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ABSTRACT

A sediment sorting algorithm has been added to model MOBED to
extend the model to predict the effects of armouring 1in degrading
stream beds. Details of the algorithm and the changes that have to be
made to the source code and input data arrangements are described in
this update. Test data sets and sample model outputs are also included.

RESUME

On a ajouté au modéle d'écoulement MOBED un algorithme de
sélection des sédiments afin d'accroitre sa capacité a prévoir les
effets du recouvrement du fond par les sédiments sur la détérioration
des 1its. Cette mise & jour fournit des précisions sur 1'algorithme et
les modifications & apporter au code des sources et a 1'arrangement des
données d'entrée. Des groupes de données d'essal et des exemples de
résultats figurent également dans ce document.




MANAGEMENT PERSPECTIVE

River flow transports sediment both 1in suspension and by
bottom movement. The interactions of sediment movement and the water
flows are very complex especially when neither the sediment supply nor
the water flow is steady.

The MOBED model mimics the real world very well and this
update improves it.

Because river flow moves the smaller sediment first, there
tends to be a residue of larger sediment left in place which armours
the bed against further movement.

This update to the model gives a new routine which
incorporates the sorting and armouring effect which should bring the
mode] even closer to reality. A1l river engineers should include MOBED
in their "lexicon® of tools.

T. Milne Dick
Chief
Hydraulics Division
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PERSPECTIVE DE GESTION

Les cours d'eau transportent des sédiments en suspension et
des dépdts de fond. L'étude des interactions entre Je déplacement des
sédiments et les débits est trés complexe, surtout si on considére que
ni 1'accumulation de sédiments ni le débit n'est un phénoméne stable.

Le modéle MOBED reproduit adéquatement les conditions
véritables de la nature, et cette mise i Jour permet de 1'améliorer
davantage.

Etant donné que 1les cours d'eau entrainent d'abord les
petites particules, 411 se produit une accumulation des plus gros
sédiments dans le fond. Ces sédiments tendent & recouvrir le 11t d'une
couche qui empéche tout déplacement ultérieur.

Cette mise & jour du modéle crée un nouveau parcours qui
permet de faire un choix dans la sélection et la protection des effets
afin de rapprocher le modéle des conditions naturelles. MOBED devrait
faire partie du «lexique» des outils de génie hydraulique.

Le chef,
T. Milne Dick
Division de 1'hydraulique

viii
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1.0 INTRODUCTION

The model MOBED described in the original Users Manual (1) and
the Users Manual Update I (2) assumes that the hydraulic sorting of bed
sediment is negligible and considers the sediment size characteristics
in terms of only two representative sizes, namely Dsy and Dgs. It also
assumes that these two sizes remain constant throughout the river reach
being modelled. Such an assumption is justifiable in applications in
which the river flow is in equilibrium with sediment supply and all
fractions of the sediment bed are transported by the flow. For reaches
of river where the equilibrium condition is upset by man-made or natural
causes, and where a degradation of the river is anticipated, the
hydraulic sorting and consequently the armouring of the river bed may
become an important factor which should be considered in predicting the
ultimate response of a river to changes imposed on its regime.
Therefore, it was decided to incorporate a sediment sorting algorithm
into MOBED. With this algorithm, the model is now able to predict the
size distribution of bed sediment as a function of time and distance
along the river in addition to predicting the usual water and bed level
changes and other hydraulic and sediment transport characteristics. In
this update, a brief description of the sediment sorting algorithm is
given together with a description of all the changes that were made to
the source code and to the arrangement of input data.

2.0 SEDIMENT SORTING ALGORITHM

The initial size distribution of the bed sediment at a number
of cross-sections within the study reach has to be specified to the
model. The size distribution is expressed in terms of weight-percentage
of sediment in different size ranges. Ten different size ranges were
selected starting with a sediment size of 0.062 mm and ending with
64.00 mn. The selected size ranges are similar to the ones used in the
model HEC-6 (3) and they are shown schematically in Fig. 1. The
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percentages of sediment in all of the ten size ranges have to be
specified to the model. If a particular fraction is not present, then a
zero value has to be specified.

Given the initial distribution of the bed sediment, the model
then computes the distribution of the bed sediment after every time step
as follows:

First, the shear velocity of the flow is compared with the
critical shear velocity evaluated from the shields diagram for the
finest size fraction of the sediment material.

If the flow-shear velocity is less than the critical shear
velocity, i.e., if the flow is not able to transport even the finest
fraction of the sediment, then the size distribution of the sediment bed
is assumed to remain unaltered.

Secondly, the shear velocity of the flow is compared with the
critical shear velocity for the coarsest size fraction. If the
flow-shear velocity is greater than the critical shear velocity of the
coarsest fraction, i.e, if the flow is able to transport all fractions
of the bed sediment, then also the size distribution 1s assumed to
remain unaltered. In other words, 1t 1is assumed that when all
fractions of the sediment material are moving, the hydraulic sorting is
considered to be negligible. Hydraulic sorting is assumed to be
present only when the flow shear velocity 1ies in the range of critical
shear velocities bounded by those of the finest and of the coarsest
size fractions respectively. The size distribution of the bed sediment
undergoing hydraulic sorting is computed by considering an active bed
layer and the probability of a sand particle of certain size to stay
when subjected to a particular bed shear stress. The derivation of the
relationships for both degrading and aggrading beds is given below.

2.1 Degrading Bed

Let the thickness of the active bed layer be ABL and let AZ be
the amount of bed degradation during one time step (see Fig. 2).
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Weight of a fraction, say i, remaining in the active bed layer
is composed of two parts. Part one is the weight of the fraction in the
layer (ABL - AZ):

[(ABL - AZ) AX Pp p 9 ril (1)

where AX is the length of a control element of the stream bed, P is the
wetted perimeter, p denotes the volume of sediment in unit volume of
bedlayer, pg is the density of sediment, g is the acceleration due to
gravity and rj is the fraction of sediment in size range 1i.

Part two is the component left behind when the flow degrades
the bed by the amount AZ. This part is given by:

[AZ aX Pp o9 ;] qy (2)

where gj s the probability that a particle belonging to size range,
i, will not be transported by the flow that existed during the time
interval at.

Therefore, the weight of fraction, i, in the active bed layer
is:

[(ABL - AZ) AX Pp o9 ry] + [AZ aX Pp p g ril g (3)

The total weight of all fractions in the active bed layer is:

10
Y [(ABL - aZ) aX Pp o g Iy + AL AX Pp o 9 T, qi] (4)
i=1
10
= (ABL - AZ) AX Pp p g + ) AZ AX Pp pg9 ryd; (5)
i=1

The percentage weight of fraction, i, is:
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(ABL - AZ) AX Pp p.g r; + [AZ AX Pp p_g ;] q.
s¥ i s¥ i (6)

10
(ABL - AZ) AX Pp Pg + 1£1 AZ AX Pp p g ry qj

(ABL - AZ) ry + AL ry g4
= x 100 (7)

0
(ABL - AZ) + _% AL - r;q;

2.2 Aggrading Bed

As in the previous case, the weight of a fraction, say, i,
consists of the weight in the deposited layer as well as the weight in
the active bed layer. The weight in the deposited layer is:

[AZ X P p o9 r;] q; (8)
The weight in the active bed layer is:

[ABL aX Pp P9 ri] (9)

The total weight of fraction i is:

[AZ aX Pp pgg 1y q; + ABL AX Pp pg ry] (10)

The total weight of all fractions in both the deposited and active bed
layer is

0
(AZ AX Pp P9 i qy + ABL aX Pp LR ri) (11)

I}

i=1

10

= ABL AXp Po g + ) AZ AX Pp P9 ;0 (12)

1

1
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The percentage weight of fraction i, therefore, is:

AZ AX Pp P9 Ty 9 + ABL AX Pp P9 I

n x 100 (13)
ABL AX Pp p g + Y AL AX Pp Pgd My G
i=1
AZ rig; + ABL ry
= x 100 (14)
10
RBL + } AL riqy
i=1

To use Equations (7) and (14) and to predict the percentage weight
distribution of the sorted sediment after one time step, the quantities
qi and ABL have to be known. In the present model, the quantity gy
is evaluated using the Gessler's (4) expression which is

X

u,
_ 1 i 1y2
95 = — [ ee (-5 %0) K (15)
vV 2n
Tx.i
where Xy, = (— - 1)/0.57 (16)
i T

Tx; 1s the critical shear stress for initiation of motion of frac-
tion, i, as determined from Shield's diagram and T 1is the average bed
shear stress. The thickness of active bed layer, ABL, is assumed to be
related to Dgs

ABL = 2 Dgs (17)
The above assumption was tested using the laboratory data of Little and

Mayer (5), and a satisfactory agreement between model prediction and the
laboratory measurement was observed.




