E

-

05    .003

 

     1 22     3060.000   50.000    158.00    .67  4.67   36.00   42.280   .00      .025   .00   .000    .000  .216E

-

04    .007

 

     1 23     31

75.000   50.000    158.00    .75  3.71   45.00   43.980   .00      .025   .00   .000    .000  .347E

-

04    .012

 

     1 24     3337.000   50.000    158.00   1.04  3.33   36.00   44.520   .00      .025   .00   .000    .000  .777E

-

04    .026

 

 

    TIME

-

DEPEN

DENT DATAREAD FOR TDAT=    .0:   64.4  158.00   27.6200    

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   1.0:   64.4  158.00   27.6200    

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   2.0:   64.4  158.00   27.6200    

 

 

                             IT=   2 tt

IME=    1. ITHYD=   0 DYNMAX=  1.24     DQMAX=  8.13     tDELT= 1.00 OUTFLOW=  11321.09

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   3.0:   64.4  158.00   27.6200    

 

 

1                            IT=   3 tTIME=    2. ITHYD=   0 DYNMAX=  1.24     DQMAX=  1

2.3     tDELT= 1.00

 

                             

----------------------------------------------------------------------------------

 

 

   LINK PT     STATION  STAGE    DISCHG    VEL    RH    WIDTH   THALWEG  SED LOAD  FFACT  DEG  BEAVG D50       SF     FR

2

 

 

----------------------------------------------------------------------------------------------------------------------------------

 


[image: image733.wmf]     1  1         .000   27.620   6275.32  53.55  1.92   59.21   25.350   .00      .025   .00   .000    .000  1.88     1

47.757

 

     1  2      270.000   27.192   3053.97 139.42  1.24   15.69   25.630   .00      .025   .00   .000    .000  .483E

-

031420.094

 

     1  3      407.000   35.483   1196.98   5.43  5.17   30.00   26.870   .00      .025   .00   .000    .000  .215E

-

03  

  .409

 

     1  4      480.000   36.263    962.86   3.39  5.34   40.00   27.270   .00      .025   .00   .000    .000  .964E

-

04    .166

 

     1  5      525.000   36.735    858.32   4.48  4.42   25.00   26.850   .00      .025   .00   .000    .000  .157E

-

03  

  .267

 

     1  6      581.000   37.294    782.88   2.97  5.73   35.00   27.630   .00      .025   .00   .000    .000  .852E

-

04    .119

 

     1  7      688.000   38.099    720.59   2.58  6.38   35.00   28.320   .00      .025   .00   .000    .000  .873E

-

04  

  .085

 

     1  8      797.000   38.818    787.71   2.73  6.62   35.00   28.510   .00      .025   .00   .000    .000  .135E

-

03    .092

 

     1  9      932.000   39.614   1040.88   3.24  6.38   40.00   29.580   .00      .025   .00   .000    .000  .314E

-

03  

  .133

 

     1 10     1080.000   40.022   1395.58   3.94  6.65   41.00   29.770   .00      .025   .00   .000    .000  .620E

-

03    .183

 

     1 11     1240.000   40.014   1656.27   3.19  6.37   70.00   31.230   .00      .025   .00   .000    .000  .412E

-

03  

  .139

 

     1 12     1335.000   40.067   1676.37   6.04  4.55   49.30   31.500   .00      .025   .00   .000    .000  .165E

-

02    .662

 

     1 13     1470.000   40.257   1481.08   5.14  5.47   47.00   32.700   .00      .025   .00   .000    .000  .866E

-

03  

  .438

 

     1 14     1725.000   41.848   1154.92   4.19  4.67   50.00   33.750   .00      .025   .00   .000    .000  .363E

-

03    .325

 

     1 15     1935.000   43.957   1533.68   4.19  6.08   45.00   33.990   .00      .025   .00   .000    .000  .452E

-

03  

  .220

 

     1 16     2085.000   45.394   2188.12   6.55  6.46   40.00   35.430   .00      .025   .00   .000    .000  .186E

-

02    .524

 

     1 17     2308.000   46.222   2816.43   8.39  5.66   45.00   36.740   .00      .025   .00   .000    .000  .336E

-

02  

  .962

 

     1 18     2448.000   46.300   2634.06  12.61  4.31   36.00   38.420   .00      .025   .00   .000    .000  .455E

-

02   2.795

 

     1 19     2598.000   47.023   1990.82   7.95  4.50   43.00   39.170   .00      .025   .00   .000    .000  .104E

-

02  

 1.106

 

     1 20     2738.000   47.988   1293.39   3.88  4.86   55.00   40.560   .00      .025   .00   .000    .000  .240E

-

03    .254

 

     1 21     2913.000   48.834    640.51   2.19  4.65   50.00   41.210   .00      .025   .00   .000    .000  .810E

-

04  

  .084

 

     1 22     3060.000   49.364    362.59   1.71  4.27   36.00   42.280   .00      .025   .00   .000    .000  .612E

-

04    .050

 

     1 23     3175.000   49.649    252.82   1.30  3.45   45.00   43.980   .00      .025   .00   .000    .000  .561E

-

04  

  .040

 

     1 24     3337.000   49.822    158.00   1.08  3.20   36.00   44.520   .00      .025   .00   .000    .000  .793E

-

04    .029

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   4.0:   64.4  158.00   27.6200    

 


[image: image734.wmf] 

                             IT=   4 ttIM

E=    3. ITHYD=   0 DYNMAX=  1.24     DQMAX=  16.4     tDELT= 1.00 OUTFLOW=   2406.24

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   5.0:   64.4  158.00   27.6200    

 

 

                             IT=   5 ttIME=    4. ITHYD=   0 DYNMAX=  1.24     DQMAX=  54.

