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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-Load 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) 
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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 n50 , the 

median size, and cr, 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 IS. 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. 
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of a group of variables necessary to specify a problem, as detailed 

below. 

NDATA 
-} 

t I . 
~=M:T;lf- FORTRAN STATEMENT ...... ;CA,. ... 
-· § . 1.11 .. ,D-,filT ooTITiloTn ·1 D 0 0 D 0 0 •• D 0 0 3 0 0 D 0 ' D 11. 11 0 8 I D 0 a I D 0 • 0 • I D 0 D 0 I • 0 0 I • 111 I I • I I • a I 0 

1: J i • I ' I • ' II 11 11 11 ,, IS II II II 11 n II ll 11 24 1~ ?I 11 ?1 !I :a 11 l1 n J4 n l1 !I ll l1 ·~ •1 Cl 0 .. t$ •• 41 ct H u SI S1 u w D w S1 ll 51 n II a a .. •• n ••• !' ,, ,. K "IJ ,. ". 
1:1111111111111111111111 1 1111111111 AT 11111111111111111111111111111111111 
, ~ E~ 

2:22222222222222222222222222222?2 0. <,,~RVlc~ A., 222222222222222!2!22222222?22222 : 0 . ~\\111//~ • -i; ,, 

13!3 3 l l 3 3 3 l 3 3 3 3 3 3 3 3 3 • 3 ; 3 J J J J J 3 l 3 ~ o~ ~'i#.- ~ o ~ -· 3 l J 3 3 3 l 3 3 J 3 3 J 3 3 3 3 J J 3 3 1 l l J l 1 J 1 3 : . ~~ ~~ . 
14:4 444 "c c c 44 44 c 44 " c 4 4 c ' 44 " ' ' 0 <( ~ ':J) u 4 44 44" 4 '4 44 44 4C 44 44 44' 44 c " ', 

I ~U ~-
' 5!5 5 5 5 5 5 5 s s s 5 s 5 5 5 s s s s 5 5 s s 5 s s s 5 s o0?o~ :1~. .~; s s s s s s s s s ~ 5 s 5 s ss s s 5 ~ n s s s s s s s s s j 
1:u' & & 6' 511'''' Ii''''''''' 6 515' 6 ·~CSEA~c+. 6 s ""'II'' Ii' G 11.1''' 111'" ''' ''' 
J ! 1 J 1 J J 1 1 1 1 1 1 1 1 1 J 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 • I s70 • 1 J 1 1 J J J J J J J J 1 J J J J 1 J J J J J J J J J J J J J J 7 1 7 
, UNIVERSITY COMPUTER CENTER 

1:1 I I I I I I I I I I I I I I I I I I 11 I I I ! I I I I I I I I I I I I I I 1111 I I I I I I I I I I I I 111 C 11 I I 11IIIII11111 I I I I 
' I 

S:Sttt9SSllllS19111191999999991919991191999tllltl911111999999999919199911!9!!9!19 J 
11 J J ' s ' ' I t " 11 u IJ It II II 11 It It n ti Jl u l4 n " n n 1t lt JI u n I' lS • fl ,. ,. 0 u 4l u .. u • ff .. ti "SI It u w " K Sl SI H II I I l1 n ... H 1111 " g !I " nln ,, ~ !I " II " n ,r, . 

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

be punched in format 8Fl0.0. A set of input data consists of the 

following variables relat i ng to the f l ow in a cross-section. 

VARIABLE FORTRAN NAME UNITS 

1) Water Discharge DISCH cubic ft. per sec. 
2) Average Velocity VELAV ft. per sec. 
3) Hydraulic Depth DEPTH ft. 
4) Water Surf ace Width w ft. 
S) Energy Gradient SS ft. per ft. 
6) Kinematic Viscosity RMU sq. ft. per sec. 
7) Median Bed Material Size DSOM millimeters 
8) Gradation Coefficient SIGMA no units 
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DISCH VELAV DEPTH w SS RMU DSOM SIGMA 
+ + + + + + + + 

4.50 1.00 0.00075 0.0000115 1.00 3.00 
I I I 

FORTRAN STATEMENT 

Output consists of the input variables and the calculated quantities in 

five columns, as follows: 

1) Fraction Number 
2) Geometric Mean Size, in nnn. 
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. 



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

WATER DISCHARGE 
AVERAGE VELOCITY 
HYDRAULIC DEPTH 
WATER SURFACE WIDTH 
ENERGY GRADIENT 
KINEMATIC VISCOSITY 
MEDIAN BED MATERIAL SIZE 
GRADATION COEFFICIENT 

25.00 c.F.s. 
S.55 FT./SEC. 
4.50 FT. 
1.00 FT. 

.0007500 FT.IFT. 

.0000115 SQ.FT.ISEC. 
leOO MM. 
3.00 

FRACTION 
NO. 