In a recent paper on the development of equilibrium armour
layers, Shen and Lu (6) evaluated qj using Equation (15) but with a
different expression for Xu; - Shen and Lu expressed Xyj as:

T
s
£E—L -1
X, = LI (18)
i (cv)_

where ¢ is a hiding factor and (CV), is the coefficient of variation
of bottom shear stress fluctuations. Note that in Gessler's expression
(CV). is taken as a constant equal to 0.57. Shen and Lu treated the
hiding factor as a function of the grain size, the apparent roughness of
the bed surface and the thickness of laminar sublayer. They treated the
coefficient of variation (CV), as a function of the standard deviation
of the initial distribution of the bed sediment. They also used a
slightly different Shield's diagram to estimate the critical shear
stress for the initiation of sediment motion. They did all this to
match their predicted armour layer distributions exactly with the
measured distribution of Little and Mayer (5). However, it has been
established by Kellerhals and Church (7) and Ettema (8) that the
measured distributions of Little and Mayer do not reflect the true
distribution of the armour coat because of the sampling technique used.
They argued that the hot-wax method used by Little and Mayer biases the
measured distribution towards the larger sizes. Therefore, the method
of Shen and Lu which was formulated on the basis of a biased distribu-
tion may not be valid to predict the true armour coat distribution. In
a recent paper, Odgaard (9) has proposed that the grain size distribu-
tion of the armoured bed follows the normal distribution with mean 1.0
and standard deviation 0.57 when the grain size is normalized as
follows:




S D
(=) (19)

where 6 is the Shield's parameter, S is the slope of uniform flow, p is
the density of the fluid, D is the diameter of the particle and R is the
hydraulic radius. The method of Odgaard was derived for the fully
developed armour layers.

2.3 Calibration of the Proposed Method

As pointed out earlier the thickness of the active bed layer
ABL was determined by running the model for the data of Little and Mayer
(5). The value of ABL is selected so that the final computed
distribution is somewhat finer than the measured distributions. Three
runs were selected (runs Nos. 2.1, 3.1 and 6.1). The model was run
until the equilibrium armour layers were developed. The size
distribution resulting from the model 1s compared with the measured
distribution as shown in Figs. 3, 4 and 5. A deliberate attempt has
been made to ensure that the predicted distributions do not match the
measured distribution and the deviation 1is such that the predicted
distribution is finer than the measured distribution. The predicted
distributions are then analyzed according to the method of Odgaard (9)
and the results are shown in Fig. 6. The open symbols represent the
predicted values, while the solid symbols denote the measured values.
The solid line is the one proposed by Odgaard. It can be seen from
Fig. 6 that the predicted values agree with the curve closer near the
finer end of the distribution.

In the light of the uncertainty in the measurement, it was
felt that any further refinement to the prediction method 1is not
warranted. Improved experimental techniques to measure the grain size
distributions of armour layers are urgently needed to 1improve our
predictive capability.

After computing the percentage of sediment in each size range
using Eqns. 7 and 14, the model then computes D3s and Des by
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constructing the cumulative distribution curve and linear interpolation

as follows:

PZ’-..PLO

be the weight percentages of the bed

sediment. Then the cumulative distribution is computed as shown in the

table below.

Size in mm

0.125
0.250
0.500
1.000
2.000
4.000
8.000
16.000
32.000
64.000

Percentage Finer

P

Pi+Ps

P +Py+P3

P +P2+P3+P,

P +Po+P3+P,+Pg

P +P2+P3+P, +P5+Pg

Py +P2+P3+P, +P5+Pg+P
P+P2+P3+Py +P5+Pg+P7+Pg

P +P2+P3+P, +P5+Pg+P,+Pg+Pg
P1+P2+P3+Py +P5+Pg+P7+Pg+Pg+P

The grain sizes for which the percentage finer values are 35 and 65,
i.e., D35 and Dgs are determined by interpolation. Referring to Fig. 7,
the values of D35 and Dgs are determined from the following two

relations.
log D' - log D! P' - P}
u 2 u L (20)
log D35 - log Di 35 - Pk
log D;' - log D, ' Pa'= Py (21)
log Dgs - log Di' 65 - Pi'
where DG and Di are the grain size values that encompass Djs. Pd and Pi -

are corresponding percentage finer values. Similarly, D&' and Di' are
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the grain sizes that encompass D__, and P&' and Pi' are the corresponding
percentage finer values.

The values of D3s and Dgs are then used to compute the
sediment transport rate and the friction factor of the mobile boundary
flow in the model. As the armour layer develops, the values of D35 and
Dgs increase which in turn affects both the sediment transport rate and
the friction factor. For the same flow condition, the sediment
transport rate will decrease as D3s increases and the skin friction will
increase as Dgs increases. Therefore, the effect of armouring is felt
in the sediment transport rate and the friction factor via the values of
D3s and Dgs respectively.

2.4 Changes to Source Code

Since the grain size distribution is treated as a function of
distance along the river reach, the grain size parameters D35 and De s
have to become subscripted variables. Similarly since the friction
parameters CONST, EM and EN depend on the grain size distribution, these
parameters have to be also subscripted variables. These changes were
introduced into the source code. A listing of the revised code is given
in Appendix I.

2.5 Changes to Data Files

The grain size distribution 1information is specified to the
model along with the geometric information in TAPEl. The grain size
distribution is specified at the same stations for which the geometry
data are specified. The model then assigns the grain size distribution
data to the grid station in the same way as it assigns the geometry data

to the grid stations. The revised arrangement of tape 1 1is shown
schematically in Fig. 8. The format of the data of tape 1 is shown in
Table 1.
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TABLE 1

MOBED Geometric Data (TAPET)

Group Format Columns Variable
Name
X1 F8.0 1-8 Card identification parameter X1
F8.3 9-16 An identification number for SECNO
for the station
14 17-20 Number of points to define NUMST
the shape of the cross-section
ax 21-24 Gap
F8.3 25-32 Distance in metres or ft between XLCH
adjacent stations. Zero for the
first station.
F8.3 33-40 Thickness of bedlayer in metres TBL
or in ft.
I3 41-43 Control parameter which specifies UNIFORM
whether the sediment is uniform or
not
F8.3 44-51 A factor which when multiplied by UNISIZF
the upper 1imit of the size range
for which a value of 1.0 is
specified gives the size of uniform
sediment
GR F8.0 1-8 Card identification parameter GR
9F8.3 9-16 Lateral distance in metres or ft. X(1)
of a point on the perimeter of the
cross-section
17-24 Elevation of the same point in Y(1)
metres or in ft.
25-32 lLateral distance of the second point  X(2)
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TABLE 1. MOBED Geometric Data (TAPEL) (continued) Table 1.2
Group Format Columns Variable
Name
33-40 Elevation of the 2nd point Y(2)
41-48 Lateral distance of the 3rd point X(3)
49-56 Elevation of the 3rd point Y(3)
57-64 Lateral distance of the 4th point X(4)
73-80 Lateral distance of the 5th point X(5)
GR F8.0 1-8 Card identification parameter
9f8.3 9-16 Elevation of the 5th point Y(5)
17-24 Lateral distance of the 6th point X(6)
25-32 Elevation of the 6th point Y(6)
33-40 Lateral distance of 7th point X(7)
41-48 Elevation of 7th point Y(7)
49-56 Lateral distance of 8th point X(8)
57-64 Elevation of 8th point Y(8)
65-72 Lateral distance of 9th point X(9)
73-80 Elevation of 9th point Y(9)
(This group contains coordinates of NUMST points)
SD F8.0 1-8 Card identification parameter SD
9F8.3 9-16 Fraction of sediment by weight SDP(1,1)

in size range #1

17-24 Fraction of sediment by weight in SDP(1,2)
size range #2

25.32 Fraction of sediment by weight in SDP(1,3)
size range #3

33-40 Fraction of sediment by weight in SDP(1,4)
size range #4

41-48 Fraction of sediment by weight in SDP(1,5)
size range #5
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TABLE 1. MOBED Geometric Data (TAPEl) (continued) Table 1.3
Group Format Columns Variable
Name
49-56 Fraction of sediment by weight in SDP(1,6)
size range #6
57-64 Fraction of sediment by weight in SDP(1,7)
size range #7
65-72 Fraction of sediment by weight in SDP(1,8)
size range #8
73-80 Fraction of sediment by weight in SDP(1,9)
size range #9
9-16 Fraction of sediment by weight in SDP(1,10)

size range #10

This completes the geometric data specification to Station #l1.

