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PREFACE

This manual presents FORTRAN programs for the computation of
sediment transport by the following methods: 1) Einstein's Bed-Load
Function, 2) Mahmood's Bed Material Transport Function, 3) Colby's Bed
Material Load Method, 4) Meyer-Peter and Muller Bed-lLoad Equation,

5) Modified Einstein Procedure. The objective of the manual is to make
these programs available for use as canned programs. For a particular
program and specified input, appropriate quantities concerning the
sediment load are obtained as the output. Input and output formats are
illustrated in each case by examples.

The theoretical basis for the sediment transport methods covered
herein varies widely, and so does their scope and range of applicability.
Salient features of the methods are given as brief introductions to
each chapter. It is assumed that the user has a working familiarity
with these methods, their scope and limitations. References to original
publications containing the theoretical developments and computational
steps as used in the programs are provided in each case.

The computer programs included herein were developed for use in
various research studies. The programming approach is therefore one of
simplicity and ease of modification rather than of economy in compilation
or processing time. The programs are written in FORTRAN IV language and
have been extensively tested on the CDC 6400 computer at Colorado State

University using SCOPE 3.3.
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I. EINSTIN

(Einstein's Bed-Load Function)



1.0 Introduction

Program EINSTIN computes the bed material load and its size distri-
bution in alluvial channels, based on Einstein's bed-load function [1]*.
The original method, as developed by Einstein, encompasses both the
resistance and transport function. The former yields a hydraulic solu-
tion that is used to evaluate grain-associated shear parameters. To be
consistent with the scope of other methods presented herein, Program
EINSTIN assumes that the resistance to flow has been evaluated separately
in a previous step. Therefore, input to EINSTIN consists of mean velo-
city, depth of flow and the energy gradient.

The evaluation of integrals is made by Simpson's rule, using a
variable discretization interval. The bed material is assumed to be

lognormally-distributed [2], with known values of parameters D the

50°
median size, and o, the gradation coefficient. The bed material is
divided into ten fractions, and the limit and mean sizes for each frac~-
tion are calculated. The fractions are of equal probability of occur-
rence; therefore, the sizes do not correspond to standard sieve sizes.

To calculate the fractions corresponding to sieve sizes, the lognormal

distribution can be used.

1.1 Input-Output Description and Examples
The first card in the input logical record should contain the
value of NDATA, in Format I5. NDATA is the number of sets of input

data to be fed to the computer at a time. A set of input data consists

*Numbers within brackets refer to the list of references.



of a group of variables necessary to specify a problem, as detailed

below.

NDATA
¥
ll TN

GEEE&%I

- . ADERTWICATION
warta g{ FORTRAN STATEMERNT

O eEs[ 0060000006005 0600000000006000000000C806800005000000000800800000000030800680
l:! F ] Ili THI NN NI ABNNIRERITARIINNNUBBIRNLSNAQOUHSHITGUENNQUNNISYUYYINNIDOUBRSBARBRIINNBRINNAD
(AR R RN RN AR RN R RRRRRR R - O R R R R AR R RN RN RRARRRR AR ARRRRRE
222220202222222222222222222222122 ‘ N 12222122222222222222222220222222122
[3:3333(3333333333333333333333333 33131322
YRR YRR R YRR R RN Y Y 4&44&&&4
5555 8[5555555555555585555555555 $5555555
]

G686 66 HEE566666666666660666E68666 BE6EE66E
(ARRR1 AR R AR AR R AR RARERRAREEE 11111111
; UNIV

SOOORUEEEORDR0RRRRTRRRYEBLRISY IR
13

99 099/6/999809990099099999999099809909909999999999990999859999998998098898989/699999133

b:x 34y l[l LR unuunununnnnnnunnnusuunnuuauuuumnna!uuuuuuuuuuuuuanuunnﬂn_&mw_nﬂl

be punched in format 8F10.0.

The first card in input is followed by the sets of input data, to

following variables relating to the flow in a cross-section.

iy
2)
3)
4)
5)
6)
7)
8)

A set of input data consists of the

VARIABLE . FORTRAN NAME UNITS
Water Discharge DISCH cubic ft. per sec.
Average Velocity VELAV ft. per sec.
Hydraulic Depth DEPTH ft.
Water Surface Width W ft.
Energy Gradient SS ft. per ft.
Kinematic Viscosity RMU sq. ft. per sec.
Median Bed Material Size D50M millimeters
Gradation Coefficient SIGMA no units
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Output consists of the input variables and the calculated quantit
five columns, as follows:

1) Fraction Number

2) Geometric Mean Size, in mm.

3) Bed Load, in Tons/day

4) Suspended Bed Material Load, in Tons/day
5) Total Bed Material Load, in Tons/day

A sample output follows.

ies in




COMPUTATION OF TOTAL BED MATERIAL
LOAD BY THE EINSTEIN BED-LOAD FUNCTION

WATER DISCHARGE 25,00 C.F,.S.
AVERAGE VELOCITY 5.55 FT,.,/SEC.,
HYDRAULIC DEPTH 4,50 FT,
WATER SURFACE WIDTH 1.00 FT,

«0007500 FT,/FT,
«0000115 SQ.FT./SEC,

ENERGY GRADIENT
KINEMATIC VISCOSITY

MEDIAN BED MATERIAL SIZE 1,00 MM,
GRADATION COEFFICIENT 3.00
FRACTION GEO MEAN SIZE BED LOAD SUS BED MAT LOAD BED MAT LOAD

NO. (MM) (TONS/DAY) (TONS/DAY) (TONS/DAY)
1 «19999 «00055 « 00767 «00822
2 «31036 «01303 «03579 .04882
3 «47116 « 14905 «13625 «28531
4 »65151 «70281 «44072 1,14353
) «86929 1,84360 «86016 2,T0377
6 1.15036 2.82378 «71100 3.53478
7 1.53489 3.27829 «15823 3.43652
8 2.12240 3.31282 0.,00000 3.31282
9 3.22206 2,44739 0.00000 2.44739
10 5.00015 1.1785%2 0.00000 1.17852

TOTAL BED LOAD 15,7499 TONS/DAY

TOTAL SUSPENDED BED MATERIAL LOAD 203498 TONS/DAY

TOTAL BED MATERIAL LOAD 18,0997 TONS/DAY



1.2 Fortran Names for Input and Output Variables

INPUT
Water Discharge DISCH
Average Velocity VELAV
Hydraulic Depth DEPTH
Water Surface Width W
Energy Gradient Ss
Kinematic Viscosity RMU
Median Bed Material Size D50
Gradation Coefficient SIGMA

OUTPUT
Fraction Number I
Geometric Mean Size X(1)
Bed Load BD(I)
Suspended Bed Material Load SD(I)

Total Bed Material Load TSD(I)



IT. STRANS

(Mahmood's Bed Material Transport Function)



2.0 Intrcduction

Program STRANS computes the total bed-material load in sand-bed
channels for specified average velocity, hydraulic depth, energy gradient,
kinematic viscosity, median bed-material size and gradation coefficient.
The program is based on Chapter IX of reference {3]. Briefly, this
transport function uses a two-layer model of flow in sand-bed channels:
an inner layer where the shear stress is a constant, and an outer layer
where it varies linearly. The rest of the phenomenological structure of
this method is the same as that of Einstein's bed-load function.

Program STRANS assumes that the resistance problem has been sepa-

rately solved so that the velocity, depth and energy gradient are
available. The end product of this method is the amount of bed-material
transport as well as its size distribution. In general, when 5 or 10
size fractions are used the smallest size fraction may correspond to
the wash load size and should be exluded from the bed-material load.
The cutoff size for this limit is left to the needs and judgment of the
user. Analysis of flume data [3] has shown that the size distribution
of sand size sediment load is more closely approximated by this method
than by Einstein's bed-load function.

Program STRANS reads in the relevant data for digitized curves and
functions, as well as the standard normal distribution for analyzing
the size distribution of the transport based on the lognormal distribu-
tion. The hydraulic and sediment variables are also read as part of the
input data. The main analysis is carries out in subroutine TPORT.

The tramsport function is designed for five size fractions. Program

STRANS provides a choice of 1, 5 or 10 size fractions, depending on the



value of NN, fed as input. These fractions correspond to equal proba-
bility of occurrence and their limit sizes do not correspond to standard
sieve sizes.

The bed-material size and the bed-load in most sand-bed channels
are lognormally distributed. With this distribution, two parameters,
the median size D50 and the gradient coefficient o are sufficient to
describe the size distributions and to calculate the mean sizes of

various size fractions. The size distribution bed-material fractions

as well as in the transport is assumed lognormal.

2.1 Input-Output Description and Examples

Input consists of the following, in the order shown.

1) Integers NN and JJ, to be read in format 2I10. NN is an input
indicator. If NN=2, the number of size fractions is 1. If NN=6, the
number of size fractions is 5. If NN=11, the number of size fractions
is 10. JJ is an output indicator. If JJ=1, intermediate results are
printed out. If JJ=2, intermediate results are omitted from the output.

2) Input variables V, D, SE, VNU, D50, SDD, to be read in format
6F10.0. V is the average velocity in ft. per sec., D is the hydraulic
depth in ft., SE is the energy gradient in ft. per ft., VNU is kinematic
viscosity in sq. ft. per sec., D., is the median bed material size in

50
mm., SDD is the gradation coefficient sigma.
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Following is an example of the input logical record.
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A sample output follows.



COMPUTATION OF TOTAL BED MATERIAL DISCHARGE 8Y MAHMOODS

AVERAGE VELOCITY
HYDRAULIC DEPTH

WATER SURFACE WIDTH

ENERGY GRADIENT

KINEMATIC VISCOSITY
MEDIAN BED MATERIAL SIZE
GRADATION COEFFICIENT

4,1
10,2
1.0
.000210
000010
.2

1.5

1 FT./SEC.

0 FT.

0 FT,

0 FT./FT.

9 SQ.FT./SEC.
5 MM,

0

FRACTION-WISE VALUES OF COMPUTATIONAL PARAMETERS ARE AS FOLLOWS

F NO. S1Z2E-FT

«171€E~02
«126€-02
+«108€-02
«960E-03
+863E-03
«T79E=-03
«7T01€-03
«622E~03
«533E~03
«394E-03

OVE®NOVIWN -

—

FRACTION~-WISE ANALYSIS IS AS FOLLOWS

F NO, SIZE~MM

«520€E+00
«38SE+00
«330E+00
«293E+00
«263E+00
«238E+00
«214E+00
+190E+00
«163E+00
«120E+00

COO®NOVI WN -~

-

F NO. SIZE-FT

+171E-02
+126E=02
-108E~02
«960E~03
«863E-03
«T7T9E~01
«TO1E-03
«622€~03
«533E-03
«394E-03

COONON S WN™

-

FOR B,M. TRANSP,

ETA=DM /D ROUSE. NO.
«334E-03 «200E+01
«247E-03 «158E+01
«212€-03 »138E+01
«188E~03 «122F 01
«169€E=-03 «109E+01
«153E-03 «973E+00
«137€-03 +855E+00
+122€-03 «T30E+00
«105€-03 «S86E+00
«7T73E~04 «360E+00
FALL VEL ROUSE NO.
«210E+00 «200E+01
«166E+00 «158€+01
«144E+00 ° (138E+01]
«129€+00 \.lZZEOOl
«115€+00 «109€+01
«102€+00 «973E+00
«898E-01 +855€+00
«T6TE-01 «T3I0E+00
«616E-01 «586E+00
«378E-01 «360E«00

PERCENT FINER THAN

100.00
99,52
99,01
98,40
97.60
96 .48
94,76
91.83
86,16
72.23

Das= <1541

MMy DSO=

PARAM, Al

«417€E-02
«522F=02
«648E~02
«819E~02
«107€~01
«14SE-01
«209€-01
«329€-01
«610€-01
«191E+00

CRIT,SHEAR

+557€E-02
«460€E-02
«418E-02
«387F-02
«369E-02
«359€-02
+«350E-02
«340E-02
«327€~02
«303€-02

SIZE~MM PPM

PARAM, B1

=+233E-02
~+2B81E-02
-+331E-02
=¢395€~02
~e4B1E-02
~+e606E-02
~.802€~-02
~+115€-01
~+191E-01
-+518E-01

WEIGH FACT

+958E+00
«966E+00
+969E+00
«971E«00
«9T2E+00
«9T3E00
«9T74E+00
«97SE+00
«976E+00
«9TTE+00

IN FRAC PPM

+520 «918E+02
+385 +9T0E«02
«330 «117E+03
«293 «152E+03
«263 2215€+03
«238 «329€+03
214 «559E+03
«190 «108E+04
<163 «266E+04
120 «138E+05
«0842 MM Dlé= 0460

TRANSPORT FUNCTION

PARAM, C1 P

«718E4+01
«T718E+01
«7T18E+01
«718F+01
«718E+01
«7T18E4+01
«718E+01
«718E+01
«718E+01
«7T18€+01

DEL .SUSP.

+893E-03
«121E-02
«165€-02
«234E-02
«349€E-02
«556E-02
0 966E-02
«190E~01
«4T1E-01
«245€+00

IN FINER THAN

«191€+0S
«190E+05
«189€+05
+«188E+05
«187€4+05
«184E+05
«181E+0S
«176E+0S
+«165E+05
+138E+05

MM AND SIGMA=

ARAM, DI

«1S51E-06
«261F-0S
+111E-04
«338E-04
«900E-04
«227€E~03
«ST4E~-03
«1S6E~-02
+S11F=-02
«351€-01

DEL. BED

+736E-03
«512F-03
«424E~03
«366E-03
«321€-03
«282€-03
«247E=-03
+212E-03
«1T4E~03
«117€-03

1.8311

INTEGRAL 1

«273€E+01
«173€4+01
«142€+01
«125€E+01
«112E+01
«103€E+01
«956E+00
«892FE+00
+838E+00
«797€E+00

FRAC.IN GS

«266E-02
+360€E-02
«491€-~02
«696E~02
«104E-01
«166E~-01
«288E-01
«S67E-01
«140E+00
«T29E+00

INTEGRAL J

=e397E+01
~+235€E+01
-.185€+01
~«156E+01
~+136E+01
-e120€4+01
~«107E+01
~+951E+00
-+.838E+00
~+702€E+00

FRAC.IN 68

«217E+00
«151E+00
+125€+00
«108E+00
«94TE-01
«832€-01
+728€-01
«625€~01
«513€-01
«346E-01

DEL. TAU

«958E+00
+966E+00
«969E+00
«971F+00
«9T72F+00
«973E+00
«9T4E-00
«975E+00
«9T76E+00
«97TE+00

FRAC.IN GT

+4BOE-~02
«507€-02
«611E-02
«T9TE~02
«112E-01
«172€=-01
«292E~01
«567€E-01
+139€+00
«T22€+00

It
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2.2 Fortran Names for Input and Output Variables

INPUT
Input Indicator NN
Qutput Indicator JJ

Average Velocity
Hydraulic Depth

Energy Gradient SE

Kinematic Viscosity VNU

Median Bed Material Size D50

Gradation Coefficient SDD
OUTPUT

Geometric Mean Size in a DM

fraction in ft.

Geometric Mean Size in a DMM
fraction in mm.

Dimensionless Distance from ETAl

Mean Bed :

Rouse Number H

Parameters of Computation Al, B1l, Cl1, D1

(see reference [3])

Integral I and J X11, XI2
(see reference [3])

Percent finer than specified PFG
size fraction by weight

Bed Material Load in a PPMF
specified size fraction by
parts per million

Cumulative Bed Material PPMFT
Concentration (in ppm) finer
than a specified size fraction



III. COLBY

(Colby's Bed Material Load Method)



14

3.0 Introduction
Program COLBY computes bed-material load by Colby's Method [4].

Data input consists of average velocity (ft. per sec.), hydraulic depth
(ft.), water surface width (ft.), temperature (°F.), median bed material
size (mm.) and fine material concenfratioﬁ (ppm). A remark included as
part of the output indicates whether the computations were carried out
in a normal fashion, or if one or more variables wefe out of the value
range specified in this method. If velocity, depth or bed-material size

are out of range, the program fails to give any results. If temperature

or fine material concentration are out of range, the program extrapolates

and gives a result, albeit of limited value.

3.1 Input-Output Description and Examples

The first card in the input logical record should contain the value
of NDATA, in format I5. NDATA is the number of sets of input data to be
fed to the computer at a time. A set of input data consists of a group
of variables necessary to specify a problem, as detailed below.
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The first card in input is followed by the sets of input data,

to be punched in format 6F10.0. A set of input data consists of the
following variables, relating to a channel cross-section.
VARIABLES FORTRAN NAME UNITS

1) Average Velocity v ft. per sec.

2) Hydraulic Depth D ft.

3) Water Surface Width W Et.

4) Temperature TF F

5) Median Bed Material Size D50 mm.

6) Fine Material Concentration ML PpPm

v D 1Y) TF D50 FML

¥ ¥ ¥ ¥ ¥ ¥
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Outpﬁt consists of the total bed material transport in Tons/day, and

a remark on how the computations were carried out. If REMARK=0K, the
computations were carried out successfully. If REMARK=0OOR, velocity,
depth or bed material size is out of range. If REMARK=TOOR, temperature

is out of range. If REMARK=FOOR, fine material concentration is out of

range.



VARIABLE

Average Velocity

Hydraulic Depth

Temperature

Median Bed Material Size
Fine Material Concentration

A sample output follows.

17

RANGE

1-10 ft. per sec.
1-100 fg.