GEO MEAN SIZE 
(MM) 

BED LOAD 
<TONS/DAY) 

SUS BED MAT LOAD 
<TONS/DAY> 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

.19999 

.31036 

.47116 

.65151 

.86929 
1.15036 
1.53489 
2.12240 
3.22206 
s.0001s 

TOTAL BEO LOAD 

.00055 

.01303 

.14905 

.70281 
1.84360 
2.82378 
3 .,27829 
3.31282 
2.44739 
1.17852 

TOTAL SUSPENDED BED MATERIAL LOAD 
TOTAL BED MATEPIAL LOAD 

15.7499 
2.3498 

18.0997 

.00767 

.03579 

.13625 

.44072 

.86016 

.71100 

.15823 
0.00000 
0.00000 
0.00000 

TONS/DAY 
TONS/DAY 
TONS/DAY 

BED MAT LOAD 
<TONS/DAY) 

.00822 

.04882 

.2P.531 
1.14353 
2.70377 
3.53478 
3.43652 
3.31282 
2.44739 
1.17852 

V1 
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1.2 Fortran Names for Input and Output Variables 

INPUT 

Water Discharge 
Average Velocity 
Hydraulic Depth 
Water Surface Width 
Energy Gradient 
Kinematic Viscosity 
Median Bed Material Size 
Gradation Coefficient 

OUTPUT 

Fraction Number 
Geometric Mean Size 
Bed Load 
Suspended Bed Material Load 
Total Bed Material Load 

DISCH 
VELAV 
DEPTH 
w 
SS 
RMU 
D50 
SIGMA 

I 
X(I) 
BD(I) 
SD(I) 
TSD(I) 



II. STRANS 

(Mahmood's Bed Material Transport Function) 



8 

2.0 Introduction 

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 transport function is designed for five size fractions. Program 

STRANS provides a choice of 1, 5 or 10 size fractions, depending on the 
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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 n50 and the gradient coefficient a 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 2Il0. 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=ll, the number of size fractions 

is 10. JJ is an output indicator. If JJ=l, 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. Vis the average velocity in ft. per sec., Dis the hydraulic 

depth in ft., SE is the energy gradient in ft. per ft., VNU is kinematic 

viscosity in sq. ft. per sec., n50 is the median bed material size in 

mm., SDD is the gradation coefficient sigma. 
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Following is an example of the input logical record. 

NN 

+ 
1l 

JJ 

+ 
,,__ ________________ _ 

D 

FORTRAN STATEMENT 

SE 
+ 

VNU 

+ 
050 

+ 
SOD 
+ 

o. 00021 · · o.-oooiffo9,f~---1:-so ·-- l 
I I I , __ F_Q_RT ___ R__,/!t;-.. -fM-, _S_T.,.__A_TE--,..·-ENT~-----1 -•T1nc•n011 I 

--------·- ·--·-------"· 

I 
I 
I 
I 
I 
I 

I 

I 
I 

A Sample output follows. 



COMPUTATION OF TOTAL BED MATERIAL DISCHARGE BY MAHMOOOS TRANSPORT FUNCTION 

AVERAGE VELOCITY 
HYDRAULIC DEPTH 
WATER SURFACE WIDTH 
ENERGY GRADIENT 
KINEMATIC VISCOSITY 
MEDIAN BED MATERIAL SIZE 
GRADATION COEFFICIENT 

4.ll FT./SEC. 
10.20 FT. 

1.00 FT. 
.0002100 FT.IFT. 
.OOOOlOq SQ.FT./SEC. 

.25 MMo 
· 1.so 

FRACTION-WISE VALUES OF COMPUTATIONAL PARAMETERS ARE AS FOLLOWS 
F NO. SIZE-FT ETA><DM /0 ROUSE NO. PARAH. Al PARAH. Bl PARAH. Cl PARAM. Dl 

l • HlE-02 .334E-03 • .200E•Ol .417E-02 -.233E-02 • 71,BE •O I .151E-06 
2 .126E-02 .247E-03 .158E•Ol .522r.-02 -.28IE-02 .718E+Ol .261E-05 
3 .108E-02 .212E-03 .138E+Ol .648E-02 -.331E-02 .718E•Ol .lllE-04 
4 .960E-03 .l88E-03 .122E+Ol .819E-02 -.395E-02 .718E+Ol .338E-04 
5 .863E-03 .l69E-03 .109E•Ol .107E-Ol -.481E-02 .718E•Ol .900E-04 
6 • 779E-03 .153E-03 .973E•OO .145E-Ol -.606E-02 • 718E•O I .227E-03 
7 .701E-03 .137E-03 .855E+OO .209E-Ol -.802E-02 .718E+Ol 0 574E-03 
8 .622E-03 .122E-03 .730E+OO .329E-Ol -. ll5E-Ol . 718E+O l . l56E-02 
9 .533E•03 .105E•03 .586E•OO .610E-Ol -.191E-Ol .718E•OI .5111'-02 