The data for other stations are continued in a similar fashion.

Note that the data specification is from upstream station to
downstream station.
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The structure of the input data file, TAPES, is also affected
by inclusion of the sediment sorting algorithm. The arrangement of data
in TAPES is shown schematically in Fig. 9. The format is shown 1in
Table 2. Note that additional data groups are added to the original
TAPES arrangement. The values of D35 and Dgs specified under data group
8 of the previous TAPES are dropped and data groups 17 and 18 are added
to provide space for storing (D3s(I), I = 1,N) and (Dgs(I), I = 1,N) for
the last time step in a batch simulation in which the total simulation
period 1is covered by a series of shorter duration simulations.
Initially, the data groups 17 and 18 contain zero values. Data groups
15 and 16 are added to provide space for storing the bed layer
thickness, BL and the active bed Tlayer thickness at the end of the
simulation period. At the start of simulation, data groups 15 and 11
also contain zero values. Data group 19 is to provide space for storing
the percentage of sediment in different size ranges for each grid
station. Zero values are specified at the very start of the simulation
period.

2.6 Miscellaneous Changes

A control parameter was introduced into the model so that the
model can be run for uniform size sediment. The name of the control
parameter is UNIFORM. When the bed sediment is uniform, a value of
unity is specified to this parameter, otherwise, a value of zero is
specified. When running the model for uniform size sediments an
additional parameter called UNISIZF is introduced to calculate the
actual size of the sediment from the size range. When specifying grain
size distribution for a uniform sediment, a value of 1.0 will be
specified to a size range and the actual size of the sediment will be
computed as:

Actual sediment size = UNISIZF x upper limit of
the size range (22)
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( Data Group 22: CONSTR, EM, EN, IBED
( Data Group 21: QSED (I, J), J =1, IL,1 =1, NTOT
( Data Group 20: TQL (I, J), J = 1, 1L, 1 = 1, NTOT
( Data Group 19: Position of Tributaries NT (1), | =1, NTOT
( Data Group 18: TY(l), | = 1, iL
(@ata Group 17: TQ (I),1=1, IL

Data Group 16: ITYPEUP, ITYPEDN, AAU, BBU, CCU, AAD, BBD, CCD

[ Data Group 15: TQS (I),1=1, IL

Data Group 14: Dummy Values for SSDP (I, J), J =1,10,1=1, N
§ Data Group 13: Dummy Values for SD65 (1), 1 =1, N

' (@ata Group 12: Dummy Values for SD35 (1), 1=1, N

O Data Group 11: Dummy Values for SABL (I),1=1, N
< LLData_Group 10: Dummy Values for SBL (I), 1 =1, N
Q‘D' Data Group 9: PORS
( Data Group 8: GAM, GAMS, ANU
( Data Group 7: IYEAR, IDEEP, IPRNT
(Data Group 6:Z (1),1=1,N
( Data Group 5: Q (1),1=1,N
Data Group 4: Y (I),1=1,N
f%:ta Group 3: THETA, DELTAX, DELTAT, XLENGH, G, QIN, QSED, SAR
Data Group 2: N, INFLOW, INTOT, IS, ISED, | FRICT, METRIC, XIN
Data Group 1: IL, IP, | TEST

Program Mobed with sediment sorting algorithm

Job and System Control Cards

Fig. 9: IMPUT DATA ARRANGEMENT FOR MOBED (TAPE 8)
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TABLE 2

MOBED INPUT DATA (TAPES)

Group Format

Columns

Variable

Name

1 315

2 615,
2F10.4

1-5

6-10

11-15

1-5

6-10

11-15

16-20

21-25

Number of time steps for which the
model predictions have to be carried
out

An integer parameter to set the time
counters at the start of the model
predictions

A control parameter to print out
intermediate results of a number of
computations. ITest=1 will cause
the printout. ITEST=0 will bypass
the printout.

Number of grid points along the
river reach (maximum=61).

Control parameter for tributary
INFLOW=1, indicates presence of
tributary inflows in this reach
Total number of tributaries

present in the model reach

An integer between 1 and N, to
indicate the position of a storage
basin in terms of the grid positions.
1S=0 indicates absence of storage
basins

A control parameter to indicate the
nature of river reach. If ISED=0,
the reach is rigid boundary. IF
ISED=1, the reach is loose boundary

IL

IP

ITEST

INFLOW

NTOT

IS

ISED
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TABLE 2. MOBED INPUT Data (TAPE8) (continued)
Group Format Columns Variable
Name
26-30 A control parameter to choose the IFRICT
friction factor relation. IF IFRIC=1,
then the relations of kishi and
kuroki are used.
31-40 A conversion factor to convert METRIC
the geometric data specified in
TAPE1 from British units to metric
units. If data are specified in
British units then METRIC=.3048.
If data are in metric units then
METRIC=1.0
41-50 Location of the first cross-section XIN
for which the geometric data are
specified. The location is specified
in terms of distance in metres
measured from the upstream boundary
3 6F9.3 1-9 A weighting coefficient. A value of THETA
0.67 is recommended
10-18 Distance in metres between grid DELTAX
points
19-27 Time increments, in seconds DELTAT
28-36 Total distance of reach (m) XLENGH
37-45 Acceleration due to gravity (m/sz) G
46-54 Water surface area of storage SAR

basin, in m?
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2. MOBED Input Data (TAPE8) (continued)

Group Format Columns Variable
Name
4 8F10.3 1-10 Initial flow depth (m) Y(1)
(Upstream 11-20 Initial flow depth (m) Y(2)
to 21-30 Initial flow depth (m) Y(3)
Downstream) 31-40 Initial flow depth (m) Y(4)
41-50 Initial flow depth (m) Y(5)
51-60 Initial flow depth (m) Y(6)
61-70 Initial flow depth (m) Y(7)
71-80 Initial flow depth (m) Y(8)
N such values have to be specified
5 8F10.4 1-10 Initial flow rate (m®/s) Q(1)
(Upstream 11-20 Initial flow rate (m3/s) Q(2)
to 21-30 Initial flow rate (m®/s) Q(3)
Downstream) 31-40 Initial flow rate (m3/s) Q(4)
41-50 Initial flow rate (m®/s) Q(1)
51-60 Initial flow rate (m3/s) Q(5)
61-70 Initial flow rate (m%/s) Q(7)
71-80 Initial flow rate (m3/s) Q(8)
N such values have to be specified
6 8F10.6 1-10 The bottom elevation (m) Z(1)
11-20 The bottom elevation (m) 2(2)
21-30 The bottom elevation (m) Z(3)
31-40 The bottom elevation (m) Z(4)
41-50 The bottom elevation (m) Z(5)
51-60 The bottom elevation (m) 7(6)
61-70 The bottom elevation (m) 2(7)
71-80 The bottom elevation (m) 7(8)