6     tDELT= 1.00 OUTFLOW=   1914.76

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   6.0:   64.4  158.00   27.6200    

 

 

                             IT=   6 ttIME=    5. ITHYD=   0 DYNMAX=  1.24     DQMAX=  153.     tDELT= 1.00 OUTFLOW=   1507.25

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   7.0:   64.4  158.00   27.6200    

 

 

                             IT=   7 ttIME=    6. ITHYD=   0 DYNMAX=  1.24     DQMAX=  3.09     tDELT= 1.00 OUTFLOW=   1105.63

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   8.0:   64.4  158.0

0   27.6200    

 

 

                             IT=   8 ttIME=    7. ITHYD=   0 DYNMAX=  1.19     DQMAX=  .194     tDELT= 1.00 OUTFLOW=   1154.36

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   9.0:   64.4  158.00   27.6200    

 

 

                             I

T=   9 ttIME=    8. ITHYD=   0 DYNMAX=  .308     DQMAX=  .517     tDELT= 1.00 OUTFLOW=   2431.97

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  10.0:   64.4  158.00   27.6200    

 

 

                             IT=  10 ttIME=    9. ITHYD=   0 DYNMAX=  .632     

DQMAX=  .182     tDELT= 1.00 OUTFLOW=   2676.57

 


[image: image735.wmf] 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  11.0:   64.4  158.00   27.6200    

 

 

                             IT=  11 ttIME=   10. ITHYD=   0 DYNMAX=  .600     DQMAX=  .228     tDELT= 1.00 OUTFLOW=   2943.54

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  12.0:   64.4  158.00   27.6200    

 

 

                             IT=  12 ttIME=   11. ITHYD=   0 DYNMAX=  .600     DQMAX=  .291     tDELT= 1.00 OUTFLOW=   3077.58

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  13.0:   

64.4  158.00   27.6200    

 

 

                             IT=  13 ttIME=   12. ITHYD=   0 DYNMAX=  .600     DQMAX=  25.2     tDELT= 1.00 OUTFLOW=   3211.43

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  14.0:   64.4  158.00   27.6200    

 

 

                   

          IT=  14 ttIME=   13. ITHYD=   0 DYNMAX=  .600     DQMAX=  25.6     tDELT= 1.00 OUTFLOW=   3328.92

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  15.0:   64.4  158.00   27.6200    

 

 

                             IT=  15 ttIME=   14. ITHYD=   0 DYNMAX=

  .600     DQMAX=  23.2     tDELT= 1.00 OUTFLOW=   3416.48

 

 

                             END OF SIMULATION

 

                             

----------------

-

 


6.2 Example Problem 2- Movable Bed

    The following example demonstrates how to add sediment data to the Netstars model. The application site, Lanyang River, is located at northeastern part of Taiwan. The schematic of Lanyabg River is shown as Fig 6-2.   

Figure 6-2

Schematic of Lanyang River

（computation region : section1-section11）
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6.2.1 Input Data

In Netstars, hydraulic and sediment input data are separate. Hydraulic input data for example problem 2 is shown in Table 6-2a. The detailed explanation of input data can be seen as Chap 5 and previous example. Sediment input data for example problem 2 is shown in Table 6-2b. Sediment input data begin with three title records. Then, PR records define different printouts for computational results. NT specifies number of stream tube in a link. In this case, the number is 5. IT defines the execution number of computations in each time step for sediment routing. SE specifies methods for sediment load calculations and maximum scour depth. Detailed setting values are noted in Chap. 5. SG records define end values of each fraction of grain sizes. In Netstars, grain sizes could be divided into nine groups. SP records decide percent of sediment smaller than the indicated size fraction per sieve analysis, i.e. cumulated grain size distribution data at a cross section. BC records define rating curve of sediment load versus flow discharge at a node. 

Table 6-2a

Example Problem 2- Hydraulic Input

Movable Bed
AT      NALT=50  n=0.025 TUBE=5

AT      datas: 1989
AT      Lanyang RIVER for  2 NODES  1 links

     nu1

AN    10

    texl    texi

AO     1       1 

AO     1       2 

AO     1       3 

AO     1       4

AO     1       5

AO     1       6

AO     1       7

AO     1       8

AO     1       9

AO     1      10

  JNODES   JKMAX  JLINKS   JIMAX   JMAXG JNGROUP  JNSECS

AJ     2       1       1      11       2       1      11

 JNITOUT   jndbt    idex     iso     ido    ifxz    jlat   javgb  irough

AI     6       1       1       0      15       1       0       0       0

   tTBEG   tTEND   tDELT

AT    0.     50.     1.0

  IPLINK  IPNODE  IPOINT  IPSECT  ipsedi  ipsusi  iptalw

AP     1       0       1       1       1       1       1

   ITRIB   indti   iunst   icard   icont    ibri

AB     1       1       0       0       0       0

   idsbc  ipdsbc  inodes  ieqsed   iresv

AC     0       1       0       0       0

  MITHYD  IFFACT   ISEDI  itermx  itglmx   idtmx  idttmx  itadvl

AM    30       0       1       5      10      20      10       1

   PSHYD    EPSQ    DRYQ  epsdym   epsyb  fdeltb

BE  .005    0.01    30.0   0.001   0.005     1.0

   SGRAV   POROS   THETA     PHI     S01  dyinit

BP  2.65     0.4    1.00    0.50 .001597    0.01

  LNKNAM      II      MU      MD   RATEP ,last card <0 for lnknam(l)

BL    -1      11       2       1     1.0

  NODNAM   nusds    NINQ    ninc   NINQS  MGROUP    MPOS  ,last card <0 for nodn

     KKK     (LL(M,K),K=1,KKK)