10 .394E-03 .77JE-04 .360E+OO .lqlE+OO -.518E-Ol • 718E+Ol .3511'-0l 

FRACTION-WISE ANALYSIS IS AS FOLLOWS 
F NO. SIZE•MM FALL VF.:L ROUSE NO. CRIT .SHEAR WEIGH.FACT DEL.SUSP. DEL. BED 

l .520E+OO .210E•OO .200E+Ol +557E-02 .958E+OO o893E-03 .736E-03 
2 .385E+OO .l66E•OO .l58E•Ol .460E·02 •. 966E+OO .121E-02 .5121'-03 
3 .330E+OO I .144E+OO \ .138E•Ol .418E-02 +969E+OO .165E-02 0 424E-03 
4 .293E•OO .129E+OO .122E•Ol .J87E-02 .971E•OO .234E-02 .366E-03 
5 .263E+OO .115E+OO .109E•Ol .369E-02 .972E•OO .349E-02 .321E-03 
6 .238E•OO .I02E+OO .973E•OO .359E-02 .973E+OO .556E-02 +282E-03 
7 .214E•OO .898E-Ol .855E•OO .350E•02 .974E+OO .966E·02 .247E·03 
8 .190E+OO .767E•Ol .730E•OO .340E·02 +975E•OO .1qoE-Ol .212E·03 
9 .163E•OO .616E•Ol +586E•OO .327E•02 .976E•OO .471E-Ol .174E·03 

10 .120E+OO .378E•Ol .360E+OO .303E-02 .977E+OO .245E•OO .1 17E·03 

F NO. SIZE-FT PERCENT FINER THAN SIZE-MM PPM IN FRAC PPM IN FINER THAN 

l .171E·ll2 100.00 .520 .918E+02 .l91E+05 
2 .126E·02 99.52 .385 •'HOE+02 .1qoE+05 
3 .108E-02 99.0l .330 +117E+03 .l89E+05 
4 .960E•03 98.40 .293 .152E+03 .188E+05 
5 .863E·03 97.60 .263 .215E+03 .187E+05 
6 .779E·03 96.48 .238 .329E+03 .184E+05 
7 .701E-03 94.76 .214 .559E•03 .1RIE+05 
8 .622E·03 91.83 .190 .108E•04 .176E•05 
9 +533E·03 86.16 .163 .266E+04 .l65E+05 

10 .394E·03 72.23 .120 .138E+05 .l38E+05 

FOR B.M. TRANSP. 084>< .1541 MMt D50= .0842 MM Dl6a .0460 MM ANO SIGMA= 1.8311 

INTEGRAL I INTEGRAL .J 

.273E+Ol -.397E+Ol 

.173E•Ol -.235E+Ol 

.142E•OI -.185E+Ol 

.li?5E+Ol -.156E+Ol 

.112E•Ol -. l36E+O l 

.l03E+Ol -.li?OE+Ol 

.956E+OO -.1 07E+Ol 

.892E+OO -.951E+OO 

.838E+OO -.838E +OO 

.797E+OO -.702E+OO 

FRAC.IN GS FRAC.tN 118 

.266E-02 .217E+OO 

.360E-02 • l 51E•OO 

.4q1 E-02 .125E+OO 

.6q6E-02 .108E+OO 

.I04E-Ol .947E-Ol 

.l66E-Ol .832E-Ol 
+2R8E-Ol .728E-Ol 
.567E-Ol .625E-Ol 
.140E+O O .513E-Ol 
.729E+OO .346E•Ol 

DEL. TAU 

.958E+OO 

.966E +OO 

.969E+OO 

.971E•OO 

.972E+OO 

.973E+OO 

.974E+OO 

.975E•OO 

.976E•OO 

.977E+OO 

FRAC.IN GT 

.4ROE-02 

.507E-02 

.611E-02 

.1q1E-02 
+ l12E-Ol 
.172E-Ol 
.2q2E-Ol 
.567E•Ol 
.}3qE+OO 
.722E+OO 

I-" 
I-" 
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2.2 Fortran Names for Input and Output Variables 

INPUT 

Input Indicator 
Output Indicator 
Average Velocity 
Hydraulic Depth 
Energy Gradient 
Kinematic Viscosity 
Median Bed Material Size 
Gradation Coefficient 

OUTPUT 

Geometric Mean Size in a 
fraction in ft. 

Geometric Mean Size in a 
fraction in mm. 

Dimensionless Distance from 
Mean Bed 

Rouse Number 

Parameters of Computation 
(see reference [3]) 

Integral I and J 
(see reference [3]) 

Percent finer than specified 
size fraction by weight 

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

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

NN 

JJ 

v 
D 

SE 
VNU 

DSO 
SDD 

DM 

DMM 

ETA! 