N such values have to be specified
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TABLE 2. MOBED Input Data (TAPES) (continued)
Group Format  Columns Variable
Name
7 14,15, 1-4 An identifier for the geometric data  IYEAR
12
5-9 Maximum flow depth expected in ft. IDEEP
10-11 Control parameter to print out all
the geometric properties of the river
reach. If IPRNT=1, the calculated
geometric properties such as the flow
cross-sectional area wetted perimeter
and top width for all the cross-
sections are printed out
8 3E10.4 1-10 Specific weight of water (kg/m*) GAM
11-20 Submerged specific weight of GAMS
sediment (1650 kg/m?)
21-30 Kinematic viscosity (10'bm2/s) ANU
9 F5.2 1-5 volume of sediment in unit volume PORS
of bed layer
10 8F10.6 1-10 Dummy Bedlayer thickness (m) SBL(1)
(upstream 11-20 Dummy Bedlayer thickness (m) SBL(2)
to 21-30 Dummy Bedlayer thickness (m) SBL(3)
downstream)31-40 Dummy Bedlayer thickness (m) SBL(4)
41-50 Dummy Bedlayer thickness (m) SBL(5)
51-60 Dummy Bedlayer thickness (m) SBL(6)
61-70 Dummy Bedlayer thickness (m) SBL(7)
71-80 Dummy Bedlayer thickness (m) SBL(8)
N such values have to be specified. The model will update the
SBL values with actual bed layer thickness when it rewrites
TAPES at the end of the first simulation in a batch mode. When
preparing initial TAPES, please specify zero values for SBL.
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TABLE 2. MOBED Input Data (TAPES) (continued)

Group Format Columns Variable
Name
11 8F10.6 1-10 Dummy value for active bed layer SABL(1)
thickness (m)
(upstream 11-20  Dummy value for active bed layer SABL(2)
thickness (m)
to 21-30 Dummy value for active bed layer SABL(3)
thickness (m)
downstream)31-40  Dummy value for active bed layer SABL(4)
thickness (m)
41-50 Dummy value for active bed layer SABL(5)
thickness (m)
51-60 Dummy value for active bed layer SABL(6)
thickness (m)
61-70 Dummy value for active bed layer SABL(7)
thickness
71-80 Dummy value for active bed layer SABL(8)
thickness (m)
N such values have to be specified. The model will update the
SABL values with actual bed layer thickness values when it
rewrites TAPES at the end of the first simulation. Therefore,
when preparing initial TAPES, please specify zero values for
SABL.
12 8F10.6 1-10 Dummy value for D3y (m) SD35(1)
11-20 Dummy value for D3y (m) SD35(2)
21-30 Dummy value for Dys (m) SD35(3)
31-40 Dummy value for D3s (m) SD35(4)
41-50 Dummy value for Ds3s (m) SD35(5)
51-60 Dummy value for Dss (m) SD35(6)
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TABLE 2. MOBED Input Data (TAPE8) (continued)
Group Format Columns Variable
Name
61-70 Dummy value for D35 (m) SD35(7)
71-80 Dummy value for D3g (m) SD35(8)

13

14

N such values have to be specified.

The model will update the

SD35 values with the actual D3g values when it rewrites TAPES

at the end of the first batch simulation.

Therefore, when

preparing initial TAPE8, please specify zero values for SD35.

8F10.6 1-10
11-20
21-30
31-40
41-50
51-60
61-70
71-80

N such values need to be specified.

Dummy value
Dummy value
Dummy value
Dummy value
Dummy value
Dummy value
Dummy value
Dummy value

for Dgs (m)
for Dgs (m)
for Dgs (m)
for Dgs (m)
for Dgs (m)
for Dgs (m)
for Dgs (m)
for Dggs (m)

SD65(1)
Sp65(2)
SD65(3)
SD65(4)
SD65(5)
SD65(6)
SD65(7)
SD65(8)

The model will update the

SD65 values with the actual values of Dgs when it rewrites

TAPES at the end of the first batch simulation.

when preparing initial TAPES,

SD65.

8F10.6 1-10
11-20
21-30
31-40
41-50

Dummy values
of particles
Dummy values
of particles
Dummy values
of particles
Dummy values
of particles
Dummy values
of particles

Therefore,

please specify zero values for

for percent by weight
in size range 1
for percent by weight
in size range 2
for percent by weight
in size range 3
for percent by weight
in size range 4
for percent by weight
in size range 5

SSDP(I,1)

SSDP(I,2)

SSDP(1 3)

SSDP(1,4)

SSDP(1I,5)
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TABLE 2. MOBED Input Data (TAPES) (continued)
Group Format  Columns Variable
Name
51-60 Dummy values for percent by weight  SSDP(I,6)
of particles in size range 2
61-70 Dummy values for percent by weight SSDP(1,7)
of particles in size range 2
71-80 Dummy values for percent by weight SSDP(1,8)

15

N such values need to be specified.

of particles in size range 2

The model will update the

SSDP values with the actual grain size distribution values when
it rewrites TAPE8 at the end of the first batch simulation.
Therefore, when preparing initial TAPE8, please specify zero

values for these parameters.

8F10.6 1-10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

Sediment
upstream
Sediment
upstream
Sediment
upstream
Sediment
upstream
Sediment
upstream
Sediment
upstream
Sediment
upstream
Sediment
upstream

transport rate at
boundary in kg/s.
transport rate at
boundary in kg/s.
transport rate at
boundary in kg/s.
transport rate at
boundary in kg/s.
transport rate at
boundary in kg/s.
transport rate at
boundary in kg/s.
transport rate at
boundary in kg/s.
transport rate at
boundary in kg/s.

(This group contains Il such values)

TQS(1)

TQs(2)

TQS(3)

TQS(4)

TQS(5)

TQs(6)

TQs(7)

TQS(8)
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TABLE 2. MOBED Input Data (TAPE8) (continued)
Group Format Columns Variable
Name
16 21, 1-3 Type of upstream boundary condition ITYPEUP
6F5.0 4-6 Type of downstream boundary ITYPEDN
condition
11-15 Parameter of upstream AAU
stage-discharge relationship
16-20 Parameter of upstream BBU
stage-discharge relationship
21-25 Parameter of upstream . CCU
stage-discharge relationship
26-30 Parameter of downstream AAD
stage-discharge relationship
31-35 Parameter of downstream BBD
stage-discharge relationship
36-40 Parameter of downstream CCD
stage-discharge relationship
17 8F10.4 1-10 Flow rate as a function of time TQ(1)
at the upstream or downstream
boundary
11-20 Flow rate as a function of time TQ(2)
at the upstream or downstream
boundary
21-30 Flow rate as a function of time TQ(3)
at the upstream or downstream
boundary
31-40 Flow rate as a function of time TQ(4)
at the upstream or downstream
boundary
41-50 Flow rate as a function of time TQ(5)

at the upstream or downstream
boundary
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TABLE 2. MOBED Input Data (TAPE8) (continued)

Group

Format

Columns

Variable
Name

18

51-60

61-70

71-80

Flow rate as a function of time
at the upstream or downstream
boundary

Flow rate as a function of time
at the upstream or downstream
boundary

Flow rate as a function of time
at the upstream or downstream
boundary

(this group contains IL such values)

8F10.4

1-10

11-20

21-30

31-40

41-50

51-60

Flow depth as a function of time
at the downstream or upstream
boundary

Flow depth as a function of time
at the downstream or upstream
boundary

Flow depth as a function of time
at the downstream or upstream
boundary

Flow depth as a function of time
at the downstream or upstream
boundary

Flow depth as a function of time
at the downstream or upstream
boundary

Flow depth as a function of time
at the downstream or upstream
boundary

TQ(6)

TQ(7)

TQ(8)

TY(1)

TY(2)

TY(3)

TY(4)

TY(5)

TY(6)
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TABLE 2. MOBED Input Data (TAPE8) (continued)
Group Format Columns Variable
Name
61-70 Flow depth as a function of time TY(7)
at the downstream or upstream
boundary
71-80 Flow depth as a function of time TY(8)
at the downstream or upstream
boundary
(This group contains IL such values) .
19 615 1-5 Position of 1st Tributary NT(1)
6-10 Position of 2nd Tributary NT(2)
11-15 Position of 3rd Tributary NT(3)
16-20 Position of 4th Tributary NT(4)
21-25 Position of 5th Tributary NT(5)
26-30 Position of 6th Tributary NT(6)
20 8F10.4 1-10 Tributary inflow rate of the TQL(1,1)
first tributary
11-20 Tributary inflow rate of the TQL(1,2)
first tributary
21-30 Tributary inflow rate of the TQL(1,3)
first tributary
31-40 Tributary inflow rate of the TQL(1,4)
first tributary
41-50 Tributary inflow rate of the TQL(1,5)
first tributary
51-60 Tributary inflow rate of the TQL(1,6)
first tributary
61-70 Tributary inflow rate of the TQL(1,7)

first tributary
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TABLE 2. MOBED Input Data (TAPES8) (continued)
Group Format Columns Variable
Name
71-80 Tributary inflow rate of the TQL(1,8)