BN     1       2      -3       0       0       1       1

BK     1      -1

BN    -2       1       1       0       0       1       2

BK     1       1   

   LNAME       I   NNSEC   NNSED   ,last card <0 for lname

     RRM  TTALWE      YY      QQ  FFFACT  AALPHA   BBETA

BS     1       1       1      11       1       1

BR    0.   -2.00   1.500  1500.0    .025   1.000    1.00

BS     1       2       2      11       0       0

BR  416.    -.77   2.285  1500.0    .025   1.000    1.00

BS     1       3       3      11       0       0

BR  894.   -2.52   1.675  1500.0    .025   1.000    1.00

BS     1       4       4      11       0       0

BR 1533.    -.91   2.710  1500.0    .025   1.000    1.00

BS     1       5       5      11       0       0

BR 2117.   -2.34   2.220  1500.0    .025   1.000    1.00

BS     1       6       6      11       0       0

BR 2597.    -.40   3.525  1500.0    .020   1.000    1.00

BS     1       7       7      11       0       0

BR 3074.   -2.81   2.340  1500.0    .020   1.000    1.00

BS     1       8       8      11       0       0

BR 3603.    -.49   3.795  1500.0    .020   1.000    1.00

BS     1       9       9      11       0       0

BR 4031.     .04   4.175  1500.0    .020   1.000    1.00

BS     1      10      10      11       0       0

BR 4396.     .99   4.805  1500.0    .020   1.000    1.00

BS    -1      11      11      11       0       0

BR 4906.     .02   4.625  1500.0    .020   1.000    1.00

  NUMSEC    PNTS    BEDC    WIDC    CCLF    CCRT    CCBT    CCTP  ,last card <0

  (BO(IP,JJ), CR(IP,JJ),JJ=JBEG,JEND)

NS     1      43      0.      1.  -9999.   9999.  -9999.   9999.

GR  1.64  -25.00    1.64  -20.00    1.79  -17.00    2.18  -13.00    4.85   -4.50

GR  5.00     .00    4.80    2.00    0.26   11.96    0.06   16.96   -1.53   21.00

GR -1.53   41.00   -2.00  100.00    1.21  130.67    1.12  173.36    1.19  201.53

GR  1.36  256.36    1.43  293.91    1.62  298.52    1.90  358.07    2.11  422.60

GR   .65  436.97    -.84  441.97    -.49  461.97    -.34  502.91    -.05  532.97

GR  -.34  562.97    -.84  582.91    -.34  652.97    -.34  682.97   -1.26  742.44

GR -1.26  772.44   -1.26  787.26    -.50  791.44     .69  792.44    2.19  800.20

GR  2.20  836.32    2.31  883.45    4.88  890.06    4.88  895.06    3.23  901.00

GR  2.70  905.50    1.68  915.50     .93  915.51

NS     2      38      0.      1.  -9999.   9999.  -9999.   9999.

GR  5.34     .00    5.34    3.00    1.98   12.80    1.43   62.70     .63  128.10

GR   .92  131.80     .47  138.20    1.31  141.20    1.53  260.80    1.67  391.50

GR  1.84  472.50    1.93  540.00    2.63  545.50    1.38  548.08     .00  550.70

GR  -.77  570.80    -.77  585.00     .63  591.00    -.61  612.30    -.39  633.30

GR  -.23  654.00    -.69  667.20    -.35  681.00    -.04  689.00     .18  719.00

GR  -.09  735.20    -.22  745.00    -.52  752.00    -.74  758.00    -.62  778.00

GR  -.25  787.40    -.04  818.40     .01  825.60     .39  828.00    2.49  830.00

GR  2.43  869.60    5.07  879.60    5.07  884.00

NS     3      43      0.      1.  -9999.   9999.  -9999.   9999.

GR  2.61  -24.00    2.83  -19.00    2.83  -15.00    3.17  -11.00    4.13   -7.00

GR  5.87     .00    5.63    4.18    2.36   15.45    1.44   39.77    1.28   84.19

GR   .92   88.04     .92   93.04    1.41  101.01    1.19  133.36    1.58  139.14

GR  1.75  202.06    1.77  275.53    2.15  338.64    2.15  415.96    2.32  479.38

GR  2.38  545.26    2.37  583.65    2.37  589.88   -2.52  592.88   -1.52  602.88

GR   .47  637.88     .53  687.88     .53  692.88     .47  707.87    -.22  757.88

GR  -.53  778.31    -.53  808.31   -1.03  823.31    -.03  827.31     .96  828.31

GR  3.04  831.35    2.90  857.12    2.81  878.32    5.64  891.36    5.64  896.36

GR  4.25  900.36    3.99  905.36    2.50  909.36

NS     4      38      0.      1.  -9999.   9999.  -9999.   9999.

GR  6.32     .00    6.27    1.00    4.81    5.20    3.32   10.70    3.13   21.00

GR  2.14   38.90    2.10  225.70    2.59  305.80    2.68  384.40    2.50  477.60

GR  2.60  555.00    2.67  637.90    3.45  641.60    2.14  647.00    -.04  651.00

GR  -.54  663.00     .17  664.50     .25  702.30     .54  715.40     .01  725.70

GR   .13  754.30    -.56  761.00    -.36  763.08     .08  774.50     .02  786.50

GR   .18  797.80     .02  810.00    -.02  839.60    -.02  848.60    -.70  880.10

GR  -.91  893.30    -.67  900.30     .58  905.70    1.78  916.60    2.58  916.61

GR  2.53  949.30    6.18  957.80    6.33  961.60

NS     5      43      0.      1.  -9999.   9999.  -9999.   9999.