H 

Al, Bl, Cl, Dl 

XIl, XI2 

PFG 

PPMF 

PPMFT 



III. COLBY 

(Colby's Bed Material Load Method) 
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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 concentration (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 variabl~s were 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 IS. 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. 

NDATA 
~ 
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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. 

1) 
2) 
3) 
4) 
S) 
6) 

v 
+ 

VARIABLES 

Average Velocity 
Hydraulic Depth 
Water Surface Width 
Temperature 
Median Bed Material Size 
Fine Material Concentration 

D 
+ 

w 
+ 

TF 
+ 

FORTRAN NAME 

DSO 
+ 

v 
D 
w 
TF 
DSO 
FML 

UNITS 

ft . per 
ft. 
ft. 
OF 
mm . 
ppm 

sec. 

ca:~J~I 4i 1.4.. _234; ?Oi 0 OD 32 i ooo_o_M.. ______ ___, 

r.«m:: ~I FQRT'~~N SJ'lj A "t•EMENT '"''"''"e.r•o• 
flt'jt.08!.lt 1i1 . 

o.oa o o !Q',o ce o a a fo o a o a o o o o ·a o ·o 11 o U-0-c o g n f o · o ·o o o as n o o o o n a o a Illff · o o c o o a o o o o o o o o c o 010 o o c o o o o 
':1 i ' i I' I' • ' tt 11 n n w n 11 11 ·1 11n11 n :'1 H n ~ :' n H r. 11 :; n w ! ~ u ;1 ll H '-' •1 u o u oft'''' o w ~1 u u ~ H v !I SI tt If 11uat4"N''11 u 11 n nlln u n n n 11 tt n 
1;1111 111 1111 11111 111111111111111111 ~11ll11!111111 .1111l.1 111111 1 111 111111 

. ~~~~ 2:220 22 z z 2 2 2 2 22 2 2 2 2 2 212 2 2 2 2 2 2 2 2 2 2 o/.~"":.~.;~~E.;-{"'?.·\ 2 2 2 2 2 2 2 22 2 z z 22 22 2122 n 22
1

2212 2 z z 2 : . 0 ~. ~ ~111111,~,-: • -1;.'\"L.'\..: 
i~ 133111111R • 111111i10 J Ill3131 \'f;~ .o_"':;~~o~~ 1311111311111111111111.113l3J!1 

. : •• c • c ... ca • • n c c c .. • H m ~ • • • c • , ,o ·~< ~ '°I" •" " "• " "" " "' ""' " "" ' ·..J 0 . ,_, __ 

s;s s s s s s s s s s s s s s s s s s s s s s s s s s s s s. ·.o ?o~. :I- ~.:; · s s s s s s n s ~ s s s s s s s s s s s s s s s s s ss s s 1 

I . ~~ ~ 
5;u 66 6 GI U 6 I 66 6 6E 6 6 6 6 6 6 66 ES 6 6 E 6S ''>.. ·~~SEA~c, '6 65 6 6 6 S 6 6 6 6 6 66 '6 6 I 6 I I 6 6 6 G 6 6 6 6 £ 6 

lh l 1 1 1 111111 1 11 111111111 7 l l l l 7 I l l 11 • I S 70 • 7 l l 7 111 7 1 7 l J J l l I l J 7 l l l I 1 J 7 7 7 1 1 11 1 l 7 
' UNIVERSITY COMPUTER CENTER 
r~1!1r e1 111 &11aa111a111;111111-16&111r111111111111aa1111111111111111~H11 1a1ae se11 

.lsE ss1• s s s s s s 9 s s 9; 9 ~ s ! ~ s s s 9 ! s s s s 9 s s 9 ! s s s s s s s s s s ! s 1 s s s s s s 9 s s s s s s ! s s s s s s s 9 , I~ s ! s s s s ! ! 
111 :a • ' ' ' t ' "11 It 11" u II 11II ,,14 II 1: H 1' 1~ nil 11H»JIn11 lol !! Jf JIM H" u u 0 u IJ H •1 ... ., ~" 51 !) ~ H !if \1M'J fG1 1 f1 n 54 u ",: O! ff" ~' Jt 1 n UJ!.2! ... l.U~ 
C' l (li''t'.'!f~· • ----- ·· -

I .., I 



v 
+ 

D 
+ 

w 
+ 

TF 
+ 

16 

050 
+ 

FML 
+ 

·~ 9 4. 14- 234. 10. o o. 32 300000. i I" 
~ a I I I I 
.,.,;~":; ~ FORTRAta STATEflriE&\tT •oum~mot< 
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Output consists of the total bed material transport in Tons/day, and 

a remark on how the computations were carried out. If REMARK=OK, the 

computations were carried out successfully. If REMARK=OOR, 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 ft. 
32-100 °F. 
0.1-0.8 nnn. 
0-200000 ppm. 
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COMPUTATION OF TOTAL BED MATERIAL 
TRANSPORT BY COLBYS METHOD 

SET 1 
AVERAGE VELOCITY 
HYDRAULIC DEPTH 
WATfR SURFACf ~IDTH 
TEMPERATURE 
MEDIAN BED MATERIAL SIZE 
FINE MATERIAL CONCENTRATION 

RED MATERIAL TRANSPORT = 
REMARK = OK 

SET 2 
AVERAGE VfLOCITY 
HYDRAULIC DEPTH 
WATER SURFACE WIDTH 
TEMPERATURE 
MEDIAN BED MATERIAL SIZE 
FINf MATERIAL CONCENTRATION 

9.92 FT.ISEC. 
4.14 FT. 

234.00 FT. 
70.00 OEG.FAHREN. 

.32 MM. 
10000.00 PPM. 