21

22

This group contains IL such values for each tributary

specified.
8F10.4

1-10
11-20
21-30
31-40
41-50
51-60

61-70

71-80

This group contains IL such values for each tributary

specified.
F20.5, 1-10
F210.3, 11-20
I5 21-30
31-35

first tributary

Lateral sediment inflow rate at

first tributary
Lateral sediment
first tributary
Lateral sediment
first tributary
Lateral sediment
first tributary
Lateral sediment
first tributary
Lateral sediment
first tributary
Lateral sediment
first tributary
Lateral sediment
first tributary

inflow

inflow

inflow

inflow

inflow

infiow

inflow

Friction parameter
Friction parameter

Friction parameter

Parameter defining the nature of

bed form

rate

rate

rate

rate

rate

rate

rate

at

at

at

at

at

at

at

QSED(1,1)

QSED(1,2)

QSED(1,3)

QSED(1,4)

QSED(1,5)

QSED(1,6)

QSED(1,7)

QSED(1,8)

CONSTR
EM
EN

IBED
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The parameters, UNIFORM, UNISIZE are specified to the model through
TAPEl. (See Fig. 8 and Table 1.) '

In this version of MOBED, the ratio between the suspended load
and the total sediment load 1is computed and is printed out as an
additional model output. As pointed out earlier, the sediment transport
rate calculations are carried out using D35 value for the sediment and
not the individual fraction of sediment in each size range. For
calculating the ratio between the suspended load and total Tload, a
critical shear velocity for initiation of suspension proposed by
van Rijn (10) was adopted. According to this method, the critical shear
velocity U*cr for sediment suspension is given by:

U
et = & for 1¢ D, < 10
W Dy -
(23)
U
*Cr _ 0.4 for D, > 10
w

where w 1is the fall velocity of sediment. D, is a dimensionless
grain size given by

[}
D, = Dy [(— - 1) g_z_] (24)
p v

In the above expression, v stands for the kinematic viscosity of fluid.
The fall velocity of particles w is evaluated from the
following relation

P
) g D3s (25)

w = ¢ [0 /(ps -
[o]

where C and n are given as follows:
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c = .056
t if 0 < D,° < 100
n = 0.50
c = .1585
© if 100 < D,% < 5 x 10°
n = 0.20
¢ = 1.825
‘ if 0,2 > 5 x 10°
n = 0.00

The method of Einstein (11) was employed to compute the ratio between
the suspended sediment load and the bed load transport. According to
this method the ratio is given as:

q : n z A
A= Jss.1l 1 h T (2
1 - 1 - mZ
/ (L= dn + J (2= 1nn dnl (26)
ny n Ny n

where qgg 1S the suspended sediment transport and qg, is the bed
load transport rate. ng» Z, Ag are defined as follows:

n, = - (27)

z = L W (28)
K U*

A, = e<Bs (29)
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2 2
where  B_ = (2.50 x +5.50)e™0-217%" 4 8.5 (1.0 - e0-217X%)  (30)

in which x = 1n (2.5 U,Dgs/v) (31)

Knowing the ratio between qgg and dqgp, the ratio between qgg and
qst can be computed as

Ass _ 1
E;; = - (1 + A)} (22)

(qst 1s the total sediment transport rate.)

A new subroutine called TRIBUT is introduced in this version
of MOBED. This subroutine allows the model to treat ub to six
tributaries in the study reach. The tributary inflow hydrographs are
read into the model through the input data file TAPE8 (see Table 2 and
Fig. 9). The lateral sediment inputs from the tributaries are also
considered. They are also read into the model through TAPES.

3.0 TEST DATA FILES AND MODEL OUTPUTS

Data files, tape 8 and tape 1 prepared for one of the runs of
Little and Mayor are shown in Appendices II and III respectively as
examples of these files and could serve as a set of test data for model
implementation. The model output that was generated using the test data
is shown in Appendix IV. The model output consists of percentages of
sediment by weight in different size ranges, the values of Dy,, Dgs, the
total bed depth, active bed layer thickness, the type of bed forms
present at each node, the friction parameters at each node and the ratio
between the suspended sediment load and the total load at each grid
node, in addition to the usual output of flow parameters.
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4.0 SUMMARY

A sediment sorting algorithm incorporated into MOBED is
described in this report. Some of the additional changes that were
introduced to the model are also described. A set of sample test data
and the model output generated using the test data are presented.
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Listing of MOBED with Armouring Routine
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PROGRAM MOBED 737171 0OPT=1 " FTN 4e84538 86712/
c SECTION Al
E XTI YT R T Y )
¢ THE FOLLOWING IS THE LIST OF SYMBOLS USED IN THIS PROGRAM,
¢
¢ N IS THE NUMBER OF GRID POIMNTS ALONG THE RIVER REACH.
¢ INFLON IS A CONTROL PARAMETER FOR TRISUTARY.
¢ INFLOW=1 INDIGATES PRESENCE CF A TRIBUTARY INFLOW IN
g THIS REACH,
g INFLOW=( INJICATES AESENCE OF TRIBLTARY.
¢ NTOT SPECIFIES THE NUMBER OF TRIBUTARIZS.
g PCSITION OF THE TRIBUTARY.
¢
c s IS AN INTEGER BZTHEEN 41 TO N TQ INDICATE THE
¢ POSITION OF THE STORAGE BASIN IN TZRHS OF THE
¢ GPID LENGTHS,
¢ 1S=0 SIGNIFIES AEBSENCE OF STORAGE BASINe
& ISED IS A CONTROL PARAMETER TO INDICATE WHETHER THE
¢ REACH IS RIGID BOUNCARY OR A LOOSE BOUNDARY.
¢ ISED=0 SIGNIFIES THAT THE REACH IS A RIGID BOUNDARY.
¢ ISED=1 SIGNIFIES THAT THE REACH IS A LOOSE BOUNDARY.
¢ NOTZt FOR _RIGID EOLNDARY RIVER FLOWS THE EARLIE
¢ VERSITN OF MCBZD"(USERS WANUAL URDATET 1583
C IS EASIEX 7O USE, IF FLCW REVERSALS ARE
¢ EXPECTED AS IN TICAL RIVERS TMEN THIS VERION
c I3 MCRE APPRCPRIATE.
¢ THETA IS & WEIGHTING COEFFICTENT BETWZEN 0.5 AND 1.00.
g DEL TAX IS T4E LENGTH BETWEEN GRILC POINTS (IN METERS).
¢ DELTAT IS THE TIME INCREMENTS IN SECGNDS.
¢ XLENGH IS T4Z_TOTAL LENGTH OF THE RIVER REACH MODELLED
¢ (IN 4ETERS).
g G IS THE ACCELERATION DUE TC GRAVITY (IN M/SEC**2).
QIN IS, IH BUTGRY FLOH BATE PER UNIT LENGTH (IN Ma»3/MSZCI.
¢ EIR0RKE E81 BSTRRERTYNAT KENERE SEhef: s
¢ or INCEn DELTAR: THEREFOSE 1CQIN I8 ERURL TO T HE
¢ TOTEL TRIBUTARY INFLOW DIVIDED BY DELTAXa
¢ Qs: 0 IS THE SEDIMENT INFLOW RATE PER UNIT LENGTH(IN M*%3/M*SEC).
¢ THZ LATERAL INFLCW OF SECIMENT,LIKE THE TRIBUT
¢ INFLOW, IS TREZTED AS A LINE SOURCE OF LENGTH
g S TAX. _THERZFORZ, QSED IS EQUAL TO THE TOTAL
¢ LATZAL SEDIMENT TAFLOW RATE DIVIDED BY DELTAX
¢ SAR IS THE WATER SURFAGE AREA OF STGRAGE BASIN.
¢ METRIC IF GZOMETRICAL DATA ARE IN BRITISH UNITS THEN
g METRIC=0,3048, OTHERWISE METRIC=1.0
¢ XIN DISTANZE=-IN=NETRES EETWEEN THE FIRST GRID STATION
¢ AND THE-FIRST CROSS SEOTIEN WHERE GEONCTRICAL BATA
g ARE SPECIFIED.
¢ TQs UPSTREAM EOUNDARY VALUES OF SEDIMENT TRANSPORT RATE
¢
¢ IFPICT CONTROL PARAMETER TO SELECT FRICTIONAL RELATIGNS
& IFFICT=1 THEZ FRICTIONAL RELATIONS OF KISHI-KUROKI ARE USED
¢ IFRICT.NZ.1  THZ FRICTICNAL RELATIONS SUCH AS MANNINGS OR CHEZYS
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SECTION A4
¥i¥skvnun

a ¥
IS THE SPECIFIC WEIGHT OF WATER (1000KG/M**3).