GR  3.13  -24.00    3.52  -19.30    3.52  -15.30    4.96  -12.40    4.96   -9.40

GR  5.03   -5.70    6.66     .00    6.60    4.01    4.47   13.49    3.77   20.08

GR  2.94   91.04    3.33  138.22    3.41  182.40    5.69  254.21    4.19  256.21

GR  2.58  267.14    2.30  288.48    2.77  335.94    2.93  393.75    2.96  484.34

GR  3.35  564.08    3.42  636.67    1.15  643.81    -.84  648.81   -2.34  668.81

GR   .74  751.26     .94  771.26    1.24  781.26     .94  796.26    -.20  811.26

GR   .09  841.26     .14  896.26     .94  901.26    1.61  903.31    1.63  911.36

GR  3.77  918.87    3.75  942.92    6.78  954.25    6.78  959.22    6.74  961.72

GR  5.57  963.22    4.56  969.22    3.66  972.22

NS     6      40      0.      1.  -9999.   9999.  -9999.   9999.

GR  7.45     .00    3.95   11.40    3.09   78.40    3.28  170.70    3.27  298.00

GR  3.29  385.70    3.54  427.50    2.49  440.20     .84  443.40     .55  462.50

GR   .15  473.60    -.12  492.40     .26  499.80     .34  508.90    -.14  512.20

GR  -.36  518.10    -.35  523.20     .30  563.60    -.11  604.30     .22  612.00

GR   .92  639.60     .93  657.30     .72  670.40    1.02  696.00     .78  701.50

GR   .80  708.30     .50  713.00     .86  720.00     .54  730.50     .80  736.80

GR  -.16  742.00    -.07  750.80     .19  765.80     .14  777.00     .06  780.00

GR  -.40  784.20    3.38  787.60    3.33  844.60    7.35  858.20    7.40  862.00

NS     7      43      0.      1.  -9999.   9999.  -9999.   9999.

GR  2.79  -32.00    1.86  -27.70    1.86  -25.70    2.84  -25.00    3.19  -19.00

GR  3.34  -15.00    4.16  -11.00    4.57   -6.30    6.43     .00    4.98    3.20

GR  3.62   13.41    4.11   15.00    2.71   65.66    1.77   87.90    1.87  133.08

GR  2.14  181.34    6.24  220.34    2.89  268.29    2.93  328.50    1.66  331.86

GR   .82  334.68     .42  359.68   -1.07  364.68   -1.07  374.68     .57  399.68

GR   .12  449.68     .18  541.45   -2.81  561.44   -2.31  611.44   -1.31  636.44

GR   .18  641.44     .91  651.53    1.31  733.92    2.71  739.16    2.78  803.55

GR  2.41  809.92    7.49  819.10    7.49  823.00    7.34  824.50    5.71  830.00

GR  5.45  833.00    4.11  838.00    3.70  845.50

NS     8      36      0.      1.  -9999.   9999.  -9999.   9999.

GR  7.93     .00    7.69    1.00    4.30   10.30    3.95  145.80    3.70  206.40

GR  3.85  310.90    3.42  381.60    3.96  386.80    1.84  390.50    1.49  406.20

GR   .55  419.20     .46  428.40     .97  440.70     .82  465.30    1.08  467.30

GR  1.07  491.65    1.03  526.70     .73  532.20     .59  551.10     .67  585.80

GR   .13  604.40    -.15  626.30    -.49  628.70    -.27  640.20     .83  647.50

GR   .70  656.00     .25  664.20     .82  676.40    1.43  681.20    1.35  686.50

GR  2.33  688.30    2.92  702.30    4.04  761.40    4.73  798.30    7.93  811.10

GR  8.08  815.60

NS     9      43      0.      1.  -9999.   9999.  -9999.   9999.

GR  8.31     .00    8.01    2.00    4.80   11.00    4.39   94.30    3.88  131.90

GR  4.44  232.00    4.37  342.30    4.23  418.10    2.31  419.70    1.80  423.50

GR   .92  428.00     .92  432.40    1.41  447.50    1.39  471.60    1.03  479.50

GR  1.06  484.70    1.34  494.40     .81  500.00    1.07  503.70    1.02  507.10

GR   .81  512.10    1.35  520.80    1.45  538.00    1.19  544.45     .65  549.10

GR   .76  557.80    1.38  561.50    1.32  589.30     .62  591.10     .04  600.90

GR   .50  614.90     .74  630.40     .51  654.40     .41  669.20     .43  679.70

GR   .49  690.40     .44  703.80     .35  712.60     .98  714.50    3.46  720.10

GR  3.71  767.00    6.43  794.40    8.21  808.30

NS    10      36      0.      1.  -9999.   9999.  -9999.   9999.

GR  4.99  -22.01    4.47  -22.00    5.39  -17.50    5.45  -13.00    7.25   -7.50

GR  7.25   -4.50    8.30     .00    8.36    5.48    5.22   13.97    5.52   45.99

GR  5.40   77.88    4.73   82.57    4.19  110.07    5.03  194.96    5.12  250.79

GR  5.01  322.34    4.97  390.50    4.46  469.23    2.28  475.47    2.28  480.47

GR  1.59  505.47    2.19  520.47    1.69  546.47     .99  570.47    1.19  702.05

GR  2.19  703.05    4.64  712.78    4.80  745.12    5.68  783.34    8.62  796.16

GR  8.62  800.16    6.75  807.16    6.36  812.00    5.81  815.00    5.31  821.50

GR  4.11  821.51

NS   -11      41      0.      1.  -9999.   9999.  -9999.   9999.