32-100 'F.
0.1-0.8 mm.
0-200000 ppm.
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COMPUTATION OF TOTAL BED MATERIAL
TRANSPORT BY COLBYS METHOD

SET 1

AVERAGE VELOCITY 9.92
HYDRAULIC DEPTH 4,14
WATER SURFACE WIDTH 234,00
TEMPERATURE 70.00
MEDIAN BED MATFRIAL SIZE «32
FINE MATERIAL CONCENTRATION 10000,00
BED MATERIAL TRANSPORT = 76173.08304
REMARK = 0k

SET 2

AVERAGE VELOCITY 11,00
HYDRAULIC DEPTH 4,14
WATER SURFACE WIDTH 234,00
TEMPERATURE 70,00
MEDTAN BED MATERIAL SI1ZE 32
FINF MATERIAL CONCENTRATION 10000,00

COMPUTATIONS COULD NOT BE CARRIED OUT
DUE TO DATA OUT OF RANGE
REMARK= QOR

SET 3

AVERAGE VFLOCITY 9,92
HYDRAULIC DEPTH 4,14
WATER SURFACE WIDTH 234,00
TEMPERATURE 105,00
MEDIAN BED MATERIAL SIZt 32
FINE MATERIAL CONCENTRATION 10000,00
BED MATERTIAL TRANSPORT = $9231.54605
REMARK = TOOR

SET 4

AVERAGE VELOCITY 9,92
HYDRAULLIC DEPTH 4014
WATER SURFACE WIDTH 234,00
TEMPERATURE 70,00
MEDIAN BED MATERIAL SIZE 32
FINE MATERTAL CONCENTRATION 300000,00
BED MATERIAL TRANSPORT = 810518.,47909

REMARK = FOOR

FT./SEC.
FT.

FT.
DEG.FAHREN,
MM,

PPM,

TONS/DAY

FTo/SECo.
FTe

FTe
DEG.FAHREN,
MM,

PPM,

FT./SEC.
FT,

FT.
NDEG.FAHREN,
MM,

PPM,

TONS /DAY

FT./SEC.
FTe

FT.
DEG.FAHREN,
MM,

PPM,

TONS/DAY
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3.2 Fortran Names for Input and Output Variables

VARTIABLE FORTRAN NAME
Average Velocity v
Hydraulic Depth D
Water Surface Width W
Temperature TF
Median Bed Material Size D50
Fine Material Concentration FML

Bed Material Transport GT



IV. MEYER

(Meyer-Peter and Muller Bed-Load Equation)
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4.0 Introduction

Program MEYER is based on reference [5]. It calculates bed-load

transport in Tons/day by the Meyer-Peter and Muller formula.

The re-

quired Input data are the average velocity, hydraulic radius, water

surface width, energy gradient and D90 for the bed material.

4.1 Input-Output Description and Examples

Input consists of the following:

1) Variables V, R, W, S, D90, ND, to be read in format 5F10.0, Il0,.

9|3|959°9!!93Ia9999ssnnaqssssssnﬂsssssssssssesass'"s s

19902

VARIABLE FORTRAN NAME UNITS
Average Velocity v ft. per sec.
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Arrays FB(ND), DRL(ND), DRU(ND), to be read in format 3F10.0.

VARIABLE FORTRAN NAME UNITS

Fraction of Bed Material

in Size Fraction
Lower Limit of Size
Fraction
Upper Limit of Size
Fraction

DRL(1)
¥

DRU(1)
¥

FB(J)
DRL(J)

DRU(J)
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A sample output follows.

COMPUTATION OF BED LOAD TRANSPORT
BY MEYER=-PETER AND MULLER FORMULA(1948)

AVERAGE VELOCITY 4,11 FT./SEC,
HYDRAULIC RADIUS 9.90 FT,
WATER SURFACE WIDTH 389,00 FT,
ENERGY GRADIENT «0001360 FT./FT,
DIAMETER 90 PERCENT FINER ¢330 MM,

J FB(J) DRL (U} DRU (J)

1 04 « 0620 1250

2 .82 «1250 2500

3 014 «2500 «5000
TOTAL BED LOAD TRANSPORT= 733,682 TONS/DAY

4.2 TYortran Names for Input and Output Variables

VARIABLE FORTRAN NAME
Average Velocity \
Hydraulic Radius R
Water Surface Width W
Energy Gradient S
Diameter for 90% Finer D90
No of Fractions in Bed Material ND
Fraction of Bed Material in Size Fraction FB(J)
Lower Limit of Size Fraction, in mm. DRL(J)
Upper Limit of Size Fraction, in mm. DRU(J)

Bed~Load Transport GS



V. MODEINS

(Modified Einstein Procedure)
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5.0 Introduction

Program MODEINS computes the total sediment load and its size
distribution in sandbed channels. The procedure used is the Modified
Einstein Procedure (MEP) developed by the U.S. Geological Survey [6] and
the U.S. Bureau of Reclamation [7,8]. Essentially, the MEP is based on
the direct measurement of hydraulic quantities, bed-material size and
the suspended load (except within a small distance near the bed) in an
alluvial channel. The procedure extrapolates the sediment discharge in
the unmeasured zone, thus calculating the total sediment load. The MEP
has the same phenomenological structure as Einstein's bed-load function
[1] with some modifications in the empirical components.

The sediment load computation by the MEP is more accurate than by
other computational methods, mainly because the MEP is based on the
direct measurement of the hydraulic and sediment transport quantities.
This is especially true in sandbed channels where a large proportion of
the total sediment load is transported in the sampled zone and is
actually measured. The MEP is only applicable where the basic hydraulic
and sedimentation parameters have been measure in the field.

Program MODEINS basically follows the computational procedure out-
lined in reference [7]. Major deviations consist of the following:

1) the integral functions are evaluated by numerical integration using
Simpson's rule with a variable discretization interval, and 2) the
extrapolation of the Rouse number for fractions other than the reference

size is based on reference [8].
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5.1 Input and Output Description and Examples

MODEINS can be set up to read and analyze as many runs as needed.
Also with each series of runs aﬁalyzed at one time, the program provides
an option to use either the 1:2 ratio sieve sizes of reference [7] or
any other series specified by the user. The output can be limited to
the sedimentation quantities related to total load, or extended to print
additional hydraulic parameters and intermediate computational values.
The details of input and output controls are given in the following.

The first card in the input logical record should contain the value
of NDATA, in format I5. NDATA is the number of sets of input data to be
analyzed at one time. A set of input data consists of a group of vari-
ables relating to one observation as detailed below. Note that an
observation may relate to the sediment load computation in the whole of
the cross-section or the load in a segment or on a vertical as the case
may be.

The first card is to be followed by individual sets of input data,
each one consisting of the following, in the order shown.

1) GENERAL DATA: 13 variables to be punched in format 8F10.0.

VARTABLES FORTRAN NAME UNITS

Water Discharge DISCH cubic ft. per sec.
Average Velocity UAVE ft. per sec.
Hydraulic Depth DEPTH ft.
Water Surface Width W ft.
Area of Cross-Section AREA sq. ft.
Temperature TEMP OF.
Kinematic Viscosity XNU sq. ft. per sec.
65 Percent Finer Diameter

for Bed Material D65 ft.
35 Percent Finer Diameter

for Bed Material D35 ft.
Average Concentration CONC PpPm.
Sampled Suspended Load QsSM Tons per day
Portion of Depth Not Sampled DN ft.

Average Depth of Sampling DS ft.
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Integer selectors JIN and JOUT, to be punched in format 2I1.

JIN selects the number and range in the computational size
fractions. ND is the number of size fractions. If JIN=1, the size
fractions used in reference [7] will be used. The first two size
fractions will be used and the third deleted, resulting in ND=10.
If JIN=2, the size fractions used in reference [7] will be used.

In this case the first two size fractions will be deleted and the
third one used insted, resulting in ND=9. If JIN=3, the user has
the option of specifying the number and range of computational size
fractions, up to 9 fractions. If this option is chosen, ND should
be read in the card immediately following, in format Il.

JOUT selects the type of output desired. If JOUT=1, Sutput
will consist of the general data, check on convergence of Z Prime,
and the final results in 20 columns, as follows.

1) Geometric mean diameter, in ft.

2) PSI

3) PHI Shear

4) Percentage of Bed Material in Size Fraction
5) Bed Load Transport, in Tons/day

6) Percentage of Suspended Load in Size Fraction
7) Sampled Transport in Size Fraction

8) Multipliers

9) A Prime Values
10) A Double Prime Values

11) Geometric Mean Diameter, in ft.

12) J-One Prime
13) J-Two Prime

14) J-One Double Prime

15) J-Two Double Prime
16) Product of J's
17) 1I-One Double Prime

18) I-Two Double Prime

19) Product of I's
20) Computed Load, in Tons/day

If JOUT=2 is selected, most of the 20 columns will be omitted in

the printout, and instead only columns 1, 4, 5, 6 and 20 will be



3)

of data cards.

in these runs for illustration.
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printed. Additionally, DRL(J) and DRU(J), lower and upper limits
of the size fraction range, in mm., will be printed to the left of
the five columns previously mentioned.

Data Arrays:

If JIN=1, the fractions of bed material in various size ranges
FB(10), and fractions of suspended load in various size ranges FS(10)
should be punched in format 2F10.0. If JIN=2, FB(9) and FS(9)
should be punched in format 2F10.0. If JIN=3, the range of compu-
tational size fractions should be specified in addition to the
percentages FB and FS. If this option is chosen, DRL(ND), DRU(ND),
FB(ND) and FS(Nﬁ) should be punched in format 4F10.0. DRL(J) and
DRU(J) are lower and upper limits of the size fraction range in mm,,
respectively. Note that size fractions should be punched in the

order of increasing si:ze.

A sequence of two runs is illustrated in the following arrangement
Different integer selection JIN and JOUT have been used

The corresponding output follows the

data card sequence.
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COMPUTATION OF TOTAL SEDIMENT LOAD BY THE MODIFIED EINSTEIN PROCEDURE

DATA INPUT
SET 1
WATER DISCHARGE 230.00 C.F.S.
AVERAGE VELOCITY 2,08 FT./SEC.
HYDRAULIC DEPTH «98 FT,

- WATER SURFACE WIDTH 113.00 FT,

. AREA 111,00 SQ.FT,
TEMPERATURE ' v« 64,00 DEG.FAHREN,
KINEMATIC VISCOSITY «0000114 SQ.FT,/SEC,
D65 ,001050 FT,

D35 .000750 FT,
AVERAGE CONCENTRATION - 262.00 PPM,

. SAMPLED SUSPENDED LOAD 163,0000 TONS/DAY

" PORTION OF DEPTH NOT SAMPLED .30 FT,
AVERAGE DEPTH AT SAMPLING 1.22 FT,

CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY PRINTING OUT VALUES INVOLVED

ITER, ZTRY RQSP CRQSP DCRQ
1 «80537 6,79554 4,98206 ~1.81348
2 «75273 6.79554 7.08930 «29376
3 «75911 6,79554 6,79193 -.00362

CONVERGENCE OF SUAROUTINE ZPCOM IS CHECKED BY PRINTING OUT VALUES INVOLVED
ITER, ZTRY RQSP CRQSP DCRQ

1 1.19938 «43475 043236 -+ 00240

CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY PRINTING OUT VALUES INVOLVED

ITER, ZTRY RQSP CRQSP DCRQ
1 1.,26422 27654 35921 «08267
2 1.31128 «27654 .28384 «00730
3 1.31656 « 27654 «27645 ~.00009

ARRAYS ZP AND VS BEFORE LEAST SQUARE FIT

J P (J) VS

3 «759113 « 067624
4 1.199380 «152040
S 1.,316557 258550

ARRAYS ZP AND VS AFTFR LEAST SQUARE FIT

LE



[

VBN PEWN =

(XN

[

«000037
000290
.000580
«001160
«002320
+004640
009280
.018559
.037118

VDN N P WN—

[

D(J)

.000037
«000290
.000580
001160
«002320
+004640
«.009280
018559
.037118

OBDNOANP WN =

TOTAL BED LOAD

TOTAL SUSPENDED BED MATERIAL LOAD

P (J)

+084272
« 476377
. 784160
1.104958
1.,3R3415
1,647641
1.927071
2,239438
2.596524

PSI(J)

5,489
$.489
5.489
S.489
6,791
13.582
27.163
54.327
108,654

coLle(w

«721

637
0,000
0.000
0.000
0,000
0,000
0,000
0,000

TOTAL BED MATERIAL LOAD

VS (J)

«000348
020833
067624
«152040
258550
«390728
+«565719
«806727
1.144246

PHISH (J)

«51128
.51128
«51128
«51128
28418
«02402
«00010
«00000
200000

coLl7y)

~e415
~.460
0.000
0,000
0,000
0,000
N.000
0,000
0.000

FR(J)

0,000
0,000
«380
+«500
050
«010
<010
0,000
0,000

coLlacy

1,001
1,443
0.000
0,000
0,000
0,000
0,000
0,000
0,000

XI18QB(J)

0,000
0,000
7,948
29.580
4,650
222
003
0.000
0,000

coLlotyy

=1,161
-3.082
0.000
0,000
0,000
0,000
0,000
0,000
0,000

42.4035 TONS/DAY
445,77649 TONS/DAY
488,.1784 TONS/DAY

FS(J)

«220
«250
420
.100
010
0,000
0,000
0,000

.0,000

coLz2n )

1.307
1,944
0,000
0.000
0,000
0,000
0.000
0,000
0.000

QsP(J)

28,292
32,150
54,012
12.860
1.2R6
0,000
0,000
0.000
0,000

coL21 ()

0,000
0,000
2,633
«832
o434
«2R2
«202
0.000
0,000

XMULT (J)

0.000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0.000

coLz22(J)

0,000
0,000
-B.027
~3.066
~1.,637
-1.002
~.636
0,000
0,000

7P (J)

«0B4
<476
<784
1,105
1,383
1.648
1.927
2,239
2,597

coL23(y)

0,000
0,000
21,089
6,823
3.995
3.009
2.519
0,000
0,000

APP ()

+000075
.000592
.001184
.002367
004734
.009469
.018938
.037876
.075752

COMP .1 0AD

36,9895
67,4968
167.6220
201.8157
18,5788
6691
+«0065
0.0000
0.0000

8¢



COMPUTATION OF TOTAL SEDIMENT LOAD BY THE MODIFIED EINSTEIN PROCEDURE

DATA INPUT

SET 2

WATER DISCHARGE

AVERAGE VELOCITY
HYDRAULIC DEPTH

WATER SURFACE WIDTH

AREA

TEMPERATURE

KINEMATIC VISCOSITY

D65

D3S

AVERAGE CONCENTRATION
SAMPLED SUSPENDED LOAD
PORTION OF DEPTH NOT SAMPLED
AVERAGE DEPTH AT SAMPLING

DRL (J) DRU (J)
002000 «062500
062500 «125000
125000 250000
«250000 «500000

TOTAL RED LOAD
TOTAL SUSPENDED BED MATERIAL LOAD
TOTAL BED MATERIAL LOAD

16300,00 C.F,S,
4,11 FT,/SEC.
10,20 FT.
389,00 FT,
3966,00 SQ.FT,
62.00 DEG.FAHREN,
«0000109 SQ.FT./SEC,
«000673 FT,
«000557 FT,
1160,00 PPM,
51051.,6000 TONS/DAY

«S0 FT,
9,70 FT,

D(J) FB(J) XIBQB (J)
000037 0,000000 0,000000
«000290 040000 7.651876
« 000580 .820000 443,676883
«001160 «140000 214,252539

665,5813 TONS/DAY
60602,5843 TONS/DAY
61268,1656 TONS/DAY

FS(J)

«800000
100000
«100000
0,000000

FaL (y)

40696,436
8809,269
11014,.426
748,035

6¢€
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5.2 Fortran Names for Input and Output Variables
INPUT

Water Discharge

Average Velocity

Hydraulic Depth

Water Surface Width

Area

Temperature

Kinematic Viscosity

65 Percent Finer Diameter for Bed-Material
35 Percent Finer Diameter for Bed-Material
Average Concentration

Sampled Suspended Load

Portion of Depth Not Sampled

Average Depth of Sampling

OUTPUT

Geometric Mean Diameter, in ft.

PSIT

PHI Shear

Percentage of Bed-Material in Size Fraction
Bed-Load Transport, in Tons/day
Percentage of Suspended Load in Size Fraction
Sampled Transport in Size Fraction
Multipliers

Z Prime Values

A Double Prime Values

Geometric Mean Diameter, in ft.
J-One Prime

J-Two Prime

J=-One Double Prime

J=-Two Double Prime

Product of J's

I-One Double Prime

I-Two Double Prime

Product of I's

Computed Load, in Tons/day

Trial Z

Real Qg'

Computed Qg'

Difference of Real and Computed Qg'
Settling Velocity

Total Bed Load

Total Suspended Bed Material Load
Total Bed Material Load

DISCH
UAVE
DEPTH

AREA
TEMP
XNU
D65
D35
CONC
QSM
DN
DS

D(J)
PSI(J)
PHISH(J)
FB(J)
XIBQB(J)
FS(J)
QSP(J)
XMULT(J)
ZP(J)
APP(J)
D(J)
COL16(J)
COL17(J)
COL18(J)
COL19(J)
COL20(J)
COL21(J)
COL22(J)
COL23(J)
FQL(J)
ZTRY
RQSP
CRQSP
DCRQ

VS (J)
TBL

TSL

TQL
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PROGRAM EINSTIN (I

DEVELOPED
PURPOSE

REFERENCE

CORE USAGE
COMPILATION TIME
CENTRAL PROCESSOR
TIME FOR ONE

SET OF DATA

INPUT AND OUTPUT D

THE FIRST CARD IN

44

NPUTsOUTPUT)

COLORADO STATE UNIVERSITY ENGINEERING RESEARCH
CENTERe FORT COLLINSs COLORADO 80523,
COMPUTATION OF BED MATERIAL LOAD BY EINSTEINS
METHOD,

EINSTEINs Ho.Aes THE BED-LOAD FUNCTION FOR
SEDIMENT TRANSPORTATION IN OPEN CHANNEL FLOW,
TECHNICAL BULLETIN 1026, SEPTEMRER 1950
UNITED STATES DEPARTMENT OF AGRICULTURE

CDC 6400 SCOPE 3,3 SYSTEM DEFAULT VALUE,
43000 OCTAL.