IS SJBHERGED SPECIFIC WEICGHT OF SEDIMENT
(1653 KG/M**3),

IS AV ARRAY OF GRAIN SIZE OF SEDIMZNT (IN METERS),
IS AN ARRAY OF GRAINSIZE CF SEDIMZNT RESPONSIBLE FOR ROUGHNESS

IS THE KINEMATIC VISCOSITY OF WATER
(1.0%*=6 M**2/SEC).

IS THE Rt{;gROF VOLUME OF SEDIMENT TO VOLUME OF BED
L)

;gI RATE AT THE UPSTREAM SECTION
3

NDA
TIVELY,

ONSTANTS APPEARINE
Q = A¥(Y*¥g)+(,
IONS ARE NOT CHO

c IN THE
SCHARGE

ARE
FOFM
RILAT

lllUl

ITYPEUP+ITYPEDNsAAUy BBUsCCUsAAD83D4CCD

SECTION A€
FE3 Y 4 4

*

SPECIFICATION OF UPSTRZAM AND COWNSTREAM BOUNDARY CONDITIONS,

IS THE FLOW RATE AS A FUNCTIOM OF TIME
IS T4E FLOW DEPTH AS A FUNCTION OF TIME

E0:2) 4 AND. (TTYPEDNs Qe 1) ) 4ORs ((ITYPEUPo EQo1) oAND,
§§;3E6A¥g.g%TVPEDN.EQ-1)).OR-((ITYPEUP.EQ.i).AND.
EQ.33+AND, (ITYPEDN. EQ.3)) 60 TO 90
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PROGRAM MOBED 73/171 CPT=4 " FTN 4434538 86/12/1
c A IS FLOW CROSS SECTICNAL AREA (IN M**2).
§ P IS THE W:TTED PERIMETER (IN METERS) .
g R IS HYDRAULIC RADIUS (IN METERS).
¢ B IS TP WIDTH (IN METERS).
¢ Q IS FLON RATE (IN M*3/SZC),
¢ AYX IS TAE RATE OF CHANGE OF #A% WoReTe X = DIRECTION
¢ WHEN DEPTH IS HELD CONSTANT.
: AVY IS THE AVERAGE DEPTH IN THE REACH.
¢ FR IS THE FROUDE NUMBER.
¢
CALL GEOMET (A,PsRyByDERByDERPyQ,AYXoAVY,FR, IDEEP,RNEH,
¢ SABLs3D35,S065,SSOP»UNIFORN,$ELIUNISIZF)
¢
¢ COMPUTATION OF FRICTIOML PARAFETERS FOR THE FLOW USING
¢ SUEROUTINE == F .
¢
g CONST, EM, AND EN ARE FRICTION PARAMETERS.
¢
g ASF IS THE AVERAGE GHANGE SLCFE OF THE REACH.
¢ c IS THE FRIGTION COEFFICIEMT.
¢ IBED IS A PARAMETRIC ARRAY REPRESENTING THE BED FORM
¢ £ ERara CPRAYETRIE ARR I 0 FoR
€
¢
¢GALL FRICT (Y4240 AyRy CONST 222N, ASF 4 BSLOPE o I8E Dy IFRICT, ISED,
c
IF (ISZD,NZe1) GO _TO 230
IF (IFRIGTGNE.1) 30 TG 120
GO TO 130
120 CONTINUE
0 125 I =1,N
125 CONST(T) ='CONSTR
130 IF (IAGAIN.EQ.1) 50 TO 250
IF (TIeLEe2) GO TO 150
00 140°I=15N
PL(I) = P2(I)
8T1(I) = BTZ(I)
ARL(T) = RR2(1)
CAVI(I) = CAVZ(I)
140 QSTi(I) = QST2(I)
GO TO 170
150 IF (IIWGE.2) GO T2 170
¢
¢ COMPUTATION OF THE SEDIMENT TRANSPORT RATE AND THE AVERAGE
¢ SEDIMENTS CONCENTRATIONS USING SUBROUTINE == SEDI.
¢
g CAV IS T4E AVERAGE VOLUMETRIC SEDIMENT CONGCENTRATION.
¢ asT IS THE TOTAL SEDIMEAT TRANSPORT RATE (IN M®*3/SEC).
¢
ALL SEDI (QyA,AVY RoFRyASF,QSTCAV +C s TA)
80 160EI=19N' » 'RyFR, ’ ’ oCoTA
P1(I) = P(I)
sl =etn
ARL(I) = a(f)
CAVi(I) = CAV(I)
160 QSTi(I) = eST(I)
G0 TO 250
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#33% UPSTREAM BOUNDARY CONDITIONS ¥=+*
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SUBROUTINE BED (Ny JNIFORM,UNISIZF)

SUIROUTINZ TC CALCULATE D35 AND D65 FRCM THE GIVEN SZDIMENT SIZE
DISTRIBUTION .
scggggnzﬁﬁgen,cAns.uss«sn.nss«su,Auu.G.Aeuen.sop(51.1u),a|.(s1)
) ] e
COMMGON/X) A(EL1,P(BL), W(61), DEPTHIEL)
BIMINSTON SPOT (20, PU(2) 4PLI2),DU(2) ,DL(2),D(10), UNISIZF(61)
5§;§G%5(¥7I§°§P§3%’/o 000425,0.0002504 0000500, 0,.0C100,0.0020
2 1=1y . . o Ue . 92U, ’
$ 0. 089287003, 0. 0167 0:632,0.0647
DATA SFOT(1),SPOT(2) /0,35,0.65/
DATA (DU(I)+I=1,2) /72%¥0e07
DATA (DLCE) E=1,2) 72%0.07
IF (UNIFORMIN).EQ, 1) GO TO 39
pUCL) = 0.0
PULZ) = 0.0
DO 20 L = 1,2
TZMP = 040
Do 10 K31:10 |
cP = TZ4P _+ 30P (NgK) _
1F C{TEMP.LT,SPOT(L)).0R. (PU(L)}eNE4 Co0)) GO TO 10
PU(L) = TEMP
PLIL) = TEMP = SIPIN,K)
TOP 003 CHESK FOR Z5R0 DENCMINATOR FOR DE5,D25 CALCULATICN
IF(FULL) LEQ.PLIL)) GO TO 50
DUCL) = H(K)
DLIL) = D(K=1)
CONTINUE )
ESN%igggL).LT.O.D).OR.(DL(L).LT.O.Q)) GO TO 50
B35(N) = 10%%(()+3E=PL(1))/(PU(L)=PL (1)) *(ALOG10(DU(1)) -ALOG1O(
H DL (110 +ALIGLCICL (1)) )
DB5(N) = 10%%((J.b65=PL (2) 1/ (FPU(2)=PL (2))*(ALOG10 (DU(2))-ALOG1D!
8 OL12))) +AL0GL0 L (2)))
GO TO &5
CONTINUE
00 35 I =1,10
H35 (M) = BII)*UNISIZF(N)
IF (SDP(N,I1.67s0s1) GO TO 40
CONTINU:
peS (M) = DIE N
COMNT INJUE
£ETUFN
g$5550631.120) PLIL), PULL),DLILY» BU (L)
RoSuAT T1HC,2CA_CULATION OF C35 OR DE5 WCULD HAVI RESULTED®,
3 # IN’OIVISION BY ZERQ IN SUIRCUTINE 827 OR LOG OF #,
g £0ZGATIV: NUMBEF #9742 PL = 24F10.59% PU = #,F1045y
H 2 0L = #.F10.,5,% U= #,F10.5)
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ROUTINF USTSEA™ 73/171 OPT=1 FTN 434538 8E/127
. SUPROUTINE USTREA™
¢ SUBROUTINE TO SSTABLISH UPSTRZAM BOUNDARY DOUBLE
¢ SWECP COLFFICIENTS
COMMON/A/ Y(E1),B4(51),1I,TQ5(200)
gguaanscy ;T?pebp.l?@PéoN:K1flAu BBU,GCU,44DyB30,C30
04 ONYDr 1002000, TY(200) 22 C21),F (1) 4 CELY (c1),QE1)
c CCHMCN /E/ DZLTAXyGELTAT,N
GO TO (100,110,12)), ITYPZUP
100 £(1) = 1000004 80
FU) = =E(1)% (TY(<141)=TY (K1)
C RETUSN
110 E(1) = 0,0
F(1) = TQ(k1+¢1)=T3(K1)
. RETUSN
Y120 F(1) = 2AU*Y(1)**3BU-Q{1)
F(1) = AAU*SEU*Y(1)%»(BBU-1)
5TTUFN
Y
VITITY DITAILS rTAGNDOSIS 0F PFORLEM