GR  5.24  -21.00    5.90  -17.00    7.20   -9.00    7.20   -6.00    9.23     .00

GR  8.86    4.10    6.56   13.70    5.87   28.00    5.65  171.70    5.51  278.50

GR  3.85  308.50    3.97  351.80    5.02  367.40    5.05  443.20    3.95  445.50

GR  3.06  452.10    2.35  464.20    1.83  479.70    1.44  492.10    1.77  505.20

GR  1.62  519.00     .68  526.20    1.25  537.20    1.04  548.20     .41  553.00

GR   .10  561.60     .02  567.80     .17  572.40     .57  589.40     .54  597.10

GR   .45  610.00     .91  635.00     .56  638.20    2.32  641.20    3.11  648.31

GR  4.73  651.80    5.85  655.10    5.11  703.50    5.01  768.50    8.93  782.40

GR  8.99  786.20                                

   (TOUT(ITPRNT),ITPRNT=1,jNITOUT)ttime(not step)

TO    0.      5.     10.     15.     20.     25.   

   (DTCHG(I),I=1,NBDT)  time step change

DT    6.     1.0

   TDAT, TFREAD,(QTRIB(LT),LT=1,NTRIB)

CQ    0.   18.00 1590.00     .00   1.88     .00  

CQ    1.   18.00 1710.00     .00   1.88     .00  

CQ    2.   18.00 1950.00     .00   1.88     .00

CQ    3.   18.00 2050.00     .00   1.88     .00 

CQ    4.   18.00 2050.00     .00   1.88     .00  

CQ    5.   18.00 2050.00     .00   1.88     .00

CQ    6.   18.00 1950.00     .00   1.88     .00  

CQ    7.   18.00 1950.00     .00   1.88     .00

CQ    8.   18.00 1950.00     .00   1.88     .00 

CQ    9.   18.00 1880.00     .00   1.88     .00  

CQ   10.   18.00 1700.00     .00   1.88     .00 

CQ   13.   18.00 1560.00     .00   1.88     .00  

CQ   14.   18.00 1470.00     .00   1.88     .00  

CQ   15.   18.00 1360.00     .00   1.88     .00

CQ   16.   18.00 1300.00     .00   1.88     .00  

CQ   17.   18.00 1240.00     .00   1.88     .00  

CQ   18.   18.00 1150.00     .00   1.88     .00

CQ   19.   18.00 1040.00     .00   1.88     .00 

CQ   20.   18.00 1100.00     .00   1.76     .00  

Table 6-2b

Example Problem 2- Sediment Input

Movable Bed
ST      NALT=50  n=0.025 TUBE=5 
ST      datas: 1989 ,nodes=2,links=1 

ST      Lanyang  RIVER
     PRL

pr   0.0

   STUBE

nt   5.0

  QSITRS

it   5.0

      SE     ALT

se   4.0    50.0 

       F

sf   9.0

     DRL     DRU

SG  .100    .120

SG  .120    .175

SG  .175    .224

SG  .224    .261

SG  .261    .288

SG  .288    .334

SG  .334    .367

SG  .367    .490

SG  .490    .510

  NSEDTT   (PTYP(J),J=1,N1P1)  ,last card <0 for nsedtt

SP     1    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000   

SP     2    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

SP     3    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

SP     4    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

SP     5    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

SP     6    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

SP     7    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

SP     8    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

SP     9    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

SP    10    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

SP   -11    .000    .100    .200    .300    .400    .500    .650    .750    .900

           1.000                                                                

  NODNM  NODSTT,(PTYP(J),J=1,N1P1)  ,last card <0 for nodnm

SN     1      10    .000    .100    .200    .400    .500    .650    .750    .900

                   1.000

SN    -2      10    .000    .100    .200    .400    .500    .650    .750    .900

                   1.000                                                        

       AC      BC  ,-->LINK NO.1.....NO.n    ,(c.g.s)  ----> tons/days

BC        1.1020  1.8076

6.2.2 Output Data

    The output data file of Netstars mainly include hydraulic and sediment output data for selected time step and for every cross section. The hydraulic and sediment output data for selected time step from Example problem 2 is shown in Table 6-2c. In Netstars, ten time-steps results could be outputted detailedly. The details of hydraulic and sediment output are described as section 6.1. Due to movable bed conditions, sediment results for selected time step could be obtained. Some items about sediment calculations, for example, elevation of lowest point in a cross section (THALWEG), bed load (SED LOAD), changes of bed elevation (DEG), average bed elevation (BEAVG) are provided in Table 6-2c. For sediment calculation, Netstars also provides sediment output for each section. Results of a selected section are shown in Table 6.2d. Water-level(Y), discharge(Q), velocity (VEL), elevation of lowest point in a cross section (THALWEG), Total load (qustot), changes of bed elevation (be) for each time step are included in table 6.2d.  

Table 6-2c
Example Problem 2- Output

Movable Bed
[image: image737.wmf] 

 

 *************************************************    **************************

 

 *  SCOUR AND DEPOSITION IN RIVER AND RESERVOIRS *    *  R.O.C NTU DEPARTMENT  *

 

 *          Version: 1.0 

---

 JUE 1995            *    *  OF CIVIL EN

GINEERING  *

 

 * INPUT FILE: nets05.hyd, nets02.sed            *    *  AUTHOR :  H

-

M HSIEH   *

 

 *             nets11.sus, nets88.lat            *    *  TELPHONE: 3630231

-

    *

 

 * INPUT FILE:nets05.out, nets02.out, nets08.out *    *            3250

-

441    *

 

 *            nets11.out, nets03.out, netl01.out *    *                        *

 

 *************************************************    **************************

 

 

 

     NN     N  EEEEEEE TTTTTTT  S S S  TTTTTTT    A      RRRRR    S S S 

 

     N N    N  E   

       T    S     S    T      A A    R     R  S     S

 