APPROXIMATELY 6 SEC,

LESS THAN 1.0 SEC,

ESCRIPTION

THE INPUT LOGICAL RECORD SHOULD CONTAIN THE

EIN
EIN
FIN
FIN
EIN
EIN
FIN
FIN
FIN
EIN
FIN
EIN
FIN
EIN
EIN
FIN
EIN
FIN
EIN
FIN
EIN
FIN

VALUE OF NDATAs IN FORMAT IS, NDATA IS THE NUMBER OF SETS OF INPUTEIN

DATA TO BE FED TO
CONSISTS OF A GROU
AS DETAILED BELOW.

THE FIRST CARD IN
TO BE PUNCHED IN F
A SET OF INPUT DAT

1) WATER DISCHARGE
2) AVERAGE VELOCIT
3) HYDRAULIC DEPTH
4) WATER SURFACE W
5) ENERGY GRADIENT
6) KINEMATIC VISCO
7)Y MEDIAN BED MATE
A) GRADATION COEFF

OUTPUT CONSISTS OF
1) FRACTION NUMBER
2) GEOMETRIC MEAN

3) BED LOADs IN TO

THE COMPUTER AT A TIME. A SET OF INPUT DATA
P OF VARIABLES NECESSARY TO SPECIFY A PROBLEM.

INPUT IS FOLLOWED BY THE SETS OF INPUT DATA,
ORMAT 8F10,0
A CONSISTS OF THE FOLLOWING VARTABLES.

FORTRAN NAME UNITS
DISCH CeFeSe
Y VELAV FTe/SEC,
DEPTH FT.
IDTH L] FT,
SS FTe/FToe
SITY RMU SQ.FT,./SEC,
RIAL SIZE DSOM MM,
ICIENT SIGMA NO UNITS

FIVE COLUMNSs AS FOLLOWS

SIZEs IN MM,
NS/DAY

4) SUSPENDED BED MATERIAL LNADs IN TONS/DAY

5) TOTAL BED MATER

DIMENSION X(10)s D

IAL LOADs IN TONS/DAY

(10)e TSD(10)s BD(10)s SD(10)

EIN
FIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
FIN
EIN
EIN
EIN
EIN
FIN
EIN
EIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN

COMMON /CEF/ CJ0(2)9CJ1(2)9CJ2(2)9CU3(2)9CU(2)sC1(2)9C2(2)sC3(2)+CEIN

14(2) oM
READ 115+ NDATA
DO 109 L=1sNDATA
- PRINT 116
. PRINT 117
READ 110y DISCH
~PRINT 111s DISC
C=1./73064,.8

sVELAVIDEPTHsWsSS9sRMUSDSOMe SIGMA
HoVELAV sDEPTHIWeSSsRMUIDSOMySIGMA

EIN
EIN
EIN
EIN
EIN
FIN
EIN
EIN

280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590



C

45

6=32,2
M=0
DISCH=DISCH/W

C ### ASSUMPTION OF LOG-NORMAL SIZE DISTRIBUTION OF BED MATERIALS

C

c

101

DF95=D50M=C#* (SIGMA) ##] ,645
DF90=D50M=C® (SIGMA) ##] ,285
DFB0=DS0OM#C#» (SIGMA) ##( ,845
DF70=D50M%C# (SIGMA) ##0,525
DF60=DS50M=Co(SIGMA) #4(0,255
DFS0=DS0M=C
DF40=DS0M#C/ (SIGMA) ##0,255
DF30=D50M»C/ (SIGMA) #20,525
DF20=D50M*#C/ (SIGMA) #%0,845
DF10=DS0OM®C/ (SIGMA) ##] 285
DFS=DSO0M#C/ (SIGMA) ##] 645
D(1)=SQRT(DF5*DF10)
D(2)=SQRT (DF10#DF20)
D(3)=SQRT (DF20#DF30)
D{(4)=SQRT (DF30%DF40)
D(5)=SQRT (DF&40«DF50)
D(6)=SQRT(DFS0*DF60)
D(7)=SQRT (DF60#DF70)
D(8)=SQRT(DF70#DF80)
D(9)=SQRT(DFBO0#DF90)
D(10)=SQRT (DF90#DF95)
D65=DS0M#C#SIGMA®#0,385
D3S5=D5S0M#C/SIGMA®®0,385

DO 101 I=1,10
X(1)=D(I)*306,.8

RT=DEPTH
RBP=(VELAV®*D65¢%0,1667/(7,66%SQRT (G#SS)))#=],5
RBPP=RT=-RBP

SVP=SQRT (G#RBP#SS)
DELTA=11,6*RMU/SVP
X4=D65/DELTA

CALL FIG4 (X4sY4)

C #e# COMPUTATION OF SEDIMENT DISCHARGE

c

102
103

DELT=D65/Y4
RATIO=DELT/DELTA
IF (RATIO.LT.1.80) GO TO 102
CAPX=0,77=DELT
GO TO 103
CAPX=1,39%DELTA
X8=D65/DELTA
CaLL FIGB (X8+Y8)
BETAX=ALOGl0(10.6%CAPX/DELT)
PP=2.304%AL0G10(30,2°Y42RT/D65)
DO 105 1I=1+10
X7=D{I)/CaPX
CALL FIGT (XTsY7)
PSIS=YT7eY8#(]1,025/BETAX) ##2%(],68#D(1)/(RBP#SS))
X10=PSIS
CALL FIGl0 (X10,Y10)
BND(I)=Y10#1215.,00#(D(1)#®],5)20,1
A=2,0%D(1)/RT

FIN
EIN
EIN
EIN
EIN
EIN
EIN
FIN:
EIN
EIN
EIN
EIN
EIN
EIN
EIN
FEIN
EIN
FIN
EIN
EIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
FIN
EIN

600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
10S0
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
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5§TV31(36.06t*{ (1)#83)+36,#RMUS#2) #80 ,5-6,#RMU) /D (1) EIN
Z3SETV/(0,4%SVP EIN
/Wt EstT.545) 10 10&\ EIN
TSD(I)=BD (1) A, EIN

105 FIN

104 XMzA . - EIN
POLYNML (XM}ZoXTUs K12y xJ10X92)"7 EIN
TSD(1)=BD(1)# (PPEXT1eXT2+1,0 EIN

\IF (TSD(I) 4k T.BO(I)) TSD(I)=AD(I) ' EIN

105  CONTINUE ), EIN
SDT=0, EIN

SDB=0. EIN

SDS=0. EIN

DO 106 I=1,10 EIN
SDT=SDT+TSD (1) EIN

SDB=SDB+RD (1) EIN
SD(1)=TSD(I)=BD (1) EIN

SDS=SPS+SD (1) EIN

106 CONTINUE FIN
DO 107 I=1+10 EIN
SD(1)3SD(T)#43,2% EIN
BD(I)=BD(I)%43,2%W EIN
TSD(I)=TSD(1)%43,2%w EIN

107 CONTINUE EIN
SDS=SDS#43,2%W EIN
SDR=SDB*43,2%W EIN
SDT=SDT#43,2%W FIN

“PRINT 112 EIN

PO 108 I=1410 FIN

108 ~PRINT 1134+ I+X(I)9BD(I)sSD(I)sTSD(I) EIN
~BRINT 114» SDHsSDSs+SOT EIN

—109 CONTINUE EIN
CALL EXIT FIN

c EIN
- 110 FORMAT (8F10,0) : EIN
111 FORMAT (5Xs 34HWATER DISCHARGE +F12.2s 12H C.F.SEIN
L« »/5Xs 34HAVERAGE VELOCITY oF12.2s 12H FT./SFIN

2EC.  9/5Xs 34HHYDRAULIC DEPTH oF12.2+ 12H FT, FEIN

3 »/5Xs 34HWATER SURFACE WIDTH +F12.2s 12H FT, EIN

. +/5Xs 34HENERGY GRADIENT oF12,7+ 12H FT./FEIN

5T, »/5Xs 34HKINEMATIC VISCOSITY oF12.7 12H SQ.FTEIN
6./SEC.9/5Xs 34HMEDIAN BED MATERIAL SIZE sF12.2+ 13H MM, FEIN

S +/5Xs 34HGRADATION COEFFICIENT sF12.24/7) EIN
112 FORMAT (1XsBHFRACTIONsSXs13HGEO MEAN SIZE»8X+BHBED LOAD»7Xs16HSUS EIN
1BED MAT LOAD»SXs12HBED MAT LOAD/4X»3MNOe911XsaH (MM) +12X910H (TONS/DEIN

2AY) 99X 9 10H(TONS/DAY) 99X s 10H(TONS/DAY) /) EIN

113 FORMAT (2X9I13+4F19,5) EIN
114 FORMAT (///+5Xs 34HTOTAL BED LOAD oFl6,4s 10H EIN
1TONS/DAY 9 /5Xs 34HTOTAL SUSPENDED BED MATERIAL LOAD +F16.4s 10H TOEIN
2NS/DAY»/SXs 3I4HTOTAL BED MATERIAL LOAD oF16.49 10H TONSEIN
3/DAY) EIN

115 FORMAT (I5) EIN
«¥16 FORMAT (1H1) EIN
“A17 FORMAT (10Xs 33HCOMPUTATION OF TOTAL BED MATERIAL»/+10Xs» 38HLOAD BEIN
» 1Y THE EINSTEIN BED-LOAD FUNCTIONs///) EIN

c EIN

END EIN



C tew

101
102
103
104
105
106
107
108
109

110

112
113
114
115

116
117

SUBROUTINE F164 (XeY)
THIS SUBROUTINE APPROXIMATES

IF (X.LE«0,40) GO TO 101

GO TO 102
¥Y=1,769#AL0G10(X/0,080)

GO0 TO 117

IF (XoGTe0640.ANDe X LE40,56)
GO TO 104
¥Y=1.,4952AL0G10(X/0,059)

60 T0 117

IF (Xe6T20e56eAND X LE.0.76)
GO TO 106
Y=0,92%AL0G10(X/0,0145)

GO TO 117

IF (XeGTe0e760ANDoXoLE.0.90)
GO TO 108
¥Y=0,292%AL0G10(X/2,9E-06)

G0 TO 117

IF (Xe6Te0e96sANDoXoLEG1435)
GO TO 110
¥Y=0,277#AL0G10(632000,0/X)
GO0 TO 117

IF (Xe6Tele35.ANDXoLEL3.00)
GO TO 112
¥Y=1,115%AL0G10(34,4/X)

60 7O 117

IF (XeGTe3,00sANDXsLE.4,00)
G0 TO 114
Y=0,725%AL0G10(128,0/X)

G0 T0 117

IF (XCGT.‘.oo'AND.x.LE.6.7°,
G0 TO 116
Y=0,399#AL0G10(2160,0/X)

GO TO 117

IF (XeGTe6,70) Y=1,0

RETURN

END

EINSTEINS FIG 4 SERIES OF EQNS,

GO

GO

GO

GO

(c]o]

GO

GO

47

T0

T0

T0

T0

T0

T0

T0

103

105

107

109

111

113

115

FIN
EIN
ETN
EIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
FIN
EIN
EIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
FIN
EIN
FIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN

1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150



C a#as

101
102
103
104
105
106
107

108
109
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SUBROUTINE FIGS (X»sY)

THIS SUBROUTINE APPROXIMATES EINSTEINS FIG S BY A SERIES OF EONS,

IF (X.LEe.l.0) GO TO 101

GO 70 102

Y=40.04x8%%(=]1,288)

GO0 TO 109

IF (XoeGTols0oANDeXoLEL2.,0) GO TO 103
GO TO 104

Y=60,0#X%#%(=0,982)

GO 70 109

IF (XeGTe2.00AND X LE.4.0) GO TO 105
GO TO 106

Y=3l,14X#%(=0,618)

GO TO 109

IF (XeGTe4s0sANDXoLE.B,0) GO TO 107
GO T0 108

Y=26,08X4#8 (=0,486)

GO TO 109

IF (XQGTQBQO) Y=21.4'X"(-0.394)
RETURN

END

EIN
EIN
EIN
FIN
FIN
EIN
FIN
EIN
FIN
EIN
EIN
EIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
FIN
EIN
FIN

2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390



C #es

SUBROUTINE FIGT7 (XsY)

THIS SURRQUTINE APPROXIMATES EINSTEINS FIG 7 BY A SERIES OF EQNS,

IF
1F
IF
IF
IF
IF
1F

49

(XeLEe0.20) Y=2(X/1,090)%#({=2,088)

(XeGT o020, ANDXoLEL0,40)
(XeGTe0e40,ANDeXoLES0.65)
(XeBTe0e65,ANDe X LE«0,80)
(XeGTo080,ANDXoLE.1,00)
(x-GToloOODANDoxoLE-l.55)
(XeGTeles5) Y=1,0

RETURN

END

Y2(X/0,877)%%(=2,402)
Y=(X/0,832) %% (~-2,582)
Y=(X/0,990)%#(~1,515)
Y=(X/1,185)%#(~0,826)
Y=(X/1,450)%8(=0,375)

EIN
EIN
EIN
EIN
EIN
FEIN
FIN
EIN
EIN
EIN
EIN
EIN
FIN
EIN

2400
2410
26420
2430
2440
2650
26460
2470
2480
2490
2500
2510
2520
2530
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SUBROUTINE FIGB (XeY)

THIS SUBROUTINE ESTIMATES EINSTEINS FIG 8 BY A SERIES OF EQNS,

50

IF (XeLTo0.66) Y=(X/1,005)¢%),178

IF (X46Te0s66cANDXoLEcD+84)
IF (XeGTe0eB84sAND XoLEelel0)
IF (XeGToelol0eAND XoLEole30)
IF (Xe6Tele30.ANDoXsLEe2,20)
IF (XeGTe2020sANDoXosLEe3,10)
IF (X¢GTe3.10) Y=0,.530
RETURN

END

Y2(X/1.104) %% (0,957}
Y=(X/]1.,940)%#(0,310)
YE(X/0,475)%#(=-0,208)
Y2 (X/0,930)#8(-0,633)
Y2(X/0,278)8%(=0,266)

EIN
EIN
FIN
EIN
EIN
EIN
FIN
EIN
FIN
EIN
EIN
FIN
EIN
FIN

2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
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SUBROU

51

TINE FIGLO0 (XsY)

FIN
FIN

THIS SUBROUTINE APPROXIMATES FINSTEINS FIG 10 BY A SERIES OF EQNS.EIN

IF (X,
IF (X,
IF (X,
IF (X,
IF (X,
IF (X,
IF (X,
IF (X,
RETURN

END

LEe0.T77) Y=(T7,56/X)##],01
GTe0eTToANDoXoLEc2612) Y={5,35/X)%#%],19
GTse2e120AND o XoLEc#010) Y=(4,10/X)0#],67
GTeboel0,ANDo X LE.6o10) Y=(4,10/X) 22,30
GTe6o10,ANDeXeLEsllo0) Y=(4,60/X)®#3,23
GTollo0oANDXGLEL16,T) YE(S5,66/X)%%4,26
GTel6e7cANDeXoLE22.5) Y=(9,28/X)%#7,8]
GTo2245) Y=(13,10/X)##]12,66

EIN
EIN
EIN
EIN
EIN
FIN
EIN
FIN
EIN
FIN
EIN
EIN

2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2600
2810
2820
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#a8 COMPUTATION OF THE POLYNOMIALS WHICH APPROXIMATE THE INTEGERS Il

101

102

103

52

SUBROUTINE POLYNML (AsZ9sXT1leXI29XJleXU2)

ETN

COMMON /CEF/ CJO0(2)+CJL1(2)9CU2(2)9CUI(2)9CU(2)+C1(2)9C2(2)9C3(2)+CEIN

14(2) oM

12, J1 AND J2

15=0

X1=0,

X2=0,

IF (A,GEe0,0050,0ReZ.6GE.0.,8) GO TO 101
Al=A

A=0,0050

1s=1

CONTINUE

IF (M,EQ.0) CALL COEF (A)

DO 102 I=1,2
CI(II=10.22(CL(1)eC2(1)*ZeC3(])RZnZeCA(])RZ023)
FACT=0,216%A%8(2=],)/(l.=A)#87
IF (IS.NE,1) GO TO 103

CALL SIMPSON (Al4¢0,0050+Z+X14X2)
A=Al

CONTINUE

XJ1=X1eCJ(]1)

XJ2=Xx2=-CJ (2}

XI1=FACT®#XUl

XI2=FACT#*xJ2

RETURN

END

EIN
EIN
EIN
FIN
EIN
EIN
FIN
FIN
EIN
EIN
EIN
EIN
EIN
FIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN

2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
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SUBROUTINE COEF (A)

FIN

COMMON /CEF/ CJUO(2)+CUL(2)9CU2(2)9CU3(2)9CJU(2)9C1(2)9C2(2)+C3(2)+CFIN

14(2) M

#as COMPUTATION OF THE COEFFICIENTS OF THE POLYNOMIALS WHICH
APPROXIMATE THE INTEGERS Il1+129J14AND J2

AP=ALOG (A)

CLl=1,~A

CL2=A=1,-A®AP

CJO(1)=ALOGIO0(CLY)

CJ1(1)=ALOG10(~CL1=-AP)
CJ2(1)=ALOG10(]1,/7A¢2.,2AP=A)
CJ3(1)=AL0G10(1,5+A=3,/7A+0,5/(A®A)=3,%AP)
CJ0(2)=AL0G10(=CL2)
CJ1(2)=ALOGL1O0(=(=CL2~AP®®2/2,))
CJ2(2)=2AL0G10(=(=2.¢(1o*AP) /A*A® (] ,=AP) +APE#2))