I AN IF STATZM=~T MiY BE MORI EFFISIENT THAN A 2 OR 3 BRANCH COMFUTZD
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ROUTINE DSTREAM 737171 OPT=1 " FTN 4.84538 86/12/¢
. SUSROUTINE DSTREAY
¢ SUBROUTINE TO ESTABLISH DOWNSTREAM BOUNDARY
§ ValUES OF DELYTN)
GOMMEN/A/ Y(51),B4(64),11,TaS 200
COMMON/C/ ITYPEUP, IT Pégn,x1 ALU,BBU,CCU,AAD, BBD,CS0
COMMON/D/ TQ(200),TY (2006 (1) ,F(61),cELY (el),atel)
. COMMCN /E/ DELTAX;DELTAT,N
c GO TO (100,110,123}, ITYPEDN
100 DELYAN) = TY(K141)-TY(KL)
110 BELVIND = ((TQ(KL#1)=TQ(K1))=F(NDIZE(N)
; RETURN
120 S=Y(N)=0,800
0 PR e 088750 60 1O 10
8%L¥6N£;(Q(N)+F(N)-3.0565'5"3.0889)/(Q.MMTH‘S"Z.OSGQ-E(N))
10 DBELY(NI=(QIN)+F(N) -, 75L45%+2,27905)/(1,7164*S%%1,27905-E(N))
30 CONTINUE
PETURN
END

VERITY DETAILS DIAGNOSIS 0F PROBLEM
I AN IF STATEMENT MAY EE MCRE ZFFICIENT THAN A 2 OR 3 BRANCH COMPUTEC
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OO0

10

20

SUBROUTINE TRIBUT(N,II,TQL,NT,NTOT,0QL1,QL2)

1S SUBROUTINE CIMPUTES TRISUTARY-PARAMETERS
SION ;QL(6,200)’NT(6).QL1(61),QL2(61)

oor-rod T

——t P e e
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re zZ oo
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FTN 4« 8+538

86/12/1
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/(ACI)*A(I) )/ (G*R(I))

GO TO 140
TH(J))IZ (D(K)=D(N)

IFIX((Y(I)*FEET) +1.00001)

Jrl

J
K
STOP 005 FLOW DEPTH EXCEZDING MA X DEPTH CHECK
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ROUTINE SEEK 737171 GPT=1 FTN 4e8+538 86/12/:

¢ SUSROUTINE SEEK (ZyAi,A2,Y,D1,02)
c Z = A1+((A2-A1)/(22=D1))*(Y~-D1)

RETURN
END
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WUTINE FRICT

1) 9A(61)sR (61)4EL(61)5X(61) yCONSTIBL),

FRICT (YeZ,QsAsRyCONST, EM; ENgASFyBSLOPE,IBEDs IFRICT,
H.GAHS.D35(61).D65(61)gANU,G.ABL(Si).SDP(61,10).BL(61)

OUTINE TO ESTASLISH THE FRICTIOML PARAMETERS NAMELY

UBR
ONST ¢ M y AND N FOR MO3ILE BOUNDARY FLCHS

0no

:Q(I)'Q(I)/(A(I)'A(I)))I(Z.D'G)

[ L BT}

TATION OF LOCAL ENERGY SLOPES
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ROUTINE SEDI 737471 O0PT=1 FTN b.8+453g 86/12/¢(

SUBROUTINE SEDI (29A+AVYsR,FReASF,QST,y CAV,CsTA)

€ §UBRQUTINE TO CALCULATE THE SEDINENT TRANSPORT
C RATES AND AVERAGE CONCENTRATION OF SzDIME
COMMONZA/ Y(€1),84(61)4II,TQS(200)
scggggwggzigen.les.oisis1l.065(g1).A +GoABL(61) +SOP(61,10) ,BL(61)
ggﬂ?ﬂ“:éﬁ'o?eﬁlei25%125'761» {61) 4CAV(61) ,QST(61)
BIMENSION Sl )RRt LA Rt he R, v e W21 280TA teDd
¢ REAL NP4LHS
¢
¢ SEDIMENT CONSTANTS
. DO 150 I=1,N
DGR = 03?(I)‘(G'GQHS/(ANU'ANU'GAH))*'(1.0/3.0)
IFLDGR.L ]
IF (DGReGEL v1. 0eANJ.DGR.LEL60.0) GO TO 400
RA = »17
RM = 1,5
RC = 04025
G0 To 110
100 RN = 1a-¢56%ALCGL] (DGR)
RA = »23/SCRT (DGR) 4014
RM = 9,66/D0GR+1.3%
RCC = 2.86%AL0G10(DGR)~(ALOG10 (DGR) )*%2-3,53
RC = 10,0%*(RCC)
(110 CONTINUE
4 STOP 006 CHECK FOR =VE HYDRAULIC RADIUS VALUES
IF R(I)GTe0.0) GO TO 120
WRITE (&1, 160)
WRITE (E1,170) R(I)
c STOP 006
120 CONTINUE
CALCULATION GF FALL VELOCITY W
LCHEGCK = 0
DGR3 = DGR*»
IF (DGR3 530000.0) GO TO 121
CT = 1.825
NP = 000
GO TO 125
121 CONTINUE
IF(DGR3.LE.100.0) GO TO 122
CT = 0s1565
NP = 0.2
GO To 125
122 €T = 0,056
(125 W = CT*DGR3**NP*SQRT (GAMS/GAN*G*D35 (I))
¢
¢ CALCULATION 07 CRITICAL SHEARVELOCITY FOR INITIATICN OF SUSPENSION
¢
IF(DGR.GT, 10.0) 63 TO 90
UCRS=4, 0% W/ DGR
6 To &g
90 UCRSSDe4*N
¢ 80 CONTINUE
¢
€ CALGULATION OF GRAIN ROUGHNESS SFEAR VELCCITY

0
Vs §0RT(G¥A>F'V(1))

126 LCHECK = LCHESK ¢ %
IF(LGH'CK.GE.S]) 60 TO 155
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STREAM BOUNDARY CONDITION FOR

(61, 200)

c

0P 017
WRITE (61,180) LHS+RHS

STOP D11
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ROUTINE PROFILE 737171 0OPT=1 FTN 484538 86s12/¢