     N  N   N  E          T    S          T     A   A   R     R  S      

 

     N   N  N  EEEEEEE    T     S S S     T    A A A A  RRRRRR    S S S 

 

     N    N N  E          T          S    T    A     A  

RR             S

 

     N     NN  E          T    S     S    T    A     A  R  R     S     S

 

     N      N  EEEEEEE    T     S S S     T    A     A  R    R    S S S 

 

 

 

               **************************************************

 

                          NALT=50  n=0.025 TUBE=5                           

 

          

                datas: 19

89

                                  

 

                          L

any

ang

 RIVER for  2 NODES  1 links                   

 

               **********

****************************************

 

 

    DYNAMIC ALLOCATION PARAMETERS: NODES=   2 KMAX=   1 LINKS=   1 IMAX=  11 MAXG=   2 NGROUP=   1 NSECS=  11

 

                                             NITOUT=   6 NBDT=   2

 

          input and output time unit=

   hour

 

 

 

  tTBEG=   0. tTEND=  50. tDELT= 1.00 ITMAX=   52 IPLINK=    1 IPNODE=    0 IPOINT=    1

 

     IPSECT=    1 ITRIB=    1 indti=    1 iunst=    0

 

 

 

     MITHYD=   30 IFFACT=    0 ISEDI=    1
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    EPSHYD=    .00500 EPSQ=    .01000 DRYQ=     30.00

 

 

 

    SGRAV=    2.6500    POROS=     .4000    THETA= 1.00     FFIMP= .025 ALIMP= 1.00 BEIMP= 1.00

 

1                            LINK TOPOLOGY

 

                             

-------------

 

                   LINK      II        MU        MD

 

                   

--------------------------------------------------

 

          1        

-

1        11         2         1

 

1                            POINT PROPERTIES

 

                             

------------------

 

 LINK    PTNSEC NSED    RM        TALWG 

FACT APHA BETA     Y         Q

 

 

---------------------------------------------------------------------------

 

    1    1    1   11      .000    

-

2.000  .03 1.00 1.00     1.500  1500.000

 

    1    2    2   11   416.000     

-

.770  .03 1.00 1.00     2.285  1500.

000

 

    1    3    3   11   894.000    

-

2.520  .03 1.00 1.00     1.675  1500.000

 

    1    4    4   11  1533.000     

-

.910  .03 1.00 1.00     2.710  1500.000

 

    1    5    5   11  2117.000    

-

2.340  .03 1.00 1.00     2.220  1500.000

 

    1    6    6   11  25

97.000     

-

.400  .02 1.00 1.00     3.525  1500.000

 

    1    7    7   11  3074.000    

-

2.810  .02 1.00 1.00     2.340  1500.000

 

    1    8    8   11  3603.000     

-

.490  .02 1.00 1.00     3.795  1500.000

 

    1    9    9   11  4031.000      .040  .02 1.00 1

.00     4.175  1500.000

 

    1   10   10   11  4396.000      .990  .02 1.00 1.00     4.805  1500.000

 

   

-

1   11   11   11  4906.000      .020  .02 1.00 1.00     4.625  1500.000

 

1                            BED SEDIMENT DISTRIBUTIONS

 

                        

     

----------------------------

 

 

 

    SEDIMENT TYPE:    1 CDF:   .000  .100  .200  .300  .400  .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100  .100  .100  .150  .100  .150  .100

 

 

    SEDIMENT TYPE:    2 CDF:   .000  .100  

.200  .300  .400  .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100  .100  .100  .150  .100  .150  .100

 

 

    SEDIMENT TYPE:    3 CDF:   .000  .100  .200  .300  .400  .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:        

 .100  .100  .100  .100  .100  .150  .100  .150  .100

 

 


[image: image739.wmf]    SEDIMENT TYPE:    4 CDF:   .000  .100  .200  .300  .400  .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100  .100  .100  .150  .100  .150  .100

 

 

    SEDIMENT TYPE:    5 CDF:   .000  .100  .200  .300  .400  .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100  .100  .100  .150  .100  .150  .100

 

 

    SEDIMENT TYPE:    6 CDF:   .000  .100  .200  .300  .400  .500  .650  .750  

.900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100  .100  .100  .150  .100  .150  .100

 

 

    SEDIMENT TYPE:    7 CDF:   .000  .100  .200  .300  .400  .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100  .100  .100  .150 

 .100  .150  .100

 

 

    SEDIMENT TYPE:    8 CDF:   .000  .100  .200  .300  .400  .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100  .100  .100  .150  .100  .150  .100

 

 

    SEDIMENT TYPE:    9 CDF:   .000  .100  .200  .300  .400 

 .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100  .100  .100  .150  .100  .150  .100

 

 

    SEDIMENT TYPE:   10 CDF:   .000  .100  .200  .300  .400  .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100

  .100  .100  .150  .100  .150  .100

 

 

    SEDIMENT TYPE:   11 CDF:   .000  .100  .200  .300  .400  .500  .650  .750  .900 1.000

 

      D50R=    .288 PDF:         .100  .100  .100  .100  .100  .150  .100  .150  .100

 

 

 

                             TRIBUTARY S

EDIMENT DISTRIBUTION

 

                             

----------------------------------------

 

 

 

    NODNAM:    1 TYPE:   10 C  .000  .100  .200  .400  .500  .650  .750  .900 1.000  .000

 

      D50R=    .261 PDF:         .100  .100  .200  .100  .150  .100  .150  .100

-

1.000

 

 

    NODNAM:    2 TYPE:   10 C  .000  .100  .200  .400  .500  .650  .750  .900 1.000  .000

 

      D50R=    .261 PDF:         .100  .100  .200  .100  .150  .100  .150  .100

-

1.000

 

 

          COEFFICIENTS AC,BC

 

         

------------------

 

                1.1     1.8    
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                             PHYSICAL DATA CHECKS:         MINIMUM   MAXIMUM

 

                             

---------------------

         

-------

   

-------

 

 

                                                 TALWEG:    

-

2.81      .990    

 

                                                 FRICTION:   .200E

-

01  .250E

-

01

 

                                                 D50:        .288E

-

03  .288E

-

03

 

               

                                  ARM. FACT.  .000      .000    

 

                                                 REACH:      365.      639.    