76173.08304 TONS/DAY 

11.00 FT.ISEC. 
4.14 FT. 

234.00 FT. 
70.00 DEG.FAHREN. 

.32 MM. 
10000.00 PPM. 

COMPUTATIONS COULD NOT BE CA~RIEO OUT 
DUE TO DATA OUT OF RANGE 
REMARK= OOR 

SET 3 
AVERAGE VELOCITY 
HYDRAULIC DEPTH 
WATER SURFACE WIDTH 
TEMPERATURE 
MEDIAN BED MATf~IAL SIZE 
FIN£ MATERIAL CONCENTRATION 

BED MATERIAL T~ANSPORT = 
REMARK = TOOR 

SET 4 
AVERAGE VELOCITY 
HYDRAULIC DEPTH 
WATER SURFACE WIDTH 
TEMPERA TURF. 
MEDIAN BED MATERIAL SIZE 
FINE MATERIAL CONCENTRATION 

BED MATERIAL TRANSPORT = 
REMARK = FOOR 

9.92 FT.ISEC. 
4.14 FT. 

234.00 FT. 
105.00 nEG.FAHREN. 

.32 MM. 
10000.00 PPM. 

59231.54605 TONS/DAY 

9.92 FT.ISEC. 
4.14 FT. 

234.00 FT. 
70.00 DEG.FAHREN; ' 

.32 MMe 
300000.00 PPM. 

810518.47909 TONS/DAY 
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3.2 Fortran Names for Input and Output Variables 

VARIABLE 

Average Velocity 
Hydraulic Depth 
Water Surface Width 
Temperature 
Median Bed Material Size 
Fine Material Concentration 
Bed Material Transport 

FORTRAN NAME 

v 
D 
w 
TF 

D50 
FML 

GT 



IV. MEYER 

(Meyer-Peter and Muller Bed-Load Equation) 

r 
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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 n90 f or 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, IlO. 

VARIABLE FORTRAN NAME UNITS 

Average Velocity v ft. per sec. 
Hydraulic Radius R ft. 
Water Surface Width w ft. 
Energy Gradient s ft. per ft. 
D90 D90 mm. 
Number of Fractions in 

Bed Material ND 

v R w s D90 ND 

+ + + + + + 
. i1 JI 9~90 389 . o. 0001 36 0.33 3 I I 

I~.°" ~r--- •-
r.~~~; ·t1 FORTg~A~\~ STATEMENT •m· ... e•"•u• ! I .., .... IA ~ 
.o:o 0 G o·QTIITHo} DOD 0 0 0 O 0 G G 0 ~ ~ 0 I DI CUI 0 0 D 0 010 0 D 0 DD 0 D 8 e 0 a a a DO ODDO O 9 O O O O O O O O O·D o o o o Oil ~ 

1: 1 J • 'I' 1 1 1 11 ': 11 11 1• n 11 11 11 11n 11 n n Nu u u za n 11 11 ll ll l' a ~ n 11 J! n t i u u u u " o u n 511 11 u u u u 51 u ~St A" n u 11 u 11 ~: un11 1 1 11
1

11 ;, 11 ' i 11 11 ",; I 

1 : 1111 , 1 1111 1 1111111111111l i 11 1 111~1 ~r 111 11 ?1111111111111111111111,1 1 1 1 11 ! , ~A~,~ 
2:2 2 2 2

1
2 2 2 22 2 2 2 2 2 2 2 2 2 2 22 n 2 2 2 2 2 z 2 ! o. .,~1w1 ce-..,,,i"" 2 22 22 22 2 z 2 2 Z2 2 2 2 2 2 22 2 2 2 2 z 2 2 2 2 2 z z j 

: I) ¢ ~. ~\\I 'll//, • ~i: 
1 ~ n ~ l 1 !1 1 ~n133133 3 3313 313 3 3 3 3 3 f~(?~~,~ .. 3 3333333 313 3 3 3 3 3 s 3 3 3 3 3 333 3 3 3 i z i 

l '. 4 4 4 ·1·1· ' 4 44. 44 4 4 44 4. 4 H 4 4 H 44 H J o i<! !:n;:fi\~;tT)' t Cl) ' 4 4 4 c 44 44 44 4 4 44 44 (4 c 44 4 4' 4 c 4 4 4 4 I 
I : ~.J \,) . . ~ - ~ . I 
15; 5 5 5 5 is is 5 5 s 5 5 5 5 s s s s s 5 5 s 5 s 5 5 s s s s C \?o :~ · ~:; :'1'5 s 5 s · s s s s s 5 s s 5 5 5 5 5 5 5 5 5 s 5 s s s 1 s s s s 

1
. 