FIN
EIN
EIN
FIN
EIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN

CU3(2)=AL0GLO0(=(3,T5¢(AP+0,5)/ (2.,%A®A)=3,/A% (], +AP)*A® (AP=1,)=1,5*FIN

1AP#22))

DO 101 I=1+2
Cl(Iy=Cuo(l)
C2(1)==1,833332CU0(1)+3.,%CUL(1)=1,52CJU2(1)+0,3333*CU3(1)
CI(IN=(2.,2CU0(T) =5,%CUL(])+4,2CY2(])=CUI(])) /2,
Ca(1)=(~CJO(I)*3,2CJIL1(1)=3,%CU2(1)+CUI(])) /6,

101 CONTINUE
RETURN

END

EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN

3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
33a0
3390
3400



C #ae

101

102

103

104

94

v v

SUBROUTINE SIMPSON (XMsXCyZoeXJ1sXJ2)

THIS SURROUTINE EVALUATES Jl AND J2 BY SIMPSONS RULE

DIMENSION YI1(S51)s Y12(51)

SUMI=0,

SUMY=0,

X8=%50,0

lll‘oo

xX12=0,

XM1=0,1

INDI=0

IF (XM1,GT.XC) XMlsXxC/10,

IF (XMl ,LE.XM) INDI=1

IF (INDI.EQ.1) XM1l=XM

DX1=(XM]l=XC)/XR

NXB=XB+lal

DO 102 I=1.NXB
XI=]
X=XCe (XI=1,)*DX1
YIL(I)=((le=X)/X)O0Z
YI2(1)=YI1(I)®ALOG(X)

CONTINUE

NXBl=NXR=2

DO 103 I=1+NXBls2
SUMI=SUMI*(YI1(1)e6,2YT1(Iel)eYI1l(I+2))
SUMJESUMJ+ (YT2(]) ¢6,2YI2(1el)eY]2(I42))

CONT INUE

XIl=XI1leSUMI®DX1/3,

XI2=X12+SUMJ*DX1/3,

IF (INDI.EQ.1) GO TO 104

XC=XM1

XM1=XM1710,

SUMI=0,0

SUMU=0,0

60 TO 101

CONTINUE

XJl==xI1

;g;;;rz W(é)/“@) )d/ XI %

o~ - HMATCZ El: 4
rTo S

EIN
EIN
EIN
EIN
EIN
EIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
FIN
EIN
EIN
FIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
FIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN

3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
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PROGRAM STRANS (INPUT,0UTPUTTAPES=INPUT:TAPE6=0UTPUT) STR
STR

STR

DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH STR
CENTERy FORT COLLINSy COLORADO 80523 STR

PURPOSE COMPUTATION OF BED MATERIAL DISCHARGE 8Y STR
MAHMOODS TRANPORT FUNCTION STR

REFERENCE MAHMOODs Koo FLOW IN SAND~RED CHANNELSH STR

CUSUSWASH WATER MANAGEMENT TECHNICAL PUBLICATIONSTR
REPORT NO, 11y 1971, COLORADO STATE UNIVERSITY STR

FORT COLLINS+ COLORADO STR

CORE USAGE CDC 6400 SCOPE 3,3 SYSTEM DEFAULT VALUE, STR
43000 OCTAL. STR

COMPILATION TIME APPROXIMATELY S SEC, STR
CENTRAL PROCESSOR STR
TIME FOR ONE RUN LESS THAN 1 SEC. STR
STR

THIS PROGRAM WILL COMPUTE SEDIMENT TRANSPORT BY INDIVIDUAL STR
FRACTIONS, IT CAN AL SO CALCULATE THE SUSPENDED SEDIMENT CONCENTRA=STR
TION FOR THE INDIVIDUAL FRACTIONS, STR
STR

INPUT AND OUTPUT DESCRIPTION STR
INPUT CONSISTS OF THE FOLLOWINGe IN THE ORDER SHOWN STR
1) INTEGERS NN AND JJs TO BE READ IN FORMAT 2110 STR
NN IS AN INPUT INDICATOR STR

IF NN=2y THE NUMBER OF SIZE FRACTIONS IS 1 STR

IF NN=6y THE NUMBER OF SIZE FRACTIONS IS S STR

IF NN=11s THE NUMBER OF SIZE FRACTIONS IS 10 STR

JJ IS AN OUTPUT INDICATOR STR

IF JJ=1s INTERMENIATE RESULTS ARE PRINTED OUT STR

IF JJ=2+ INTERMENDIATE RESULTS ARE OMITTED FROM THE OUTPUT STR

2) INPUT VARIABLES VsD+SEsVNUDS0+,SDDe TO BE READ IN FORMAT 6F10,0STR
THF TRANSPORT COMPUTATIONS ARE FOR A UNIT wIDTH STR
FOP NON-RECTANGULAR SECTIONSs USE HYDRAULIC DEPTH STR

v IS AVERAGE VELOCITY IN FT,./SEC, STR

D IS HYDRAULIC DEPTH IN FT, STR

SE 1S ENERGY GRADIENT IN FT./FT, STR
VNU IS KINEMATIC VISCOSITY IN SQ.FT./SEC, STR
DS0 1S MEDIAN BEN MATERIAL SIZE IN MM, STR
SDD IS GRADATION COEFFICIENT STR
STR

STR

DIMENSION XX(3e11)9 XX1(3911l)s YY1(3s11)s NPP(3) STR
COMMON /SDDATA/ X(11)eX1(11)9eY1(11)9sPGeGXeNP STR
COMMON /BDATA/ TI14JJeNNeDsVeSEsVNUIDSO+SDDsGTsPPMeSVeAE+QPBIQPTSCRSTR
1EF STR
COMMON /ZDATA/ Z(25)+2ZX1(25)9ZX2(25)eZTeXIleX]2 STR
COMMON /SNDATA/ FX(45)sVX(45) STR

NATA (FX(I)9I=1445)/49,99949,98449,97149:96+49,95+49,90+49,85:49,857TR
10969,70949,60049,51049,40049,29049,20049,01448,81448,61048,30947,95TR
28947 .50046,99966,41945,73964,95944,060943,0604]1,92+40,66939,25:37,7STR
30035.540¢34,13931,59028¢81¢25,80422:57919:15415,54911,7947.93+3,98.STR
43,1901.9904,404.,00/ STR

DATA (VX(I)eI=1945)/3,62¢3.4793,3993:.3293.27+3,08+2:,96¢2.88+92.75+2STR
1.6592.58020519266592:6192¢3392:26920209261292,05+1.9641.88+1,B0+1,STR
272'1n6601056’1.68'1.‘0'1.32'1;2"1'16'1006’10000090'08090700.600 .SSTR
300.409630¢,209.109008000594010.007/ STR

STR

FXeVX ARE STND. NORMAL DISTN FXsX, STR

450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
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101

102

103
104
108

106
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STR
NPP (1) =R STR
NPP(2)=11 ) STR
NPP (3)=8 STR
DATA (XX(leI)eImloll)/+1400=1,09920,0/ STR
DATA (XX (291)eI=1911)/14659.84942539=,2539=.849=1,65¢5%0,0/ STR
DATA (XX(391)9e131011)/2:330162829.8429.5249.253960000=,2530-,524+=STR
10,8629=1.282++2.330/ STR
DATA (XX1(191)91=198)/0.008¢40000010005+00010,19,0010,2040465/4(YY]ISTR
1(191)eI=168)/,706030040893,0010,0¢6,50100,0+80,0/ STR

DATA (XX1(291)e1=1¢11)/2,00F=0241,00E=05+4,200E~02+2,00E~04+6,70€-STR
10291,000E-03¢1,09E~0194,00E-03+2,13E=-01+2.00E-02¢4,00E=01/+(YY1(2+STR
21)91=1911)/7.00E=02+8,20E-0192.00F=01+3,30E+0001,00E+0091,00E+01+35TR

3,20E+00+3,30E+401+1,00E+01¢1,00E+402+3,40E+01/ STR
DATA (XX1(3eI)e1=198)7/e019,0000019,03404,00010,079,0010,189.017/¢(YYSTR
11(301107=108)/,400403391.19,2097,50+2,00100,0+50,0/ STR

DATA (Z=e0010.0505610006150¢,20009,3009,4000,5000,600¢,700¢,R00¢1,0S5TR
10001,20001,40091,60001480002,00002450093,00093.50004,00005,00046,0S5TR
200+7,000010,000) STR

NDATA (ZX1=,84T792E+00+.,83006E+00+,81590E+00+,80545E+00+,79840E+4000,STR
179349F+00+ . 799654000 81600E+00+,84209E+0009,87T7B6E+00¢,9235TE+00¢,STR
2106471F+014,12200E4015,14539E4010¢17655E+019,21779E+01,27224E+01¢,STR
349794F+0149,95636F+01+,19018F+020,38805€6+402+,17061E+03+,78860E+03+,STR
43TT708BE+04¢,46666E+06) STR

NDATA (ZX2==,56570E+00+s=.5793BE+00+=,59482E+00¢=c61182E+00+=,A3042ESTR
1400+~,67275€64000-,7224TE+00+¢=-,78039E+00+=.84T49E+000=,92493E+00+-,STR
210141F+019=,12341F+01e~,15238F+01+-,19049E+01:=,24071E+010-,30699ESTR
34019=,39472E+01s=,T617S5E+019=c15188E¢029~e31034E+02+-,64623€+02¢~,STR

429226F+034=,13761E+044-,66653E+04,-,84368F+06) STR
sTR

J=1e2¢3 FOR 15 AND 10 FRACTIONS, ]TR
XeXX RELATF TO NORMAL NDEVIATESs XX1leX1loeYYlseYl TO PG=GT CURVE sTR
sSTR

READ (S5+1048) NNoJJ STR
J=NN/4+] STR
NP=NPP (J) STR
DO 101 I=1eNN STR
Y(II=XX(Js 1) STR
DO 102 I=1sNP ]TR
X1(I)=XX1(Je 1) STR
YI(I)=YY1(Jdel) STR
NP= NO OF POINTS ON PG-GT CURVE STR
STR

READ (5+103) VeDsSE+VNUDS0,S00 STR
WRITE (6+105) STR
WRITE (69106) VeDoSEsVNUsDS0,SDD STR
DS0=D%0/304.8 STR
VNU=VNU®100000, STR
CALL TPORT STR
STOP STR
STR

FORMAT (8F10,3) STR
FORMAT (2110) STR
FORMAT (1H19//9Xs T4HCOMPUTATION OF TOTAL BED MATERIAL DISCHARGE RSTR
1Y MAHMO0DS TRANSPORT FUNCTIONs//) STR
FORMAT (S5Xe 29HAVERAGE VELOCITY oFl2.2¢ 12H FT,/SEC, STR
1 ¢/5Xe P9HHYDRAULIC DEPTH sFl2.,2¢ 12H FT, ¢ /SASTR
2e 29HWATER SURFACE WIDTH 98Xy 15H1,00 FT, 9/SXs 29HSTR

3ENERGY GRADIENT oF12.7e 12H FT./FT, 9/5Xs 29HKINEMSTR

600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
B00O
810
820
830
B40
850
860
870
880
890
900
910
920
930
940
950
960
970
980

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
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4ATIC VISCOSITY sF12e79 12H SQeFT./SEC.9/5Xs 29HMEDIAN REDSTR
5 MATERIAL SIZE sFl2.2¢ 11H MM, v/5Xs 29HGRADATION COEFFISTR
6CIENT 1F12.20/7) STR
STR

END STR

1190
1200
1210
1220
1230



o000

OO0 0O0

101

102

103

99

SUBROUTINE TPORT STR
COMMON /ADATA/ DMB4yDM50+DM16+SIGMA STR
COMMON /BDATA/ II1sJJsNNsDoeVsSEsVNUIDS0+SDDsGT sPPMySVeAE+QPRIQPTHICRSTR
1EF STR
COMMON /ZDATA/ Z(25)+ZX)1(25)+2ZX2(25)92Z19XI1sXI2 STR
COMMON /SDDATA/ X(11)9X1(11)9sY1(11)9sPGeGXsNP STR
DIMENSION PIF(11)s DMM(1]1)s A(l]l)y GIF(1]) STR
DIMENSION DM(10)s FV(10)s H(10)s A1(10)s B1(10)s C1(10)s D1(10)s DSTR
1ELS(10)y DELB(10)s ETAL(10)s DTAU(10)s TAUC(10)s DF(11) STR
DIMENSION PPMFT(10)s PPMF(10) STR

COMMON GPS(10)+GPB(10)+GPT(10)9U(10+60)9C(10+60)9ET(10+60)»SUMQ(10STR
1960) oSUMG(10+60) sETD(10+60)96(10960)9GB(10)9QR(10)9N(10)96GL(10)+QLSTR

2(10)9GU(10)9QU(10)+DELG(10)sDELQ(10)9sPFG(10)+DPM(10) STR
RVS(DMsVN) =(1,/DM) # (SQRT(35,43%DM##3+3 ,6E~92VN##2) =6 ,E~5#VN) STR
STR

RVS(DIAMETER IN FTyKINe VISCOSITY IN SQ.FT/SEC®*1.E+S5) IS RUBEYS FASTR
VELOCITY IN FT/SEC STR
STR

SFA(DRIETAZ)=(ALOG(33,35%DR)/(14=2) )% ((ETA/,15)88Z8,15~FTA) STR
SFB(ETAsZ)=((=.2846%(ETA/,15) 987 <FTA®ALOG(ETA))/(1e=2))=((,15%(ETASTR
1/7:15)#8#Z=-ETA)/((1,=2)#%2)) STR
SFD(ETA+Z)=(ETA/,B5)%%2 STR
SFC(DRsAE)=(ALOG(S,%DR) ) /AE+]1,897 STR
SFA1 (ETAsDR)=ETA®ALOG(33,35%DR) ®AL0G(.15/ETA) STR
SFBL(ETA)=ALOG(.,1S5*ETA) *ALOG(.,15/ETA)*ETA/2, STR
SFPB(DByAE+D84)=DB*ALOG(33.,35%DB/D84) /AE STR
STR

DM 1S GEOMETRIC MEAN DIA OF A FRACTION. 1 IS LARGEST, STR
DR 1S DEPTH D/DB84., Z IS ROUSE NO STR
ETA IS 2%DM(I1) /D AE IS U®0/U%0E STR
STR

I1=1 STR
SV=SQRT (32,2%D*SE) STR
TAU=62.4%D®SE STR
D84=D50#SDD STR
DR=D/D84% STR
VP22,50#AL0G(12,27%DR) STR
VF=V/SV STR
SVE=SV# (VF=2,62)/(VP=2.62) STR
IF (SVE.GE.SV) SV6=,99%SvV STR
IF (SVE.LE.0.) SVG=,01%SV STR
AE=SV/SVE STR
N1=NN=-1 STR
XN1=N1 STR
WS0=RVS (D50 VNU) STR
FVRG=WS0/SVE STR
SH=SVE®##2/(53,1%D50) STR
IF (JJU.EQ.2) GO TO 101 STR
WRITE (69119} STR
CONTINUE STR
DO 102 I=1sNN STR
DF (1) =DS0#SDD#&X (1) STR
CONTINUE STR
DO 103 TI=1sNl STR
N(I)=1 STR
DO 109 T1=1.Nl STR
DM(I)=SQRT(DF (1) #DF (I1+1)) STR
DMM (1)=DM(I)*305, STR

ETAL(1)=2,2DM(1)/D STR
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DI=DM(I) STR
FV(I)=RVS(DIsVNU) STR
HII)=FV(I)/(0,40%#SV) STR

STR

COMPUTATION OF CRITICAL SHEAR AND WEIGHTING FACTOR STR

STR

IF (DM(1)=-0,0009) 104,105,105 STR

104 TAUC(])=0,02152(DM(])##,25) STR
GO TO 108 STR

105 IF (DM(1)=0,0018) 10651075107 STR
106 TAUC(I)=0,315#(DM(1)**,633) STR
GO T0 108 STR

107 CONTINUE STR
TAUC(1)=16.,8%(DM(1)*®*],262) STR

108 DTAU(I)=1,=-TAUC(I)/TAU STR
IF (DTAU(I) (LE.O0,) DTAU(I)=0, STR

109 CONTINUE STR
QP3=0, STR
QPS=0, STR

PO 113 I=1.N1 STR
ZI=H(I) STR

CALL ZPOLATE STR
ETA=ETAL(I) STR
DB=2,%DM (1) STR

STR

ZPOLATE YIELDS XIl1 AND XxIZ2 STR

STR

Clt1)Y=SFC(DRAE) STR
DI(I)=SFD(ETA.ZI) STR

IF (21.EQels) GO TO 110 STR
Al(I)=SFA(DRIETA+ZI) STR
Bl1(I)=SFB(ETAsZ1I) STR

GO0 70 111 STR

110 Al(I)=SFAL1(ETA.DR) STR
R1(I1)=SFB1(ETA) STR

111 CONTINUE STR
STR

COMPUTATION OF SUSPENDED AND BEDLOAD FRACTIONWISE DISCHARGE STR

STR

DELS(I)=D*((AL(I)eBl(I))/AE*XTI1*C1(I)*D1(I)eXI2*D1(1))*DTAU(I)/STR

1 XN1 STR
DELB(I)=SFPRB(DBsAE+DB4)*DTAU(]I) /XN1 STR
QPS=QPSeDELS(T) STR
QPB=QPB+DELB(I) STR

IF (JJ.EQ.2) GO TO 112 STR

WRITE (60121) T+DM(I)SETAL(I)oH(I)oAL(T)9BI(I)9sClIT)eDI(I)esXI1eSTR

1 XI2+DTAU(L) STR
112 CONTINUE STR
113 CONTINUE STR
QPT=QPB+QPS STR
WRITE (6+120) STR

PO 114 I=]eN1 STR
GPS(I)=DELS(I)/QPS STR
GPB(1)=DELB(I)/7QPB STR
GPT(I1)=(DELS(1)+DELB(T1))/QPT STR

WRITE (60121) ToDMM(I)oFV(I)oM(I)eTAUC(I)oDTAU(I) +OELS(I) +sOELB(STR

1 1)eGPS(I)9sGPB(I)+GPT(D) STR
114 CONTINUE STR

PG=614,9FVRG®*SV#QPTeSH®* 75 STR
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CALL GPOLATE STR
GT=G6X STR
PPMaGT#],E6/ (62,4%V*D) STR
CREF=GT/ (2,5%SV#QPT) STR
SUMT=0, STR