 

                                                 CR. ELEV.:  .305E+04 

-

.305E+04

 

                               

                  CR. WIDTH:  .305E+05 

-

.305E+05

 

 

 

 

 

 

 

    PRINTED OUTPUT times:         .0000   30.0000   35.0000   40.0000   45.0000   50.0000

 

 

 

    TIME STEP CHANGES:           6.0000    1.0000

 

 

 

 

 

         PREPARATORY OPERATIONS COMPLETED WITH    0 ERRORS AND    0 WARNINGS

 

         ......................................................................

 

PARMETER READ

 

nstube,tnalt,iunst,isedi,iso,ised,tten

 

   5  50   0   1   0   4     50.

 

 

1           

                 IT=   1 tTIME=    0. ITHYD=   0 DYNMAX=  .000     DQMAX=  .000     tDELT= 1.00

 

                             

----------------------------------------------------------------------------------

 

 

   LINK PT     STATION  STAGE    DISCHG    VEL 

   RH    WIDTH   THALWEG  SED LOAD  FFACT  DEG  BEAVG D50       SF     FR2

 

 

----------------------------------------------------------------------------------------------------------------------------------

 


[image: image741.wmf]    1  1         .000    1.500   1500.00   1.34 

 1.71  648.51   

-

2.000   .00      .025   .00   .000    .288  .380E

-

03    .106

 

     1  2      416.000    2.285   1500.00   1.35  1.36  809.88    

-

.770   .00      .025   .00   .000    .288  .490E

-

03    .135

 

     1  3      894.000    1.675   1500.00   3.16  1

.24  343.59   

-

2.520   .00      .025   .00   .000    .288  .285E

-

02    .738

 

     1  4     1533.000    2.710   1500.00   1.64  1.00  913.96    

-

.910   .00      .025   .00   .000    .288  .599E

-

03    .276

 

     1  5     2117.000    2.220   1500.00   2.42  2.2

7  270.92   

-

2.340   .00      .025   .00   .000    .288  .105E

-

02    .260

 

     1  6     2597.000    3.525   1500.00   1.24  1.51  758.11    

-

.400   .00      .020   .00   .000    .288  .154E

-

03    .099

 

     1  7     3074.000    2.340   1500.00   1.41  2.03 

 515.00   

-

2.810   .00      .020   .00   .000    .288  .198E

-

03    .098

 

     1  8     3603.000    3.795   1500.00   1.55  1.88  399.90    

-

.490   .00      .020   .00   .000    .288  .227E

-

03    .100

 

     1  9     4031.000    4.175   1500.00   1.48  2.36  370.60     .040   .00      .020   .00   .000    .288  .190E

-

03    .081

 

     1 10     4396.000    4.805   1500.00   1.78  1.99  357.19     .990   .00      .020   .00   .000    .288  .272E

-

03    .138

 

  

   1 11     4906.000    4.625   1500.00   2.06  2.65  261.53     .020   .00      .020   .00   .000    .288  .336E

-

03    .154

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=    .0:   64.4 1590.00   1.88000    

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   1.0:   64.4 171

0.00   1.88000    

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   2.0:   64.4 1950.00   1.88000    

 

 

                             IT=   2 ttIME=    1. ITHYD=   0 DYNMAX=  .000     DQMAX=  .517     tDELT= 1.00 OUTFLOW=   1282.58

 

 

    TIME

-

DEPENDENT DATAREAD FOR T

DAT=   3.0:   64.4 2050.00   1.88000    

 

 

                             IT=   3 ttIME=    2. ITHYD=   0 DYNMAX=  .146E

-

01 DQMAX=  .563E

-

02 tDELT= 1.00 OUTFLOW=   1933.54

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   4.0:   64.4 2050.00   1.88000    

 

 

           

                  IT=   4 ttIME=    3. ITHYD=   0 DYNMAX=  .914E

-

02 DQMAX=  .472E

-

01 tDELT= 1.00 OUTFLOW=   2029.76

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   5.0:   64.4 2050.00   1.88000    

 

 

                             IT=   5 ttIME=    4. ITHYD=   0 DYN

MAX=  .895E

-

03 DQMAX=  1.89     tDELT= 1.00 OUTFLOW=   2047.70

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   6.0:   64.4 1950.00   1.88000    

 

 

                             IT=   6 ttIME=    5. ITHYD=   0 DYNMAX=  .895E

-

03 DQMAX=  .470E

-

01 tDELT= 1.00 OUTFLOW= 

  2049.81

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   7.0:   64.4 1950.00   1.88000    

 

 

                             IT=   7 ttIME=    6. ITHYD=   0 DYNMAX=  .895E

-

03 DQMAX=  1.69     tDELT= 1.00 OUTFLOW=   2037.03
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    TIME

-

DEPENDENT DATAREAD FOR TDAT=   8.0:   64.4 1950.00   1.88000    

 

 

                             IT=   8 ttIME=    7. ITHYD=   0 DYNMAX=  .205E

-

01 DQMAX=  26.0     tDELT= 1.00 OUTFLOW=   1985.47

 

 