16:6 I I 61o'i 6 6 6 5 6 S 6 6 6 u 6 6 6 E 6 6 6 6 5 5 5 6 6 6 6 ~~t.."'-'-~6 6 6 & 6 6 5 6 6 i ~ 6 6 G 5 6 S 6 6 6 6 6 6 6 o 6 E;; G 6 i £ ! 
1:1111 1111 111 .1 1 111111111111111 1 11 1J J111 ~ 1670~.. 11 1J1 11 .1 11 1111111J11111111111111) 11 1 
: . UNI VERSIT Y CO MPU TE R CE NTE R I " 

, , 8 3 l '.!·1• l i a 8 I 3 I I 8 II I I,, ~ 118 8 8 ! 1 111 < ! c ! & I t EI 8 I e z i 8 0 ~ i & B 8 p l 6 3 I SI 18 I 6 ~ H H 18 8 I u 8 8 I 8 ; 
: I I i 

l: .: ~ -~ .~~l~ ~ ~ ~ · ~, •. ~ ~}'-~~1~~ U ~L;, u.1. ~~~~ ~, ;_;~ ~J.J,J,J"~;, ;. ; :,_;, ~.}c~],_ ~ ~. ; ~-~-!- ~ ~. ~ ~1.!_~~- ~- ~ -~· ~- ~t1;~;,11, ~'-~t;,; : 
-: ·.~ .. - , 1 "~• r 



FB(l) 
+ 

FB(2) 
+ 

2) 
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Arrays FB(ND), DRL(ND), DRU(ND), to be read 

VARIABLE 

Fraction of Bed Material 
in Size Fraction 

Lower Limit of Size 
Fraction 

Upper Limit of 
Fraction 

DRL(l) 
+ 

0.062 
I 

DRU(l) 
+ 

0.125 
I 

Size 

FORTRAN NAME 

FB(J) 

DRL(J) 

DRU(J) 

in 

FOR'rRAN STATE~ENT 

DRL(2) 
+ 

0.12 

DRU(2) 
+ 

0.250 

FORTRAN STATEMENT 

format 3Fl0.0. 

UNITS 

mm. 

mm. 

I 

IOC•Tl>ICATIO• I 



FB(3) 

+ 
DRL(3) 

+ 
DRU(3) 

+ 
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A sample output follows. 

COMPUTATION OF BED LOAD TRANSPORT 
BY MEYER-PETER AND MULLER FORMULA<l948) 

AVERAGE VELOCITY 4.11 FT.ISEC. 
HYDRAULIC RADIUS 9.90 FT. 
WATER SURFACE WIDTH 389.00 FT. 
ENERGY GRADIENT • 0001360 FT.IFT • 
DIAMETER 90 PERCENT FINE~ .330 MM. 

J FRCJ) DRL<J> DRU CJ> 

1 .04 .0620 .1250 
2 .82 .1250 .2500 
3 .14 .2500 .sooo 

TOTAL BED LOAD TRANSPORT= 733.682 TONS/DAY 

4.2 Fortran Names for Input and Output Variables 

VARIABLE 

Average Velocity 
Hydraulic Radius 
Water Surface Width 
Energy Gradient 
Diameter for 90% Finer 
No of Fractions in Bed Material 
Fraction of Bed Material in Size Fraction 
Lower Limit of Size Fraction, in mm. 
Upper Limit of Size Fraction, in mm. 
Bed-Load Transport 

FORTRAN NAME 

v 
R 
w 
s 
D90 
ND 
FB(J) 
DRL(J) 
DRU(J) 
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 analyzed 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 IS. 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. 

VARIABLES 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 ppm. 
Sampled Suspended Load QSM Tons per day 
Portion of Depth Not Sampled DN ft. 
Average Depth of Sampling DS ft. 
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2) Integer selectors JIN and JOUT, to be punched in format 2Il. 

JIN selects the number and range in the computational size 

fractions. ND is the number of size fractions. If JIN=l, 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=lO. 

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=l, output 

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) I-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 
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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. 

3) Data Arrays: 

If JIN=l, the fractions of bed material in various size ranges 

FB(lO), and fractions of suspended load in various size ranges FS(lO) 

should be punched in format 2Fl0.0. If JIN=2, FB(9) and FS(9) 

should be punched in format 2Fl0.0. 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(ND) should be punched in format 4Fl0.0. 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 size. 