DO 115 I=1sN1l STR
J=Nl=1+1 STR
SUMT=SUMT+GPT (U} =100, STR
PFG(J)=SUMT STR

PPMFT (J)=PPM®*PFG(J) /100, STR

PPMF (J) =PPM#GPT (J) STR

GIF (J)=GT#*GPT (J) STR

PIF (J)=PPMF (J) STR
A(J)=GPT (J)=#100, STR

115 CONTINUE STR
WRITE (69118) STR

DO 116 I=1sNl , STR
WRITE (6+117) N(I)sOM(I)oPFG(I)sDMM(I) +PPMF(I)PPMFT(I) STR

116 CONTINUE STR
CALL LNORM (N1 +DMMyPFG) STR
WRITE (69122) DMB4+sDM50+s0M165SIGMA STR
RETURN STR

STR

117 FORMAT (5Xe1393X9E10.39BXeF6,299XsFTe393X9sEL0,306XeEL10,3) STR
118 FORMAT (/S5XeSHF NO.+s4XeTHSIZE=FT43X9s1BHPERCENT FINER THAN+3XeTHSIZSTR
1E=MMs3Xs 11HPPM IN FRACs2X+17HPPM IN FINER THAN/) STR

119 FORMAT (/6Xys 63HFRACTION-WISE VALUES OF COMPUTATIONAL PARAMETERS ASTR
JRE AS FOLLOWSs/5Xs5HF NOo 94Xy THSIZE=FT93Xs9HETA=DM /D»3X+IHROUSF NSTR
20, 93X9s9HPARAM, Als3X9s9HPARAM, Bl9s3Xe9HPARAM, Cls3Xs9HPARAM, D1¢3X,STR
310HINTEGRAL 1+2X910HINTEGRAL J93XeBHDEL. TAU/) STR

120 FORMAT (/6Xy 36HFRACTION=WISE ANALYSIS IS AS FOLLOWS+/5XsSHF ND4+4STR
1XsTHSIZE~MMs4X9BHFALL VEL93X9s9HROUSE NOoe93Xe10HCRIT,SHEAR$2X s 10HWESTR

2IGHFACTe3XeOHDEL ¢ SUSP, 94X 9sBHDEL, BED+3X910HFRAC,IN GS+2Xs10HFRAC,STR
3IN GB+2X910HFRACL,IN GT/) STR
121 FORMAT (SX9I3+43Xs10(E10.392X)) STR
122 FORMAT (/5Xs 21HFOR B,M. TRANSP, DB4=9FB.49 11H MMy DS50=¢FB,4s 1STR
10H MM D16=9FBe4s 14H MM AND SIGMA=9F8,4) STR
STR

END STR
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SUBROUTINE GPOLATE
COMMON /SDDATA/ X(11)eX1(11)eY1(11)9PGsGTyN
IF (PG=X1(1)) 101+1014102
6T=Y1l(1)
GO TO 107
IF (PG=X1(N)) 104,103,103
GT=Y1(N)
G0 TO 107
CONTINUE
DO 106 J=1.11
IF ((PG4GToX1(J))sAND, (PGosLEsX1(Uel))) GO TO 105
60 To 106
I=J+l

THIS SUBRROUTINE IS FOR LOG-LOG INTERPOLATION

A=ALOG(YLI(I)/Y1(I=-1))
B=ALOG(X1(I)/X1(I-1))
C=ALOG(PG/X1(I=1))
6T=Y1(I=1)%(EXP(A®C/B))
GO 10 107

CONTINUE

CONTINUVE

RETURN

END

STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
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SUBROUTINE ZPOLATE

COMMON /ZDATA/ 7(25)9XI111(25) ¢X12(25)¢Z19XILsXIV

IF (Z21.6T,0,001) GO To 101

XI11=0,8%

XIJ==,85-,15%AL0G(0,15)

GO TO 104

CONTINUE

DO 103 u=1,24
IF ((Z146TeZ(J))oANDe(Z14LEeZ(JU*1)))
60 TO 103
IENLDE

IF SEMILOG PLOT IS LINEAR

A=(Z1=Z(1-11)/(2(1)=2(1~1))
=XI1(I)/XI1(I=-1)
C=XI2(I)/X12(I=~1)
XIJg=xI2(I-1)#(C#®A)
XII=XI1(I-1)®(@aap)
60 TO 104

CONT INUE

CONTINUE

RETURN

END

60 TOo 102

STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
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SUBROUTINE LNORM (NsXsP) STR

STR
THIS WILL DETERMINE LOG NORMAL DISTRIBUTION PARMETERS, STR
N=NO OF POINTS IN X ARRAY FOR WHICH P ARE CDF.,STARTING WITH HIGHESSTR
X IS FIRST CONVERTED TO NATURAL LOG,. STR
IT WILL ALSO DETERMINE ANY OTHER PERCENTILE SIZES FOR WHICH STR

NO IS NO OF SUCH POINTSsPO ARE PERCENTILES AND XO ARE READ, SIZESSTR
SET NO=3 UNLES X0 ARE REQUIRED, PO(1)=84,P0(2)250,P0(3)=16 ALWAYSSTR

YO ARE DEVIATIONS OF PO YO(1)=1,9Y0(2)=0,9Y0(3)==], STR
IF RANGE OF P oNOT. 154LT.P.GT.85 ONLY P=50 - P8BS USED STR
IF oNOT, 50.LT.P.GT.85 IT WwILL NOT ESTIMATE PARAMETERSTR
BUT WILL ESTIMATE X0 IF NOJNE.O. STR
STR

COMMON /SNDATA/ FX(45) XX (45) STR
COMMON /ADATA/ XO(3)+SIGMA STR
DIMENSION X(N)s P(N)e PO(10)s YO(10)s IND(1S)s Q(15)s 2(15)s Y(15)STR
STR

FIRST ELIMINATE P,LT.0.01 AND P,GT,99.99 AND DETERMINE DEVIATESSTR
STR

NO=3 STR
PO(1)=84, STR
PO (2)=50. STR
PO(3) =16, STR
Yo(l)=1, STR
Y0(2)=0, STR
Y0(3)==1, STR
IN=0 STR
DO 104 I=1,N STR
IF ((P(])eGEe99.99)e0R,(P(I)4LE.0,01)) GO TO 104 STR
IN=INe] STR
Q(INI=P(I)=50, STR
Z(IN)=X(]) STR
QQ=ARS (Q(IN)) STR

DO 102 J=1+45+4 STR

IF (QQ.LT.FX(J})) GO TO 102 STR
Jl=J=-4 STR

Ja=J STR

DO 101 K=Ulysu2 STR

IF (QQ.LT.FX(K)) GO TO 101 STR

J3=K-1 STR

Jé=K STR
YOIN)=SXX(J4) ¢ (QA=-FX(J%) ) # (XX (J3)=XX(J&))/(FX(JI3)=FX(J&)) STR

GO TO 103 STR

CONTINUE STR
CONTINUE STR

IF (Q(IN)oLT.0.) Y(IN)==Y(IN) STR
CONTINUE STR
STR

NOW TAKE LOG OF X STR
STR

DO 105 u=lsIN STR
Z(J)=ALOG(Z (W) STR
P1l=Q@(1)+50, STR
P2=Q{IN) +50, STR
DO 108 Jy=1sNO STR
IF ((PO(JU) oLE«P1) (AND. (PO(J)sGE.P2)) GO TO 106 STR

G0 TO 107 STR
IND (V) =1 STR

G0 To 108 STR
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IND (J) =0
CONTINUE

PERCENTILES ARE COMPUTED NEXT wHERE POSSIBLE

DO 113 U=1+NO
IF (IND(J).EQ.0) GO TO 113
DO 109 I=1.IN
IF (Y(I).LE,YO(J}) GO TO 110
CONTINUE
I=IN
IF (1-1) 1121114112
X0 (J)=EXP(Z(1}))
G0 TO 113
K=I=-1
XO(WH=ZADI+(YO (=Y (D)) M(Z(K)=Z (D)) /{Y(K)=Y(]))
XO(J)=EXP(XO(J))
CONTINUE
DO 115 U=1+NO
IF (IND(J).EQ.0) GO TO 114
GO To 115
CONTINUE

STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR
STR

IF (PO(J) «GToPl) XOUJ)=EXP(Z(1)+(YO(J)=Y(1))®(2(1)=Z(2))/(Y(1)=STR

Y(2})))

STR

IF (PO(J)eLToP2) XO(JI=EXP(Z(IN)+(YO(J)=Y (IN))®(Z(IN=1}=Z(IN))/STR

(Y(IN=1)=Y(IN}))
CONTINUE
SIGMA=0,5%(X0(1)/X0(2)+X0(2)/X0(3))
RETURN

END

STR
STR
STR
STR
STR
STR
STR
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PROGRAM COLBY (INPUTsOUTPUTsTAPES=INPUTsTAPE6=0UTPUT) coL
coL
coL

DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESFARCH COL

CENTER+ FORT COLLINS»COLORADO 80523 coL

PURPOSE COMPUTATION OF BED MATERIAL LOAD BY COLBYS coL

METHOD coL
REFERENCE COLBYsB.Rey DISCHARGE OF SANDS AND MEAN VFLOCITYCOL
RELATIONSHIPS IN SAND-BED STREAMSs PROFESSTIONAL COL
PAPER 462-Ay 1964 U,S. GEOLOGICAL SURVEY, coL
CORE USAGE CDC 6400 SCOPE 3,3 SYSTEM DEFAULT VALUE, coL
43000 OCTAL. coL

COMPILATION TIME APPROXIMATELY 4 SEC, coL

CENTRAL PROCESSOR coL

TIME FOR ONE coL

SET OF DATA LESS THAN 0.6 SEC, coL
coL

INPUT AND OUTPUT DESCRIPTION coL
coL

THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN THE coL

VALUE OF NDATA, IN FORMAT IS5, NDATA IS THE NUMBER OF SETS OF INPUTCOL

DATA TO BE FED TO THE COMPUTER AT A TIME, A SET OF INPUT DATA coL

CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY A PRORLEMes COL

AS DETAILED BELOW, coL
coL

THE FIRST CARD IN INPUT IS FOLLOWED BY THE SETS OF INPUT DATA, coL

TO BE PUNCHED IN FORMAT 6F10,0 coL

A SET OF INPUT DATA CONSISTS OF THE FOLLOWING VARIABLES, coL

1) AVERAGE VELOCITY FoePoSe coL

2) HYDRAULIC OEPTH D FT, coL

3) WATER SURFACE WIDTH w FTe coL

4) TEMPERATURE TF DEG.FAHREN, coL

S) MEDIAN BED MATERIAL SIZE 0S50 MM, coL

6) FINE MATERIAL CONCENTRATION FML PPM, coL
coL

OUTPUT CONSISTS OF THE TOTAL BED MATERIAL TRANSPORT IN TONS/DAYs COL

AND A REMARK ON HOW THE COMPUTATIONS WERE CARRIED OUT, coL

IF REMARK= OKy THE COMPUTATIONS wERE CARRIED OUT SUCCESSFULLY. coL

IF  REMARK= OORs VELOCITY, DEPTH OR BED MATERIAL SIZE IS OUT OF coL

RANGE, coL

IF REMARK= TOORs TEMPERATURE IS OUT OR RANGE, coL

IF REMARK= FOORs FINE MATERIAL CONCENTRATION IS OUT OF RANGE. coL

VARTIABLE RANGE coL

AVERAGE VELOCITY 1-10 F.P,.S, coL

HYDRAULIC DEPTH 1-100 FT,. coL

WATER SURFACE WIDTH coL

TEMPERATURE 32-100 DEG.,FAHREN, coL

MEDIAN BED MATERIAL SIZE 0,1-0.8 MM, coL

FINE MATERIAL CONCENTRATION 0-200000 PPM, coL
coL
coL

COMMON /CLBY/ G(448+6)9F (5910)9T(T94)eP(121)sDF(10)+CF(5)+DP(11)+DGCOL

1(4)+VG(B)+D50G(6)+TEMP(T) coL

DIMENSION II(2)y JJ(2)9 KK(2)9s XX(2)9 YY(2)9 ZZ(2)s X(292)9 XA(2)+COL

1 XG({2)s XT{(202)9 XCT(2)9 XF(2+2) coL

WRITE (6+159) coL

READ (5+162) NDATA coL

DO 157 L=1+NDATA coL

READ (54163) VeDoWsTFsDSO0sFML

coL
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WRITF (69160) LoeVeDoWeTFoDS0oFML coL
DATA (((G(ToJdeK)sIxlsd)sd=1e8) sKz123)/160+0,3000,06+0.0340+3,3COL
002.50+260054%99.0001050002050001350926500950009158500¢L2+0449COL
0009130,00¢500,0+297001014000460,000135050046409160,00¢700,80+2C0L
586;Q0Qﬂ{01220300LQDOTO-QLDGTOO.360Q,9600¢000Q,000L,bOoL.ZO-,bSCOL
9951003.700540094,0093500,1 018,0003000¢52500017500+40500+80COL
+000160¢00036.000955000230,000650,0096035009150,00+415,00+1200,0C0L
oQ}{bOleS{OOOQZDfOGO1500.0'0.L#n0.0oO.Dfﬁ}Ool.OﬂoO.ﬁOo.)‘QQ,D@COL
3:.3093000)¢790,5011,000156009)12,0914,0920500035,0004950¢70,0+4COL
4500+85,000150500250.0071,00+145,000290.00500.00100400+202500+4COL
Qooo'loocO/ COL
DATA (((G(TodeK)al=1e&)eU=1e8)eK=696)/02000,098,00¢0,0040.T040,COL
30|0gﬂ600,00'2190021300l(ﬁGOO{ﬂGQ1}150'13{00012{00.7100-22300v3C0L
1.00640400050,00¢47¢000845000135,00921040097550041408500+260,00+COL
410,000106,00+1905009350,00+630600+0,00%0,04000000,0+0,44+05069COL
060030,0+92¢8001,8090,609060+12.00+)2¢50910,0004:5+24,00+30500,3COL
5400031(0!521gg;1§‘00'120.000190100063.000180.000215100.380.0-YCOL
20,00019€6.00, 20005504,00004090,09050900,0006300.000,000,002,9+COL
lykoo,googﬂﬁIQ{OOL}{0011703.00 740029:40930.0930.0¢57,0+15,0,110COL
.0-120.00Q9{00Lb0.00aﬂ0.00 200135,0+190,00290.0¢520,0/ coL
DATA ((F(IeJ)s1=2¢5)00=19101/101091060+2:6004.209141091,65+2,75C0L
96,9001 51091.7093,0005,50010129149093.60026000117¢2.05+453048COL
Lnol.20-2.3005‘500l14?00l.220217506.0002}100014?503{0009.600?90C0L
000l.30|3,§0012400043400|L(‘0|6~90v22(000120.0/ coL
DATA (F(1eo1)0I=1910)/100014091009140014091.0914001,001.0+1,07 COL
DATA ((T(Isd)el=107)9U=194)/1,20910250142000496+0.,90+0,85+0,R2+COL
163501.259161200,9290,8690,8090,7591.6001,4001,2000,8990,8050,7COL
200,6692,0001.6501.3000.85¢0.7290,63+0,55/ coL
DATA (DF (1) 21=1010)/0410600,2000,30+0,60+1.,0002.0046,00+10,00+20COL
000901.E2/9(CF(T1)91=195)/9,091cE495.E44]1.ESs1,5E5/ coL
DATA (P(I)91=1911)/0,6090¢90914001¢000.83+0,6000,40+0,25+0,15+0COL
009+0405/9(DP(1)91=1911)/0,10906159062000.30+0,40+9005000,60+0,7COL
000.8000,9091,00/9(DG(I)9I=194)/0e1001,0010,00100,0/0(VG(I)sI=1COL
08)/160916592:0936094.006,008.,0910.0/9(DS50G(1)91I=1+96)/0,10+0,20COL
0063000,4000,6000e80/9 (TEMP(1)9I=107)/32:094040950,0¢70,0+80,04+COL
90,0,100,0/ coL
REMARK=5HOK coL
IF ((DS0.LT.D50G(1))+0R.(D50,GT,D506(6))) GO TO 101 coL
GO TO 102 coL
REMARK=SHOOR coL
60 TO 155 coL

coL

LOCATE APPROPRIATE VeDsDS0 GRID coL

coL
CONTINUE coL
IF ((D.LT,0G6(1)).,0R.(D.GT,DG(4))) GO T 103 coL
GO TO 104 coL
REMARK=SHOOR coL
GO TO 155 coL
IF ((VeLToVG6(1))oORe(V,6T.VG(B))) GO TO 105 coL
GO TO 106 coL
REMARK=SHOOR cnL
60 7O 155 coL
IF (TF.EQ.,0.) TF=60. coL
IF (TF=32,) 107+108+108 coL
REMARK=SHTOOR coL
TF=32. coL
IF (TF=100) 11051109109 coL
REMARK=SHTOOR coL

600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760

780
790
800
810
820
830
840
850
860
870
840
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180 .
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112
113
114

115

116
117
118

120
121
122

123
124
125
126
127

128
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TF=100.