                             IT=   9 ttIME=    8. ITH

YD=   0 DYNMAX=  .205E

-

01 DQMAX=  .286     tDELT= 1.00 OUTFLOW=   1972.23

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=   9.0:   64.4 1880.00   1.88000    

 

 

                             IT=  10 ttIME=    9. ITHYD=   0 DYNMAX=  .205E

-

01 DQMAX=  1.38     tDELT= 1.0

0 OUTFLOW=   1953.54

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  10.0:   64.4 1700.00   1.88000    

 

 

                             IT=  11 ttIME=   10. ITHYD=   0 DYNMAX=  .210E

-

02 DQMAX=  1.65     tDELT= 1.00 OUTFLOW=   1703.35

 

 

    TIME

-

DEPENDENT DATAREAD FOR

 TDAT=  13.0:   64.4 1560.00   1.88000    

 

 

                             IT=  12 ttIME=   11. ITHYD=   0 DYNMAX=  .906E

-

02 DQMAX=  .595E

-

01 tDELT= 1.00 OUTFLOW=   1670.27

 

 

                             IT=  13 ttIME=   12. ITHYD=   0 DYNMAX=  .104E

-

01 DQMAX

=  .425E

-

01 tDELT= 1.00 OUTFLOW=   1626.52

 

 

                             IT=  14 ttIME=   13. ITHYD=   0 DYNMAX=  .108E

-

01 DQMAX=  .152E

-

01 tDELT= 1.00 OUTFLOW=   1580.47

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  14.0:   64.4 1470.00   1.88000    

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  15.0:   64.4 1360.00   1.88000    

 

 

                             IT=  15 ttIME=   14. ITHYD=   0 DYNMAX=  .108E

-

01 DQMAX=  1.17     tDELT= 1.00 OUTFLOW=   1562.27

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  16.0:   64.4 1300.00   1.88000    

 

 

                             IT=  16 ttIME=   15. ITHYD=   0 DYNMAX=  .175E

-

02 DQMAX=  1.25     tDELT= 1.00 OUTFLOW=   1362.53

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  17.0:   64.4 1

240.00   1.88000    

 

 

                             IT=  17 ttIME=   16. ITHYD=   0 DYNMAX=  .175E

-

02 DQMAX=  .882     tDELT= 1.00 OUTFLOW=   1354.46

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  18.0:   64.4 1150.00   1.88000    

 

 


[image: image743.wmf]                             IT

=  18 ttIME=   17. ITHYD=   0 DYNMAX=  .109E

-

01 DQMAX=  .423E

-

01 tDELT= 1.00 OUTFLOW=   1258.73

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  19.0:   64.4 1040.00   1.88000    

 

 

                             IT=  19 ttIME=   18. ITHYD=   0 DYNMAX=  .868E

-

02 DQMAX

=  .975E

-

02 tDELT= 1.00 OUTFLOW=   1158.22

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  20.0:   64.4 1100.00   1.76000    

 

 

                             IT=  20 ttIME=   19. ITHYD=   0 DYNMAX=  .102E

-

01 DQMAX=  .738E

-

02 tDELT= 1.00 OUTFLOW=   1049.02

 

 

    TIME

-

DEPENDENT DATAREAD FOR TDAT=  21.0:   64.4 1470.00   1.76000    

 

 

                             IT=  21 ttIME=   20. ITHYD=   0 DYNMAX=  .151E

-

02 DQMAX=  1.00     tDELT= 1.00 OUTFLOW=   1100.96

 

 

 

 

                             END OF SIMULATION

 

                             

-----------------

 


Table 6-2d
Example Problem 2- Sediment output for a selected section
Movable Bed
LINK,I,nstube,tnalt,iunst,isedi,iso,ised,ttend

   1   1   5  50   0   1   0   4     50.      0.

 ttime      Y      Q  roughness   VEL TALWEG     qstot      be   (con0():1,nstube) avgcon

     .00   1.500  1500.0    .025   1.338  -2.000    .00        .000

    1.00   1.880  1282.6    .025    .929  -2.000    .33E+04    .001

    2.00   1.880  1933.5    .025   1.402  -1.998    .14E+05    .002

    3.00   1.880  2029.8    .025   1.477  -1.996    .16E+05    .002

    4.00   1.880  2047.7    .025   1.495  -1.993    .17E+05    .002

    5.00   1.880  2049.8    .025   1.502  -1.991    .17E+05    .002

    6.00   1.880  2037.0    .025   1.498  -1.989    .17E+05    .002

    7.00   1.880  1985.5    .025   1.465  -1.987    .16E+05    .002

    8.00   1.880  1972.2    .025   1.460  -1.985    .16E+05    .002

    9.00   1.880  1953.5    .025   1.451  -1.983    .15E+05    .002

   10.00   1.880  1703.4    .025   1.269  -1.983    .98E+04    .001

   11.00   1.880  1670.3    .025   1.248  -1.982    .92E+04    .001

   12.00   1.880  1626.5    .025   1.218  -1.982    .85E+04    .001

   13.00   1.880  1580.5    .025   1.186  -1.981    .78E+04    .001

   14.00   1.880  1562.3    .025   1.175  -1.981    .76E+04    .001

   15.00   1.880  1362.5    .025   1.027  -1.981    .48E+04    .001

   16.00   1.880  1354.5    .025   1.022  -1.981    .47E+04    .001

   17.00   1.880  1258.7    .025    .952  -1.982    .36E+04    .001

   18.00   1.880  1158.2    .025    .877  -1.981    .11E+05   -.002

   19.00   1.880  1049.0    .025    .795  -1.981    .19E+04    .001

   20.00   1.760  1101.0    .025    .892  -1.981    .27E+04    .001
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