A sequence of two runs is illustrated in the following arrangement 

of data cards. Different integer selection JIN and JOUT have been used 

in these runs for illustration. The corresponding output follows the 

data card sequence. 
NDATA 

FORTRAN STATEMENT 
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+ + 
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COMPUTATION OF TOTAL SEDIMENT LOAD BY THE MODIFIED EINSTEIN PROCEDURE 

DATA INPUT 

SET 
WATER DISCHARGE 

v AVERAGE VELOCITY 
v' HYDRAULIC DEPTH 

ATER SURFACE WIDTH 
v AREA . 
" TEMPERATURE I ~ ) 
~KINEMATIC VISCOSITY 
V"D65 

D35 
v AVERAGE 
v SAMPLEO 
,_..... PORTION 
v AVERAGE 

CONCENTRATION )-
SUSPENDED LOAD J ~ Q 
OF DEPTH NOT SAMPLED 
DEPTH AT SAMPLING 

o ·~I 

230.00 c.F.s. 
2.00 FT.ISEC. 

.98 FT. 
113.00 FT. 
111.00 SQ.FT. 
64.00 DEG.FAHREN. 

.0000114 SQ.FT.ISEC. 
.001050 FT. 
.000750 FT. 
262.00 PPM. 

63.0000 TONS/DAY 
(,.1 .30 FT• 

1.22 FT. 

CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY PRINTING OUT VALUES INVOLVED 

tTER. ZTRY RQSP CRQSP DCRQ 

.80537 6.79554 4.98206 -1.81348 

2 .75273 6.79554 7.08930 .29376 

3 .75911 6.79554 6.79193 -.00362 

CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY PRINTING OUT VALUES INVOLVED 

tTER. ZTRY RQSP CRQSP DCRQ 

1.19938 .43475 .43236 -.00240 

CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY PRINTING OUT VALUES INVOLVED 

!TER. ZTRY RQSP CRQSP DCRQ 

1.26422 .27654 .35921 .08267 

2 1.31128 .27654 .28384 .00130 

3 1.31656 .27654 .27645 -.00009 

ARRAYS ZP AND VS BEFORE LEAST SQUARE FIT 

J ZP<Jl VS<J> 

3 • 759113 .067624 
4 1.199380 .152040 
5 1.316557 .258550 

ARRAYS ZP ANO VS AFTFR LEAST SQUARE FIT 

c..v 
-J 



J ZPIJ) VS(J) 

l .084272 .000348 
2 .476377 .020833 
3 ,784160 .067624 
4 l.104958 .152040 
5 1.383415 .258550 
6 1.647641 .390728 
7 1.927071 .565719 
8 2,239438 .806727 
9 2.596524 1.144244 

J D(J) PSl<Jl PHISH(J) FR(J) XI8Q8(J) FS(J) QSPIJ) XMULT<Jl ]P(J) APP(J) 

l .000037 5.489 .Sl128 o.ooo o.ooo .220 28.292 o.ooo .084 .000075 
2 .000290 5.489 .51128 o.ooo o.ooo .250 32.150 o.ooo .476 .000592 
3 .000580 5.489 .5ll28 ,380 7.948 .420 54.012 o.ooo ) .784 ,00l184 
4 .001160 5.489 .5ll28 .500 29.580 .100 12. 860 o.ooo 1.105 .002~67 
5 .002320 6.791 .28418 ,050 4.650 .010 1.21!6 o.ooo 1.383 ,004734 
6 ,004640 13.582 ,02402 .010 .222 o.ooo o.ooo 0,000 1,648 ,009469 
7 ,009280 27.163 .00010 .010 .003 o.ooo o.ooo o.ooo 1.927 .018938 
8 .018559 54.327 .00000 o.ooo o.ooo o.ooo o.ooo o.ooo 2,239 .037876 
9 .037118 108.654 .00000 o.ooo o.ooo .o.ooo o.ooo o.ooo 2.597 .075752 

J D(Jl COLl6CJl COL171Jl COL181Jl COL19 (J) COL20(Jl COL2l<J> COL221J) COL23(J) COMP.LOAD 

l .000037 .721 -.415 1.001 -1.161 1.307 o.ooo o.ooo o.ooo 36.9895 w 2 .000290 .637 -,460 1.443 -3.082 l .944 o.ooo o.ooo o.ooo 6:>,4968 co 
3 ,000580 o.ooo o.ooo o.ooo o.ooo o.ooo 2.633 -8.027 21.089 167.6220 
4 .OOll60 o.ooo o.ooo o.ooo o.ooo o.ooo .832 -3.066 6.823 201.8157 
5 .002320 o.ooo o.ooo o.ooo o.ooo o.ooo ,434 -l.637 3.995 18.5788 
6 ,004640 o.ooo o.ooo o.ooo o.ooo o.ooo .2A2 -1.002 3.009 .6691 
7 .009280 o.ooo o.ooo o.ooo o.ooo o.ooo .202 -.636 ;_> .519 .0065 
8 .018559 o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo 0.0000 
9 .037118 o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo o.ooo 0.0000 