CONTINUE

IF1=0

102=0

D0 113 I=1,3
IF ((DeGELDG(I))sANDo(D.LE.DG(I+1))) GO TO 111
60 T0 112
ID1=1
102=1+1
GO TO 11&
CONTINUE

CONTINUE

Ivi=0

Ive=0

DO 117 1I=1.7
IF ((VeGE.VG(I))eANDe(V,LE,VG(I+1))) GO TO 115
GO TO 116
Ivl=l
Ivé=1e1
60 TO 118
CONTINUE

CONTINUE

1D501=0

I1D&R02=0

DO 121 I=1,5

IF ((DS0.GE.D50G (1)) .AND. (DS0,LE.D50G(I+1))) 60 TO 119

GO YO0 120
10501=1
1D502=1+1
G0 TO 122
CONTINUE
CONTINUE
CONTINUE
1I1(1)=1D1
11(2)=1D2
JJ(ly=1vl]
JJd2r=1ve
KK(1)=1D501
KK (2)=1D502
DO 130 I=1y2
I11=11(I)
XX(I)=ALOGL10(DG(I1))
DO 129 J=1+2
J1=JdJ(J)
YY(J)=ALOGLO(VG(JU1))
D0 129 K=1,2
K1=KK (K)
ZZ(K)=ALOG10(DS0G(K]))
IF (G(IlesJleK1l)=0s) 12301234127
D0 125 JU3=Jl,7
IF (G(I1sJ39K1)=0,) 126,124+126
CONTINUE
CONTINUE

coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
cnL
coL
cnL
cnL
coL
coL
coL

X(JeK)=ALOGLlO(G(I19JU39K1) )+ (ALOGLO(VG(UL)/VG(J3)))®(ALOGICOL

0(G(I1lsJ3e1eK1)}/G(I19U3sK1)))/(ALOGLO(VG(JI*])/VGI(UI)))

GO TO 128
CONTINUF
X(JsK)=ALOGLIO(G(I1leJlsKl))
CONTINUE

coL
coL
coL
coL
coL

1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
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129

130

131

132

133

134
135
136

137
138

139

70

CONT INUE
XD=ALOG10(DS0)=-22(1)
XN1=X(1l92)=X(10l)
XN2=X(202)=X(201)
XDEN=ZZ (2)-Z2(1)
XA(1)=X(1lel)+XN1#XD/XDEN
XA(2)=X(29]1) ¢XN2#*XD/XDEN
XNM=XA(2)=XA(1)
XV=ALOGlO(V)=-YY (1)
XDYsYY(2)=-YY (1)
XG(I)=XA(1)+XNMEXV/XDY
CONTINUE
XNM=XG(2)-XG(1)
XD=ALOG1O(D)=XX(1)
XDEN=XX(2)=XX (1)
GTUC=XG (1) +XNM&XD/XDEN
GTUC=10,2##GTUC

GTUC IS UNCORRECTED GT IN LB/SEC/FT

NEXT APPLY F.M.LOAD AND TEMPERATURE CORRECTIONS

IF (TF=60,) 132+131+132
CFT=1,
60 TO 137
CONTINUE
IT1=0
IT2=0
DO 135 I=1+6
IF ((TFeGESTEMP(I)) ,AND (TF.LE.TEMP(I#1))) GO TO 133
GO TO 134
IT1=1
IT2=1e1
G0 TO 136
CONTINUE
CONTINUE
CONTINUE
XT(1s1)=ALOGLO(T(IT1,ID1))
XT(2+1)=ALOGL1O(T(IT2,1ID1))
XT(142)=ALOGIO(T(IT1,1D2))
XT(2+2)=ALOGlO(T(IT241D2))
XNT=ALOG1O0 (TF/TEMP(IT1))/ALOGIO(TEMP(IT2)/TEMP(IT1))
XCT(1)=XT(lol) ¢ XNT® (XT(201)=XT(1s1))
XCT(2)=XT(142) ¢XNTE(XT(2+2)=XT(1+2))
CFT=XCT(1)+(XCT(2)-XCT(1))#XD/XDEN
CFT=10,%4CFT

FINE MATERIAL LOAD CORRECTION

CONTINUE

IF (FML=-10,) 138,138,139

CFF=1.

GO TO 149

CONTINUE

IF (FML.GT.1.E+5) REMARK=5HFOOR
1D1=0

1D2=0

DO 141 I=1,9

cnL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
cnL
coL
coL
cnL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL

1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
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144

145

146
147
148

149

150

151
152
153

154
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IF ((DoGEJDF(I))sANDo (DoLE.DF(I+1})) GO TO 140

GO TO 141
IDl=1
ID2=1+1
GO TO 142
CONTINUE
CONT INUE
IF (REMARK,.EQ,
IFl=4
IF2=5
GO TO 148
CONTINUE
IF1=0
1F2=0
DO 147 I=1s4

IF ((FMLoGECF(TI))eANDo (FML,LE.CF(1+1)))

GO TO 146
IFl=1
IF2=]+1
GO TO 148
CONTINUE
CONTINUE
CONTINUE

SHFOOR

11439144

XF(le1)=ALOGLO(F(IF1lsID1))
XF(2+2)=ALOGLlO(F(IF2+1ID2)}))
XF(1+42)=ALOGLO(F(IF1+1D2))
XF(2+1)=ALOG10(F(ID2+1ID1))

XNT=(FML=CF (IF1))/(CF(IF2)=-CF(IF1))
XCT(1)=XF(lol) ¢ XNT®(XF(2¢1)=XF(1lsl))
XCT(2)=XF (192) ¢XNTR(XF(2+2)=XF(142))

GO TO 145

XNT=ALOG10 (D/DF (ID1))/ALOG1O(DF (ID2)/DF (ID1))
CFF=XCT (1) *XNT®#(XCT(2)=XCT (1))

CFF=10,%4CFF
CONTINUE
TCF=CFT#CFF-1,
CFD=1.

IF ((DS0,GE.0.20)sAND+ (DS0.LE.0.30)) GO TO 154

IP1=0
1P2=0
DO 152 I=1.10

IF ((DS0.GE.DP(I))+AND.(DS0.LE.DP(I+1})) GO TO 150

GO T0 151
IPl=1
IP2=1+1
GO TO 1S53
CONTINUE
CONTINUE
CONTINUE

P2=ALOG10 (P (IP2))
P1=ALOGlO0(P(IP]1))
XNT=ALOG10 (DSO/DP(IP1))/ALOG1O(DP(IP2)/DP(IP]))
CFD=P1l +XNT® (P2~-P1)

CFD=10,##CFD
CONTINUE
FFF=CFD®TCF
FFF=FFF+l,
GT=FFF#GTUC
GT=GT#wW
WRITE (6s161)

GT»REMARK

coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
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coL
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coL
coL
coL
coL
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coL
coL
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coL
coL
coL
coL
coL
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GO TO 156 coL

155 CONTINUE coL
WRITE (6+158) REMARK coL

156 CONTINUE coL
157 CONTINUE coL
coL

158 FORMAT (5Xy 38HCOMPUTATIONS COULD NOT BE CARRIED OUT «/5Xs 24HDUE COL
1TO DATA OUT OF RANGEs/S5Xs BHREMARK= +R10///) coL
159 FORMAT (1H1+9Xs 33HCOMPUTATION OF TOTAL BED MATERIAL+/10Xs 26HTRANCOL
1SPORT BY COLBYS METHODs//) coL
160 FORMAT (SXs4HSET +I5/5X9s2THAVERAGE VELOCITY +Fl2.,2912H FCOL
1T./SEC, 02/5Xe2THHYDRAULIC DEPTH 'Fl2.2¢12H FT, coL

2 9/5X+2THWATER SURFACE WIDTH yFl2.2912H FT, »/5X s 2THCOL
3TEMPERATURE oF12.,2912H DEG,FAHREN,»/5X+27HMEDIAN BECOL

4D MATERTAL SIZE 1F12.2912H MM, +/5X92THFINE MATERIAL CONCCOL
SENTRATIONsF12.2+12H PPM, v/) coL
161 FORMAT (5X+24HBED MATERIAL TRANSPORT =+F15.5912H TONS/DAY +/5Xe9COL
1HREMARK = +R10///} coL
162 FORMAT (I5) coL
163 FORMAT (6F10.0) coL
coL

END coL

2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
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PROGRAM MEYER (INPUTyOUTPUTTAPES=INPUT»TAPE6=0UTPUT) MEY
MEY

_ MEY

DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH MEY
CENTERs FORT COLLINSs COLORADO 80523 MEY

PURPOSE CALCULATION OF BED LOAD TRANSPORT BY MEYER=-PETERMEY
AND MULLER FORMULA(1948) MFY

REFERENCE MEYER-PETERs Eo. AND MULLERs Ro» FORMULAS FOR MEY
BED LOAD TRANSPORT, INTERNATIONAL ASSOCIATION MEY

FOR HYDRAULIC RESEARCHs SECOND MEETING MEY

STOCKHOLM, 1948, MEY

CORE USAGE CDC 6400 SCOPE 3,3 SYSTEM DEFAULT VALUE, MFY
43000 OCTAL, MEY

MFY

MEY

INPUT AND OUTPUT DESCRIPTION MEY
MFY

INPUT CONSISTS OF THE FOLLOWING MEY
1) VARIABLES VsRoW+sSeD90s AND NDs TO BE READ IN FORMAT(S5F10,0+I10)MEY
v AVERAGE VELOCITY FT./SEC. MEY

R HYDRAULIC RADIUS FT, MEY

W WATER SURFACE WIDTH FT. MEY

S ENERGY GRADIENT FT./FT, MEY
D90 DIAMETER FOR 90 PERCENT FINER MM o MEY

ND NO. OF FRACTIONS IN BED MATERIAL MFY

2) ARRAYS FB(ND)sDRL (ND)+DRU(ND)s TO BE READ IN FORMAT(3F10,0) MEY
FB(J} FRACTION OF BED MATERIAL IN SIZE FRACTION MEY
DRL (U) LOWER LIMIT OF SIZE FRACTIONy IN MM, MEY
DRU(J) UPPER LIMIT OF SIZE FRACTION, IN MM, MEY
MEY

OQUTPUT CONSISTS OF THE BED LOAD TRANSPORT IN TONS/DAY, MEY
MEY

MEY

DIMENSION FB(10)e DRL(10)s DRU(10) MEY
READ (5+102) VsReWsS9sDI0sND MEY
WRITE (6+104) ’ MEY
WRITE (69105) VeRsWeS»D90 MEY
READ (5+103) (FB(J)sDRL(J)DRU(J) »JU=1+ND) MEY
D90=D90%0,001 ) MEY
vav#(,3048 MEY
R=R#0,3048 MEY
nM=0, MEY
DO 101 U=1+ND MFY
DM=DM+FB (J) # (DRL (J) *DRU(U)) /2, MEY
CONTINUE MEY
DM=DM#0,001 MEY
XKS=V/R#80,6667/S##0,5 MEY
XKR=26,/090##0,1667 MEY
RAT=XKS/XKR MEY
GAM=1000,. MEY
GR=9,81 MEY
GAMP=1650, MEY
RO=1000,/GR MFY
X=GAM®RaS#RAT##] 5§ MEY
Y=0,04T7#DM*GAMP MEY
2=0,25*R0##0,333 MEY
GSP=((X=Y)/Z)®*»],5 MEY
6GS=GSP*2,65/1,.,65 MEY
6S=65%2,2/3,28 MEY

10
20
30
40
50

70
80

100
110
120
130
140
150
160
170
180
190
200
210

230
2640
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
640
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
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GS=GS®#43,24wW MEY
WRITE (6+108) MEY
WRITE (69106) (JsFB(J)eDRL(J)9sDRU(J) 9J=19ND) MFY
WRITE (6+107) GS MFY
SToP MEY

MFY

102 FORMAT (5F10,0+110) MFY
103 FORMAT (3F10.0) MFY
106 FORMAT (IH1,4//10%Xs 34HCOMPUTATION OF BED LOAD TRANSPORT +/10Xs 40HMEY
18Y MEYER-PETER AND MULLER FORMULA(1948) +//) MEY
105 FORMAT (5X+27HAVERAGE VELOCITY 9F10,2+10H FTo/SEC. «/S5XeMFY
127HHYDRAULIC RADIUS eFl0.2+10H FT, s /SXe2THAATER SUMFY
2RFACE WIDTH '»F10,2410H FT, v»/5X 9 2THENERGY GRADIENT MEY

3 2Fl10.,7910H FT,/FT, +/5X+2THDIAMETER 90 PERCENT FINER FIMEY
640,3010H MM, s//) MEY
106 FORMAT (1X91109F10,2+2F10,4) MEY
107 FORMAT (//9¢5Xs 25HTOTAL BED LOAD TRANSPORT=sF15,3s» O9H TONS/DAY) MEY
108 FORMAT (5Xs &40H J FB(J) DRL (V) DRU(Y)Y o/) MEY
MEY

END MEY

600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
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PROGRAM MODEINS

DEVELOPED
PURPOSE

REFERENCES

CORE USAGE

COMPILATION TIME

7

(INPUTsQUTPUT s TAPES=INPUT+TAPE6SOUTPUT)

COLORADO STATE UNIVERSITY ENGINEERING RESEARCH
CENTERs FORT COLLINSs COLORADO» 80523,
COMPUTATION OF TOTAL SEDIMENT DISCHARGE BY

THE MODIFIED EINSTEIN PROCEDURE,

U.S. BUREAU OF RECLAMATION PUBLICATION

STEP METHOD FOR COMPUTING TOTAL SEDIMENT LOAD
BY THE MODIFIED EINSTEIN PROCEDUREs JULY 1955

MOD
MOD
MoD
MoD
MOD
MOD
MOD
MOD
MOD
MOD

(REVISED) AND ADDENDUM COMPUTATION OF Z FOR USEMOD

IN THE MODIFIED EINSTEIN PROCEDUREs JUNE 1966,
CDOC 6400 SCOPE 3,3 SYSTEM DEFAULT VALUE,

43000 OCTAL.

APPROXIMATELY 8 SEC,

CENTRAL PROCESSOR

TIME FOR ONE
SET OF DATA

APPROXIMATELY 1 SEC,

INPUT AND OUTPUT DESCRIPTION

THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN
THE VALUE OF NDATAs IN FORMAT IS5, NDATA IS THE NUMBER OF SETS

OF INPUT DATA TO BE FED TO THE COMPUTER AT A TIME,

DATA CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY
A PROBLEMs AS DETAILED BELOW.

THE FIRST CARD IS TO BRE FOLLOWED RY THE NUMBER OF SETS OF INPUT
DATAs EACH ONE CONSISTING OF THE FOLLOWINGy IN THE ORDER SHOWN

1) GENERAL DATA,

13 VARIABLES TO BE PUNCHED IN FORMAT (8F10,0)

FOLLOWING IS A LIST OF THE VARIABLESs FORTRAN NAME AND UNITS,

WATER DISCHARGE DISCH CFS,
AVERAGE VELOCITY UAVE FTo./SEC,
HYDRAULIC DEPTH DEPTH FT.
WATER SURFACE WIDTH w FT,.
ARFA AREA SQ.FT,
TEMPERATURE TEMP DEG,FARENH,
KINEMATIC VISCOSITY XNU SQ.FTo/SEC,
65 PERCENT FINER DIAMETER

FOR BED=-MATERIAL D65 FT,
35 PERCENT FINER DIAMETER

FOR BED~MATERIAL D3%S FTe
AVERAGE CONCENTRATION CONC PPM,
SAMPLED SUSPENDED LOAD QSM TONS/DAY
PORTION OF DEPTH NOT SAMPLED DN FT,
AVERAGE DEPTH OF SAMPLING DS FTe

2) INTEGER SELECTORS JIN AND JUOUTs TO BE PUNCHED IN FORMAT 211,
JIN SELECTS THE NUMBER AND RANGE IN THE COMPUTATIONAL
SIZE FRACTIONS., ND IS THE NUMBER OF SIZE FRACTIONS,

IF JIN=1,

THE SIZE FRACTIONS IN THE USBR PUBLICATION WILL BE

USED. THE FIRST TWO SIZE FRACTIONS WILL BE USED AND THE THIRD

DELETED»
IF JUIN=2,

USED. IN THIS CASE

RESULTING IN ND= 10
THE SIZE FRACTIONS IN THE USBR PUBLICATION WILL BE
THE FIRST TwWO SIZE FRACTIONS WILL BE DELETEDMOD

AND THE THIRD USED INSTEADs RESULTING IN ND=9

IF UIN=3s THE USER

MOD
MOD
MOD
MOD
MOD
MOD
M0D
MOD
MoD
MOD
MOD
MOD
MOD

A SET OF INPUTMOD

MOD
MOD
MOD
MOD
MOD
MOD
MQOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MoD
Mon
MOD
MOD
MOD
MOD
MoD
MoD
MOD
MOD
MOD
MOD
MOD
MOD

MOD

HAS THE OPTION OF SPECIFYING THE NUMBFR AND MOD

590



OO NOOTOIOHOOOHOHOHOHOOO

78

RANGE OF COMPUTATIONAL SIZE FRACTIONS, IF THIS OPTION IS MOD
CHOSENs ND SHOULD BE READ IN THE CARD IMMEDIATELY FOLLOWING. MOD

IN FORMAT 11, MOD
JOUT SELECTS THE TYPE OF OUTPUT DESIRED, MOD

IF JOUT=1ls OUTPUT WILL CONSIST OF THE GENERAL DATA, CHECK ON MOD
CONVERGENCE OF Z PRIME, AND THE FINAL RESULTS IN 20 COLUMNS, MOD