SUBROUTINE PROFILZ (METRIC,IDEEP,RANGE yNUM,IPRNTIYEAR,XIN,UNIFOR
. SN, UNISIZ®)
¢ SUBROUTINE TO COMPUTZ THE GEOMETRIC CHARACTERISTICS OF
€ THE RIVER REACH FOR SACH GRID LOCATION
COMMON/Z/X (500),Y(500), XU(500),YU(500)
COMMON/X7 A (810 ,P(51) 4 W(H1); DEPTH(B1 )
sCOSg??gEIIE?M,GAHS,DSS(Si),065(61),ANU96,ABL(61).SDP(61910),8L(61)
BERERS TRt Bl v (61) s RANGE (61) » UNI SIZF(61)
INTEGER UNIFORM(61)
REAL LOWEST,METRIZ
c DATA A(1)s DEPTH(11/0,0001866,0/
¢
. DATA P(1)sN(1)/04673+0060/
¢
NUM = 0
SUM = 0,00
g
100 CONTINUE
c THE CRCSS SECTIONAL ODATA ARE SPECIFIED IN A FORMAT
g SIMILAR To HEC=2 -
¢ SECNO AN IDENTIFICATION NUMBER FOR THE SECTION
¢ NUMST NUMBZR OF PGINTS TO DEFINE THE SHAPE OF THE SECT ION
€ XLCH DISTANGE BETWEEN ADJACENT SECTIONS (IN METERS OR FEET)
¢ ABL ACTIVE BED LAYER
¢ UNIFORF BED 3ONTROL PARAMETER ( SEE MAIN PROGRAM )
¢ UNISIZF (SEZ MAIN FROGRAKN) mr
¢ Y VERTICAL CO-ORDINATE OF A POINT ON THE PERIMETER (IN METERS
¢ X HORIZONTAL CO-ORDINATE OF THE SAME POINT (IN METERS OR FEET
RELD (14170) SECNOyNUMST yXLCHsTBLsUNIFCRM{NUM+1) 4 UNISIZF (NUM41)
. IF (EOF(1)) 150,110
110 CONTINUE
LAST = NUMST
. TBL=TBL*ME TRIC
¢
NUM = NUM+1
SUM = SUM#XLCH
RANGE (KUM) =" SUMSMETRIC+XIN
c READ 1,160, (X(I”Y(I),I=1'LAST)
LOWEST = 99999,
D0 20 I=1,LAST
FOY(IYoLTaLOWSSTILOWEST = Y(I)
(120 CONTINUE
IN = TDEEP+4
ELEV(1) = LOWEST
c DO 130 I=2,IM
ELEVII) = LCWEST+FLOAT(I=1)%0,3068 /RETRIC
. R LT e P L LB L L
. CALL CRCSS (I,IEND,ELEV(I),NETRIC)
130 GONTINYE
IF (IPRNT.NE+0) WRITE (61,190)
ELEV(1) = ZPEV (L) $METRIC
c 00 140 I=1,IM
WRITE (&) RANGZ (NUM) yELEV(I)y CEPTH (I) 4A (I) 5P LI),H(I)
IF (IPRNT.NE.0) WRITE (619200) RANGE(NUM)yELEV(I) +DEPTH(I) oA (I)
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ROUTINE PROFILE
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GO TO 100
RETURN
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a6s12/(

FTN 4.8¢538

oPT=1

737171

ROUTINE COMPARE

(LASTLELEV,IEND)

e

SUBROUTINE COMPAR

THE ELEVATION

UST

2Y(500),XU(500),YU(500)

500)
VE

-0

X
B

G) 10 60
V) 100,100,130

—~iy

GO TO 140

L FORMULA (NyMsELEV,J)

AL

RMULA (NyM,ELEV,J)

onndn

Lo <t
HIEZZOD
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ROUTINE FORMULA 737171 OPT=1 FTN 4484538 86/12/¢

SUBROUTINE FORMULA (NeMs ELEV,J)

THIS SUSROUTINE IATERPOLATES TO FINL THE VALUE OF X MID-STATION
WHERE Y EQUALS ELEV

COMMON/Z/X (5003,Y(500),XU(500),YU(500)

XUCS) = XIN)=CCEE-EV=YIN) )}/ (Y(M)=Y (N) ) I* (X (N}=X(N)})
YUtJ) = ELEV

RETURN
END

O QOO0
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86/s712/1

FTN 4084538

73/171 OPT=1

ROUTINE CROSS

SUBROUTINE CROSS (Js IENDsHs NETRIC)

R WATER,

S-SECTIOMAL AREA UNDE

CROS
IOTH
)oY
PTH

H*METRIC

HH =

o~ o~
=79

<0.x

1) GO TO 110

1

2enbe

IEAD

IF ¢
IEND

oHs ANDeYU(I+1).EQ.H) GO TO 100

il

-

«<ax

H*METRIC

T
TH(J) = FLOAT(J=1)%0, 3048
RN

ONTINUE
EF
U

€T
ND

ooTaw
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o000

100
110
12¢
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ST 737171 0PT=1 FTN 4484538

SUBROUTINE KLIST (RyILASTyNsNEWRSIPRNT4DELTAX)

USRCUTIME ASSIGNS THE GCORRECT_AREAS TOP=WIDTHS
RIME TERS TO EACH GRID POINT

ION R(61),NZHR(61)
)

H
£ PE
NS
N
0
I

rx
e

mnal~Na
me O Gwle

DN HwrZ

LT.AMIN) GO TO 100

-l Z=iaT]

CO~XPOHOMZ |
rzne

Meak4  TONHE

—-ZO0
=-mo
ZXZ

F C(IPPNT,NE.0) HIITE (61,130) (NEWR(J)yJ=1 N)
ErORN o NE 61y ’ ’
gRHAT (1H1,2RANG: NUMBERS ASSIGNED#,61(/1H 4F10.2})

8€s12/1




APPENDIX II

A Sample of Input Data in TAPES8




62 0
26 0
.667
.056
.056
.056
.056
.0127
.0127
.0127
.0127
1.025000
1.017000
1.009000
1.001000

1984 41

.1000E+04
.40
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0
0 0
.500
.056
.056
.056
.056
.0127
.0127
.0127
.0127
1.024000
1.016000
1.008000
1.000000

1650E+04

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
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1 1 1.0000

600.000 12.500

.056 .056
.056 .056
.056 .056
.0127 .0127
.0127 .0127
.0127 .0127

1.023000 1.022000
1.015000 1.014000
1.007000 1.006000
.1000E-05
0.000000 0.000000
0.000000 0.000000
0.000000 ©0.000000
0.000000 0.000000
0.000000 0.000000
0.000000 0.000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000
.000000 .000000

.000000 .000000

1.0000

9.810 0.000

.056
.056
.056
.0127
.0127
.0127
1.021000

1.013000
1.005000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

.000000

.056
.056
.056
.0127
.0127
.0127
1.020000

1.012000
1.004000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

.000000

.056
.056
.056
.0127
.0127
.0127
1.015000

1.011000
1.003000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

.000000

.056
.056
.056
.0127
.0127
.0127
1.018000

1.010000
1.002000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

.000000




0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
2 1
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0560
.0560
.0560
.0560
.0560

.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.o0o00000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0560
.0560
.0560
.0560
.0560

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0560
.0560
.0560
.0560
.0560
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.0ooo000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0560
.0560
.0560
.0560
.0560

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0560
.0560
.0560
.0560
.0560

.600000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0130
.0560
.0560
.0560
.0560
.0560

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000006
.000000
.000000
.000000
.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
.0130
.0130
.0130
.0130
.0130
.0130
.0130

.0560
.0560
.0560
.0560
.0560

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

.0130
.0130
.0130
.0130
.0130
.0130
.0130

.0560
.0560
.0560
.0560
.0560



.0560
.0560
.0560
.0000
.0000
0404
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0560
.0560
.0560
.0000
.0000
. 6000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
0000
.0000
0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0560
.0560
.0560
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
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.0560
.0560
.0560
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0560
.0560
.0560
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0560
.0560
.0560
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0560
.0560

.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
.g0oo0

.0560
.0560

.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
-0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000



APPENDIX III

A Sample of Input Data in TAPE1




X1

GR
GR
GR

sD

1.000
0.000
0.000
0.600
0.000
0.000

13.000
0.600
0.200
0.000
0.075

1.0
0.000
0.000
0.600
0.105
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1.00 ©
0.400
0.300
0.200
0.210

0.000
0.000
0.600
0.250

0.200
0.400
0.400
0.190

0.000
0.000
0.600
0.150

0.000
0.500
0.600
0.020

0.100
0.000

0.000




APPENDIX IV

Sample Output
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