AS FOLLOwS, M0D
MOD

1) GEOMETRIC MEAN DIAMETERs IN FT, MOD

2) PSI MOD

3) PHI SHEAR MOD

4) PERCENTAGE OF BED MATERIAL IN SIZE FRACTION MOD

S) BED LOAD TRANSPORTs TONS/DAY M0D

6) PERCENTAGE OF SUSPENDED LOAD IN SIZE FRACTION MO0

7) SAMPLED TRANSPORT IN SIZE FRACTION M0D

8) MULTIPLIERS MOD

9) Z PRIME VALUES MOD
10) A DOUBLE PRIME VALUES MoD
11) GEOMETRIC MEAN DIAMETERs IN FT MO0
12) U ONE PRIME MND
13) J TWO PRIME MOD
14) J ONE DOUBLE PRIME M0D
15) J TWO DOUBLE PRIME MOD
16) PRODUCT OF uUS MO0
17) I ONE DOUBLE PRIME MOD
18) 1 TWO DOUBLE PRIME MOD
19) PRODUCT OF IS MOD
20) COMPUTED LOADs IN TONS/DAY MOD

1F JOUT=2 IS SELECTEDs MOST OF THE 20 COLUMNS WILL BE OMITTED MOD

IN THE PRINTOUTs AND INSTEAD ONLY COLUMNS 1949596 AND 20 WILL MOD

BE PRINTED. ADDITIONALLYs DRL(J) AND DRU(J)e+ LOWER AND UPPER M0D
LIMITS OF THE SIZE FRACTION RANGEs IN MM, WILL BE PRINTED TO MOD
THE LEFT OF THE S COLUMNS PREVIOUSLY MENTIONED. MOD
MOD

3) DATA ARRAYS. MOD
IF JIN=1le THE PERCENT OF BED MATERIAL INSIZE FRACTIONS FR(10). MOD
AND PERCENT OF SUSPENDED LOAD IN SIZE FRACTIONS FS(10) MOD
SHOULD BE PUNCHED IN FORMAT 2F10,0 MOD

IF JIN=2y FB(9) AND FS(9) SHOULD BE PUNCHED IN FORMAT 2F10.0 MOD

IF JUIN=3, THE RANGE OF COMPUTATIONAL SIZE FRACTIONS SHOULD BE M™MOD
SPECIFIED IN ADDITION TO THE PERCENTAGES FB AND FS, MO0

IF THIS OPTION IS CHOSENs DRL(ND)s DRU(ND)es FB(ND) AND FS(ND) M™MOD
SHOULD BE PUNCHED IN FORMAT 4F10,0 MoD
DRL (J) AND DRU(J) ARE THE LOWER AND UPPER LIMITS OF THE SIZE MOD
FRACTION RANGE+ IN MMy RESPECTIVELY. NOTE THAT SIZE FRACTIONS MOD
SHOULD BE PUNCHED IN ORDER OF INCREASING SIZE, MOD
MOD

MOD

COMMON /ALL/ DISCHyUAVEsDEPTHeWsAREAy TEMP 9 XNUsD659sD35+CONC2QSMyDNsMOD
10S MOD
COMMON /ALLBZ D(11)9VS(11)eFB(10)sFS(10)sXMULT(10) 9 JINsJOUToNDsND1MOD
1.ND2 M0D
COMMON /ALLC/ QSP(10)XIBAB(10)sFQL(10) MnD
COMMON /ALLD/ PsAPsAPP(10)»2ZP(10) MOD
COMMON /ALLE/ DRL(11)+DRU(11) MOD
COMMON /CEF/ CJ0(2)+CUl(2)9CU2(2)9CU3(2)9CU(2)+C1(2)+C2(2)+C3(2)+CMOD
14(2) oM MoD

DIMENSION COL16{(10)s COL17(10)s COL18(10)s COLI9(10)s COL20(10)s CMOD
10L21¢10)s COL22(10)s COL23(10)s PSI(10)e PHISH(10) MO0

600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
810
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
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READ (59120) NDATA

DO 119 L=1sNDATA
WRITE (6+125)
WRITE (6+126)
CALL INPUTI
CALL INPUTZ2
WRITF (64127)

MOD
MOD
MOD
MOD
MOD
MOD
MOD

WRITE (6+128) LeDISCHIUAVESDEPTHIWsAREAITEMP 9 XNU+D6S5+D35¢CONC+QMOD

SMeDN9»DS

CALCULATING HYDRAULIC RADIUS#SLOPE RSy PERCENTAGE OF FLOW SAMPLED
PFSe AND SEDIMENT DISCHARGE THROUGH THE SAMPLEN ZONE QSPT

CALL RSCOM (XsRS)
CALL PLATES4 (XsPFSsXKS)
QSPT=QSM#PFS

CALCULATING PSI(J)

DO 102 J=1sND
XPSI=1,65%D35/RS
YPSI=0,66%D(J) /RS
XYPSI=XPSI-YPS]

IF (XYPSI.LT.0) GO TO 101
PSI(J)=XPSI

GO TO 102
PSI(J)=YPSI
CONTINUE

CALCULATING BED LOAD DISCHARGE XIBQB(J) AND PERCENTAGE OF
SUSPENDED MATERIAL IN VARIOUS SIZF FRACTIONS QSP(J)

DO 103 U=1yND
XX=PST (J)
CALL PLATES (XXsYY)
PHISH(J)=YY
XIBAB(J)=43,29W®1200,#PHISH(J)/2.,%D(J)*#],54FB(J)
QSP (JU)=FS(J) #QSPT

CONT INUE

CALCULATING Ps» APRIME AP» AND A DOUBLE PRIME APP(J)

DXKS=30,22X2DEPTH/XKS
P£2,303#AL0G10 (DXKS)
AP=DN/DS
DO 104 J=1sND

APP (J)=2#D(J) /DEPTH
CONTINUE
CALL SDR (NosK)
Nl=Ns+1
NK=N+K

IF K IS GREATER THAN 2, CONTROL BRANCHES TO STATEMENT 30
CALCULATING MULTIPLIERS XMULT(J) s AND ZPRIME ZP(J)

IF (KeGT,2) GO TO 106
CALL MULCOM (KoN1oNKoKK)
M=0

CALL ZPCOM (KK)

MOD
MOD
MOD
MOD
M0OD
800
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
M0OD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD

1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
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105

106

107

108

109

110

112
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DO 105 J=1sND

P (J)=ZP (KK) #XMULT (J)
CONTINUE
GO TOo 110

CALCULATING ZP AND VS ARRAYS TO BE FED TO LEAST SQUARE SUBROUTINE
LSZPVS

CONTINUE
M=0
DO 107 J=N1leNK
CALL ZPCOM (1)
CONTINUE
IF (JOUT.EQR.2) GO TO 108
WRITE (6+121)
WRITE (6+123)
WRITE (69124) (JeZP(J)9VS(J) e J=N1sNK)
CONTINUE
CALL LSZPVS (N1¢NKsKoVSeZPyAsB)
ASEXP(A) N
DO 109 J=1sND
XMULT(J)=0,0
ZP (J)=A®VS (J) #+#R
CONTINUE

CALCULATING SEDIMENT LOAD BY USING MODIFIED EINSTEINS INTEGRAL
CHARTS 9+510+11 AND 12

CONTINUE

IF (JOUT.EQ.2) GO TO 112

IF (KeLTo3) GO TO 111

WRITE (6+122)

CONT INUE

IF (JOUT.EQ.2) GO TO 112

WRITE (69123)

WRITE (69128) (JeZP(J) VS (J) eJs1eND)

CONTINUE

TaL=0

T8L=0

DO 116 I=1sND
XM=APP(])
IM=ZP (1)
IF (FB(I)elLTe0.0leANDFS(I)olLTo0,01) GO YO 114
IF (FB(I)e.LT,0,01) GO TO 113
CALL POLYNML (XMsZMoCOL21(I)9eCOL22(1)sDUM]DUM2)
COL23(1)=PeCOL21(1}eCOL22()1,
FAL(I)=XIBQ@B(I)*=*COL23(I)
coLl6(1)=0,
CoL17(I)=0,
coL18(I)=0,
COL19(1)=0,
coL20(I)=0,
G0 70 115
CONTINUE
CALL POLYNML (AP+ZMoDUM] osDUM2sCOLLI6(I)oCOLLT(I))
CALL POLYNML (XMeZMoDUMI DUMA,COLLB(T)sCOLLIO(I))
COL20(I)=(P#COL1B(I)+COLIS(I))/(P®COLL6(I)«COLIT(I))
FAL(I)=QSP(I)#COL20(I)
coL21(1)=0,

MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
M0OD
MOD
M0OD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
M0OD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MQD
MOD
MOD
MOD

1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
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coL22(1)=0, M0D
CcoL23(I1)=0, MOD

GO TO 115 MOD

114 CONTINUE MOD
FQL(I)=0,0 MON
CoL16(1)=0. MOD
CoL17(1)=0. MOD
coL18(I1)=0, MOn
coLl9(1)=0, MOD
coL20(11=0, MOD
coL21(I)=0, MOD
coL22(1)=0, MOD
coL23(1)=0, MOD

115 CONT INUE MOD
TQL=TQL+FQL(I) MOD
TRL=TBL+XIBGB(I) MOD

116 CONTINUE MOD
TSL=TQL~TBL MOD

MOD

PRINTING OUTPUT M0D

MND

WRITE (6+129) MOD

IF (JOUT.EQ.2) 6O TO 117 MOD

WRITE (6+130) MOD

WRITE (6+131) (JsD(J)9PSTI(J)9PHISH(J) oFB(J) s XIBAB(J) +FS(J)+ASP(MOD

1 J) e XMULT (J) 9ZP (J) s APP (J) s J=1eND) MOD
WRITE (6+132) MOD

WRITE (69133) (JeD(J)9COLLIO(U)»COLLIT(U)9COLLIB(J)COLIG(U)sCOLPOMOD

1 (J)sCOL21(J)+COL22(J) sCOL23(J)sFQL(J) 9J=19eND) MOD

GO TO 118 MOD

117 CONTINUE MOD
WRITE (6+134) MOD

WRITE (6+135) (DRL(J)sDRU(J) 9D (J) sFB(J) s XIBAB(J) oFS(J) «FQL(J) s+ IMOD

1 =14ND) MOD
118 CONTINUE MOD
WRITE (6+136) TBLeTSLTQAL MOD

119 CONTINUE MOD
MOD

FORMAT STATEMENTS MOD

MOD

STOP MOD

M0D

120 FORMAT (IS) MON
121 FORMAT (//+10Xs 41H ARRAYS ZP AND VS BEFORE LEAST SQUARE FIT+/) MOD
122 FORMAT (//+10Xe «0H ARRAYS ZP AND VS AFTER LEAST SQUARE FIT,/) MOD
123 FORMAT (//+10Xs 35H J P (J) VS(J)e/) MOD
124 FORMAT (10Xe11242F12,.6) M0D
125 FORMAT (1HI) MOD
126 FORMAT (40Xs TOHCOMPUTATION OF TOTAL SEDIMENT LOAD BY THE MODIFIEDMOD
1 EINSTEIN PROCEDURE«///) MOD
127 FORMAT (32Xs 10MHDATA INPUTe//) MOD
128 FORMAT (lOXes4HSET 41S9/10Xs 34HWATER DISCHARGE +MOD
1F12.29 13H C.F.S. 9/10Xs 34HAVERAGE VELOCITY MND

2 oF12.29 13H FT,/SEC. o /10Xe 34HHYDRAULIC DEPTH M0OD

3 sFl2.2« 13H FT, 9/10Xs 34HWATER SURFACE WIDTH MOD

4 sFl12.29 13KW FT, 9/10Xs 34HAREA MOD

5 oFl2.29 13H SQ.FT, 9/10Xs 34HTEMPERATURE MOD

6 oF12429 13H DEG.FAHREN, ¢/10Xs 34HKINEMATIC VISCOSITY MOD

7 oF12.79 13H SQFTo/SEC, +/10Xe 34HD6S MOD

2370
2380
2390
2400
2410
2420
2430
2640
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
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8 sF12,69 13H FT, 9/10Xs 34HD3S MOD
9 oFl2.,64 13K FT, 9/10Xs 34HAVERAGE CONCENTRAMOD
*TION oFl2.29 13H PPM, 9/10Xes 36HSAMPLED SUSPENDMOD
“ED LOAD +F12.4¢ 13K TONS/DAY +/10Xy 34HPORTION OF DEMOD
“PTH NOT SAMPLED sF12.2y 13K FT, /10Xy 34HAVERAGE DEPMOD
*TH AT SAMPLING 2Fl2.29s 4H FT,) MOD
129 FORMAT (//) " MOD

130 FORMAT (SXe1HJs11Xe4HD(J) 9 TX96HPSI(J) 9SX9BHPHISH(J) »TXsSHFB(J) e 4XeMOD
18HXIBQRB(J) o TX9SHFS (J) 96Xs6HQSP (J) 94X s BHXMULT (J) o TXeSHZP (J) «S5X 9 6HAPMOD
2P (J) /) MOD

131 FORMAT (4Xs12s4XeF12.69F12.30F12,546F1243+F12,6) MOD

132 FORMAT (//5X9s1HJel1Xs4HD(J) 96X9sBHCOLL16(J) 94XeBHCOLLT (J) ¢4Xs8HCOL1BMOD

1(J) o4 XeBHCOLL19(J) 94X9B8HCOL20(J) 94X 9sBHCOL21(J) s4XeBHCOL22(J) +4XeBHCMOD
20L23(J) 94X 9HCOMP,LOAD /) MOD
133 FORMAT (4XeJ204XsF12,698F12,3+4F12,4) MOD
134 FORMAT (10Xs 84H DRL (J) DRU (U} D(J) FB(J) MOD
1 XIBGEB(J) FS(J) FQL(J) /) MOD
135 FORMAT (l10X+6F12.69F12.3) MOD
136 FORMAT (///+5Xy 34HTOTAL BED LOAD 2Fl6.49 9H TMOD
10NS/DAY+/5Xe 34HTOTAL SUSPENDED BED MATERIAL LOAD +Fl6,4s 94 TONSMOD
2/DAY+/5Xs 34HTOTAL BED MATERIAL LOAD sFl6,40 9H TONS/DAMOD
3v) MOD
MOD

END MOD

2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
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SURROQUTINE INPUT] MOD 3200
MOD 3210

THIS SUBROUTINE READS IN THE BASIC VARIABLES OF THE PRORLEM MOD 3220
MOD 3230

COMMON /ALL/ DISCHeUAVESDEPTHoWsAREAsTEMP ¢ XNU9D65+sD35+CONCoQSMsDNyMOD 3240
10S M0OD 3250
READ (S59101) DISCHeUAVESDEPTHeWoAREAITEMP s XNU9D659D359CONCyQSMIDNeMOD 3260
1DS MOD 3270
RETURN M0D 3280
MOD 3290

101 FORMAT (8F10.0) MOD 3300
MOD 3310

END MOD 3320
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1
1

1

1

1
101

102

103

104

105

106

1
107
108

109
110
111
112
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SUBROUTINE INPUTZ2

THIS SUBROUTINE REANS IN ADDITIONAL INPUT AND FINDS THE VALUE OF
NDs THE NUMBER OF SIZE FRACTIONS TO BE USED IN THE COMPUTATION

MON
MOD
MOD
MOD
MOD

COMMON /ALL/ DISCHyUAVEsDEPTHoWsAREAsTEMP s XNUsD6ES9D35+CONCeQSMeDNeMOD

DS

MOD

COMMON /ALLB/ D(11)9VS(11)eFR(10)sFS(10) s XMULT(10) 9+ JINsJOUT+NDsNDIMOD

+ND2
COMMON /ALLE/Z DRL(11)sDRU(IL)

M0OD
MOD

DATA (DRL(J)9J=1+11)/04002¢0.,0156+0,002+0,062590,125+0,25090,500«1M0D

+000+2.000+4,000¢8,000/

MOD

DATA (DRU(J) 9J=1911170401569040625+0,062590612590,250¢0,500+1,000+M0D

2:000¢4,000+8,000416,000/

READ (5+109) JINsJOUT

IF (JUIN,EQ.3) GO TO 106

D0 101 J=ls1ll
D(J)=(DRL(J)#DRU(J) I} ##0,5/306,8

MOD
MOD
M0OD
MOD
MOD

VS(U)S((26/3.%32,17%1,658D(J) 823,436, XNURR2,)#20,5-6,%XNU)/D(JMOD

)
CONTIMUE
ND1=10
ND2=9
1F (JIN.EQ,2) GO TO 103
DO 102 JU=3sND1
DtJY=D(Jel)
VS(J)=VS(J+1)
CONTINUE
ND=MD1
GO TO 105
DO 104 U=1.ND2Z2
D(J)=D(J+2)
VS (J)=EVS(J+2)
CONTINUE
ND=ND?2
CONT INUE
READ (5+110) (FB(J)eFS(J)esJ=19ND)
GO TO lo8
CONTINUF
READ (5+111) ND
READ (5+112) (DRL(J) 9DRU(J) +FB(J) 9FS(J) sJ=1sND)
N0 107 U=1eND
D(J)=(DRU(J)®DRL(J))*#2#0,5/304,8

MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MQOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MQOD
MOD
MOD
MOD
MOD
MOD

VS(JU)Z((247/3.%32,1721,65%D(J)#83,036,8XNU##2,)#80,5=6,%XNU) /D (JMOD

)
CONTINUE
CONTINUE
RETURN

FORMAT (2I1)
FORMAT (2F10,0)
FORMAT (1)
FORMAT (4F10.,0)

END

MOD
MOD
MoD
MOD
M0OD
MOD
MOD
MOD
MOD
MOD
MOD

3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
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SUBROUTINE RSCOM (Xe¢RS)

THIS SUBROUTINE COMPUTES THE VALUE OF RS BY ITERATION

85

MO0
MOD
M0D
MO0

COMMON /ALL/ DISCHyUAVEsDEPTHsW9sAREA» TEMP ¢ XNU+sD6S+D359CONCsQSMeDNyMOD

1DS :

X=1,6

TOL=0,001

XKS=065
XDKS=12,27T%X*DEPTH/XKS
SRRS=SUAVE/ (32.,63%#AL0G10(XDKS))
USHP=SRRS®5,68
DEL=11.6%XNU/USHP
DELKS=XKS/DEL

CALL PLATE3 (DELKSeX?2)
DELX=X=X2

IF (ARS(DELX).LT,TOL) GO TO 102
X=x2

GO TO 101

CONTINUE
XDKS=12,274X4DEPTH/XKS
SRRS=UAVE/ (32,63%#AL0G10 (XDKS))
RS=SRRS#SRRS

RETURN

END

MOD
MOD
MOD
MOD
MOon
MoD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
M0OD
MOD
MOD
MOD

3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
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SUBROUTINE PLATE4 (XePFSeXKS)

THIS SUBROUTINE SUBSTITUTES PLATE FOUR FOR THE ANALYTICAL
EXPRESSION OF PFS

MDD
MOD
MOD
MOD
MOD

COMMON /ALL/ DISCHeUAVEIDEPTHeWsAREA Y TEMP 9 XNU9D6S9D35sCONCoQSMeDNoMOD

10s

XKS=D65

Az30,2%X/XKS
YDS=DS#ALOG (A#DS) ~DS
YON=DN#ALOG (A#DN) ~DN
PFS=(YDS=-YDN)/YDS
RETURN

END

MOD
MO0
MOD
MOD
M0D
MOD
MOD
MO0
MOD

4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
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102

103
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SUBROUTINE SDR (NeK) MOD

MOD
THIS SUBROUTINE COUNTS THE NUMBER OF SIZE FRACTIONS K FOR WHICH M00
THERE IS BOTH BED AND SUSPENDED DISCHARGEs. AND THE NUMBER OF SIZE MOD

FRACTIONS N SMALLER THAN FIRST K, MO0

MOnD
COMMON /ALLB/Z D(11)eVS(11)oFB(10)oFS(10)eXMULT(10) s JINsJOUTsNDsNDIMOD
1eND2 - MO0
J=0 MOD
K=0 MO0
N=0 MOD
CONTINUE MOD
IF (FB(J41) oGT0,00,ANDFS(J*+1)+GT,0,00) GO TO 103 MOD
IF (K NE,0) GO TO 102 MO0
N=Ns1 MOD
J=Jel MND
IF (JLEQ.ND) RETURN MO0
GO TO 101 MOD
CONTINUE MOD
K=Ke] M0OD
J=del MND
IF (J+EQND) RETURN MQD
GO TO 101 MOD

M0D

END MOD

4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
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SUBROUTINE LSZPVS (N1 sNKeKoeXeYsAsB)

THIS SUBROUTINE CALCULATES A LEAST SQUARE FIT FOR ZPRIME ZP(K)

VS (K)

DIMENSION X(11)s Y(10)

SUMX=0,

SUMY=0,

SUMXY=0,

SUMX2=0,

DO 101 U=N1sNK
XL=ALOG (X (J))
SUMX=SUMX ¢ XL
YL=ALOG(Y(U))
SUMY=SUMYe+YL
XY=XL#YL
SUMXY=SUMXYe XY
X2=XL*XL
SUMX2=SUMX2+X2

CONTINUE

XMEAN=SUMX /K

YMEAN=SUMY/K

B= (SUMXY=SUMX®SUMY /K) / (SUMX2=SUMX#SUMX/K)

ASYMEAN-B#XMEAN

RETURN

END

MOD
MOD

ANDMOD

MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MO0
MOD
MOD
MOD
MOD
MOD
MOD
M0OD
MOD
MOD
MOD
MOD
MOD
MOD
MOD

4540
4550
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
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102

103
104

105
106

107

108

89

SUBROUTINE MULCOM (KeN1oNKosKK)

THIS SUBROUTINE CALCULATES THE MULTIPLIERS XMULT(J))

MOD
MOD
MOD
MOD

COMMON /ALLB/ D(11)9VS(11)9FB(10)+FS(10) e XMULT(10)9sJINsJOUTyNDyND1IMOD

1sND2
DIMENSION SBS(9)
IF (K.EQ.0) GO TO 106
IF (K.,EQ.,2) GO TO 101
KK=N1
GO TO 104
CONTINUE
DO 102 U=N1sNK
SBS (J)=FB(J)+FS (Y}
CONTINUE
IF (SRS(N1).GT.SBS(NK)) GO TO 103
KK=NK
GO TO 104
KK=N1
CONTINUE
DO 105 JU=1+ND
XMULT(U)=(VS(J)Z/VS(KK))##0,7
CONTINUE
GO TO 107
WRITE (60108}
CONTINUE
RETURN

FORMAT (10Xe 97THBECAUSE NO SIZE FRACTION CONTAINS BOTH BED
1PENDED DISCHARGEs RESULTS COULD NOT BE OBTAINED)

END

MOD
MOD
MOD
MOD
MOD
MOD
MOD
MO0
MOD
MOD
MOD
MOD
MOD
MO0
MOD
MOD
MOD
MOD
MO0
MOD
MOD
MOD
MOD
AND SUSMOD
MOD
MOD
MOD

4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950
4960
4970
4980
64990
5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
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SUBROUTINE PLATEB (XsY)
THIS SURROUTINE APPROXIMATES PLATE 8 BY A LINE IN LOG-LOG PAPER

Y==0,33%AL0G10(X)+]1,08
RETURN

END

Mon
MOD
MOD
M0OD
MO0
Lo ])]
MoD
MOD

5130
5140
5150
5160
5170
5180
5190
5200
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SUBROUTINE ZPCOM (J)

THIS SURROUTINE COMPUTES ZPRIME ZP BY ITERATION
FIRSTy ATRIAL VALUE OF ZP IS CALCULATEDs AND THEN, WITH ANOTHER
TRIALs A LINEAR INTERPOLATION IS MADE., CONVERGENCE IS VERY FAST,

MOD
MOD
MOD
MOD
MOD
MOD

COMMON /ALLB/ D(11)sVS(11)9FB(10)sFS(10)sXMULT(10) ¢JIN»JOUT«NDsNDIMOD

1oND2
COMMON /ALLC/ GSP(10)XIBQAB(10)FQL(10)
COMMON /ALLD/ PoAPsAPP(10)+2P(10)
XM=APP (J)
RQSP=QSP(J) /XIBQB(J)
CALL PLATES8 (RQSPeZTRY)
STEP=0,01
KOUNT=0
IF (JOUT.EQ.2) GO TO 101
WRITE (69+106)
101 CONTINUE
102 CONTINUE
KOUNT=KQUNT 1
IF (KOUNT.GT,.10) GO TO 104
CALL POLYNML (XMsZTRYSXILPP+DUM]1 s XJ1PP+sDUM2)
CALL POLYNML (APsZTRY.DUM3yDUM&sXJ1PsXJ2P)
CRQASP=XT1PP/XJLIPP# (PRXJIP+XJ2P)
DCRQ@=CRQSP=RQGSP
IF (JOUT.EQ.2) GO TO 103
WRITE (6+9108) KOUNT+ZTRYsRQSP+CRQSP+DOCRQ
103 CONTINUE
TOL=0,01%*RQSP
IF (ABS(DCRQ) .,LT.TOL) GO TO 105
IF (CRQSP.LT.RQSP) ZTRY1=ZTRY=STEP
IF (CRQSP.GT.RQSP) ZTRY1=Z2TRY+STEP
CALL POLYNML (XMeZTRY1oXI1PPsDUMlsXJ1PPsDUM2)
CALL POLYNML (APsZTRY19sDUMIoDUM&Gs XJL1P s XJU2P)
CRQSP1=XI1PP/XJLIPP® (PEeXJLlPeXJ2P)
TEMP=(RQSP=-CRQSP)eSTEP/ (CRQSP1~CRQSP)
IF (CRQSP.LT.RQSP) ZTRY=ZTRY=TEMP
IF (CRQSP.GT,RQASP) ZTRY=ZTRYTEMP
GO TO 102
104 CONTINUE
WRITE (6-107)
105 CONTINUE
ZP(J)=2TRY
RETURN

106 FORMAT (//+10Xs 7S5H CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY

MOD
MOD
MOD
M0D
MOD
MOD
MO0
MOD
M0D
MOD
MO0
MO0
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MQD
MOD
MOD
MOD
MO0
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MO0
[ Je]]
MOD
MOD
MOD
MOD
MOD

1PRINTING OUT VALUES INVOLVED¢//919XsSHITER.sSX9SHZTRY +6X+4HRQSP+8MOD

2X +SHCRQSP»TX ¢ 4HDCRQ)

107 FORMAT (/10Xs T6HZPCOM DOES NOT CONVERGE WITH 10 ITERATIONSe LAST
1VALUE OF ZP(J) WwILL BE USED./)

108 'FORMAT (/10Xs112¢4F12,5)

END

MOD
MOD
MoD
MOD
MOD
M0oD

5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
5480
5490
5500
5510
5520
5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730



OO0

101
102
103
104
105
106
107
108
109

110

112
113
114
115

116
117

SUBROUTINE PLATE3 (X»Y)
THIS SUBROUTINE APPROXIMATES

IF (X4LE.0.,40) GO TO 101

G0 TO 102
Y=1,769%AL0G10(X/0,080)

60 TO0 117

IF (XeGToe0o40,ANDoXoLEc0+56)
GO TO 104
Y=1,495%AL0G10(X/0,059)

GO Tu 117

IF (XoGTe0s56.AND X LEL0.T76)
G0 TO 106
¥Y=0,92%ALL0G10(X/0,0145)

GO TO 117

IF (XeGTo0o766ANDXoLE.0.96)
GO TO lo08
Y=0,292%AL0G10(X/2.,9E=-06)

G0 TO 117

IF (XeGTe0s96.ANDoXoLEs1435)
GO TO 110
Y=0,277*AL0G10(632000,0/X)
GO TO 117

IF (XeGTele35.ANDoXoLE«3.00)
GO TO 112
¥=1,115%AL0G10{(34,4/X)

GO TO 117

IF (XeGTe3s00,ANDXeLE<%4,00)
GO TO 114
Y=0,725%AL0G10(128,0/X)

GO TO 117

IF (XeGTe4,00,ANDeXoLE«6470)
GO TO 116
Y=0,399#AL.0G10(2160,0/X)

GO T0 117

IF (XeGTe6,70) Y=1,0

RETURN

END

92

PLATE

60

GO

GO

GO

GO

GO

GO

T0

T0

T0

T0

T0

T0

T0

3 BY A SERIES OF EQUATIONS

103

108

107

109

111

113

115

MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MoD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MO0
MOD
MOD

~ MOD

MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MQD

$740
5750
5760
5770
5780
5790
5800
5810
5820
5830
5840
5850
5860
5870
5880
5890
5900
5910
5920
5930
5940
5950
5960
5970
5980
5990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130



s NeNeXel

A

SUBROUTINE PLATES (XeY)

THIS SUBROUTINE APPROXIMATES PLATE S BY A SERIES OF EQUATIONS

93

IF (XoLE«0o,77) Y=(T7,56/X)u%],01

IF (XeGTe0e77.ANDoXoLEe2,12)
IF (XeGTe2012.ANDoX4LEe4.10)
IF (XeGTe@,10,ANDeXoLE.6,10)
IF (XeGTe6s10,ANDX,LEs11,0)
IF (XeGToelle0oANDXoLES16,7)
IF (XeGT.16,T.ANDX,LEL22,5)

Y=(5,35/X)%#],16
Y2(4,10/7X)%2],67
Y=(4,10/X)%*22,30
Y= (4,60/X)®*%3,23
Y=(5,66/X)%%4,26
Y2(9,28/X)%%T7,81

IF (XeGTe22.5) Y=(13.10/X)®212,66

RETURN

END

MOD
MOD
MOD
Mon
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD

6140
6150
6160
6170
6180
6190
6200
6210
6220
6230
6240
6250
6260
6270
6280
6290



OOOOOOO

101

102

103

94

SUBROUTINE POLYNML (AsZoeXIloeXI29XU1leXU2)

THIS SUBROUTINE COMPUTES THE VALUE OF THE INTEGRALS FROM MODIFIED
EINSTEINS PLATES NINE TO TWELVE. THE VALUES IN THE FORMAL PARA-

METERS ARE ARRANGED IN THE FOLLOWING ORDER INPUT As
OUTPUT PLATE NINEs OUTPUT PLATE TWELVEs OUTPUT PLATE TEN.

PLATE ELEVEN

MOnN
MO0
MOD
MOD
M00
MOD
MOD
MOD

COMMON /CEF/ CJU0(2)sCJL(2)9CU2(2)9CU3(2)eCU(2)9C1(2)eC2(2)+C3(2)+CMOD

14(2) oM

{S=0

X1=0,

x2=°.

IF (A.GE.0,0050,0R,Z+,GE.0,8) GO TO 101
Al=A

A=0,0050

1S=1

CONT INUE

IF (M,EQ.0) CALL COEF (A)
DO 102 I=1+2

CJI(I)=10,#8(CL(I)*C2(1)#2+C3(1)®Z24ZeCh(])8Z0a3)
IF (IS.NE.1) GO TO 103

DAC=0,005

CALL SIMPSON (Al+sDACeZosX1eX2)

A=Al

CONTINUE

FACT=0,216%A%#(2=-]1,)/(l.-A) 87
XJ1l=X1+CJ (1)

XJ2=X2=CJ(2)

XI11=FACT#XJUl

XI2=FACT#XJ2

RETURN

FND

MOD
MOD
MOD
MOD
MOD
MOD
MOD
MO0D
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOD
MOnN
MOD
unn
MOnN
MO0
unn
MOD
MO0D

6300
6310
6320
6330
6340
6350
6360
6370
6380
6390
6400
6410
6420
6430
64640
6450
6460
6470
6480
6490
6500
6510
6520
6530
6540
6550
6560
6570
6580
6590
6600
6610
6620
6630



95

SURROUTINE COEF (A) MO0
COMMON /CEF/ CJO0(2) 9CULl(2)4CU2(2)+CU3(2)9CU(2)+C1(2)eC2(2)+C3(2)+CMOD
16(2) oM MO0
AP=ALOG (A) MON
CL1=1.-A MOD
CL2=A=1,=A%AP MOD
CJO(1)=ALOGl0O(CLY) MOD
CJ1(1)=ALOGLlO(=CL]1=AP) MOD
CJ2(1)=ALO0G1O0(l,/7A42,#AP=A) MOD
CJ3(1)=ALOG10().5¢A~3,/A+0,5/(A%A)=3,%AP) uno
CJO(2)=ALOGLlO(=CL2) MOD
CJ1(2)=ALOGLO (= (~CL?2=-AP%®#2/2,)) MOD
CJ2(2)=ALOGLO0(=(=2.+(1e+8P)/A+A® (] ,~AP)eAP®®2)) MOD
CJU3(2)=ALOGI0(=(3,75+ (AP +0.5)/(2.%A%A)=3,/A%(1,4AP)+A% (AP=1,)=1,54M0D
1apea2)) MOD
DO 101 1=1,2 MOD
Cl(Iy=Cuo(I) MOD
C2(1)==1,R333342CJ0(I)+3,28CJUY(1)=1,52CU2(1)+0,33334CU3(1) MOD
C3(I)=(2.%CU0(I)=S.2CUL(T)+4,2CI2(1)=CY3(1)) /2. voD
Ce(I1)=(=CU0(1)+3,#CUL(I)=3,%CU2(1)+CU3(I))/6. MOD

101 CONTINUF MO0
RETURN MOD
M0D

END MOD

6640
6650
6660
6670
6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
6790
6800
6810
6820
6830
6840
6850
6860
6870



101

102

103

104

96

SUBROUTINE SIMPSON (XMeXCeZeXJleXJ2)

DIMENSION YI1(Sl)s YI2(51)

SUMI=0,

SUMJ=0,

XA=50,0

XIl=0-

X12=0,

XM1=0,1

INDI=0

IF (XM],GT,XC) XMl=XC/10,

IF (XM1.LE.XM) INDI=1

IF (INDI.EQ.1) XMl=XM

DX1=(XM1=XC)/XR

NXB=XB+1l,1

DO 102 I=1+NXB
XI=1]
X=XCs (XI=1,)®DX]
YI1(I)=((le=X)/X) 002
YI2(1)=YI1(I)®*ALOG(X)

CONTINUE

NXRl1=NXR=2

DO 103 1=1+NXBle2
SUMI=SUMI* (YT (I)+4,2YI1(I*]1)eYI1(]e2))
SUMJ=SUMJS (YI2(1) 4 ,®YI2(Iel)eYI2(I+2))

CONT INUE

XIl=XTleSUMI®DX]1/3,

XI2=X12+SUMJ*DX]1/3,

IF (INDT.EQ.1) GO TO 104

XCaXM]1

XMl=XM1/10,

SUMI=0,0

SUMJ=0,0

GO 70 101

CONTINUE

XJdl==XI1

XJ2==xle

RETURN

END

NOD
MOD
MOD
vnn
Voo
MOD
MOoD
MOD
MOD
“0D
MOD
voD
won
MOD
oD
MOD
MOD
MOD
“oD
MOD
MOD
MO0
MOD
MOD
L)
voD
MOD
MND
wnD
MOD
MOD
MOD
MOD
oD
oD
“oD
wnD
oD
MOD

6880
6890
6900
6910
6920
6930
6940
6950
6960
6970
6980
6990
7000
7010
7020
7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7260
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