TOTAL BED LOAD 42,4035 TONS/DAY 
TOTAL SUSPENDED BED MATERIAL LOAD 445,7749 TONS/DAY 
TOTAL RED MATERIAL LOAD 488.1784 TONS/DAY 



COMPUTATION OF TOTAL SEDIMENT LOAD BY THE MODIFIED EINSTEIN PROCEDURE 

DATA INPUT 

SET 2 
WATER DISCHARGE 
AVERAGE VELOCITY 
HYDRAULIC DEPTH 
WATER SURFACE WIDTH 
AREA 
TF:MPERHURE 
KINEMATIC VISCOSITY 
D65 
D35 
AVERAGE CONCENTRATION 
SAMPLED SUSPENDED LOAD 
PORTION OF DEPTH NOT SAMPLED 
AVERAGE DEPTH AT SAMPLING 

DRLCJ> DRU CJ) 

.002000 .062500 

.062500 .125000 

.125000 .250000 

.250000 .sooooo 

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

DCJl 

.000037 

.000290 

.000580 

.001160 

16300.00 c.F.s. 
4.11 FT ./SEC. 

10 . 20 FT. 
389.00 FT. 

3966.00 SQ.FT. 
62.00 OEG.FAHREN. 

.0000109 SQ.FT./SEC. 
.000673 FT. 
.000557 FT. 
1160 0 00 PPM. 

51051.6000 TONS/DAY 
.so FT. 

9.70 FT. 

FBCJl XIBQBCJl 

0.000060 0.000000 
.040000 7.651876 
.820000 443.676883 
.140000 214.252539 

665.5813 TONS/DAY 
60602.5843 TONS/DAY 
61268.1656 TONS/DAY 

FSCJI FQLCJl 

.800000 40696.436 

.100000 8809.269 

.100000 11014.426 
0.000000 74A.035 

w 
c.o 
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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. 
PSI 
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 Qs' 
Computed Qs' 
Difference of Real and Computed Qs' 
Settling Velocity 
Total Bed Load 
Total Suspended Bed Material Load 
Total Bed Material Load 

DISCH 
UAVE 
DEPTH 
w 
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) 
COL2l(J) 
COL22(J) 
COL23(J) 
FQL(J) 
ZTRY 
RQSP 
CRQSP 
DCRQ 
VS(J) 
TBL 
TSL 
TQL 
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PROGRAM EINSTIN tINPUTtOUTPUTl EIN 10 
C fIN 20 
C F.IN 30 
C DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH F.IN 40 
C CENTER• FORT COLLINS• COLORADO 80523. EIN 50 
C PURPOSE COMPUTATION OF BED MATERIAL LOAD BY EINSTEINS EIN 60 
C METHOD. f.IN 70 
C REFERENCE EINSTEIN• H.A., THE 8ED-LOAO FUNCTION FOR F.IN 80 
C SEDIMENT TRANSPORTATION IN OPEN CHANNEL FLOWt EIN 90 
C TECHNICAL BULLETIN 1026, SEPTEMBER 1950t EIN 100 
C UNITEn STATES DEPARTMENT OF AGRtCULTURE fIN 110 
C CORE USAGE CDC 6400 SCOPE 3.3 SYSTEM DEFAULT VALUEt f.IN 120 
C 43000 OCTAL. fIN 130 
C COMPILATION TIME APPROXIMATELY 6 SEC. EIN 140 
C CENTRAL PROCESSOR f.IN 150 
C TIME FOR ONE F.IN 160 
C SET OF DATA LESS THAN l.O SEC. f.IN 170 
C F.IN 180 
C ~IN 190 
C INPUT AND OUTPUT DESCRIPTION f.JN 200 
C EIN 210 
C THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN THE EIN 220 
C VALUE OF NDATAt IN FORMAT IS. NDATA IS THE NUMBER OF SETS OF INPUTEIN 230 
C DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUT DATA EIN 240 
C CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY A PROBLEM• F.IN 250 
C AS DETAILED BELOW. EIN 260 
C F.IN 270 
C THE FIRST CARO JN INPUT IS FOLLOWED RY THE SETS OF INPUT DATA• EJN 280 
C TO BE PUNCHED IN FORMAT 8FlO.O EIN 290 
C A SET OF INPUT DATA CONSISTS OF THE FOLLOWING VARIABLES• EIN 300 
C FORTRAN NAME UNITS EIN 310 
c ll WATER DISCHARGE DISCH c.F.s. EJN 320 
C 21 AVERAGE VELOCITY VELA\/ FT .ISEC. EIN 330 
C 31 HYDRAULIC DEPTH DEPTH FT. f.JN 340 
C 41 WATER SURFACE WIDTH W FT. EJN 350 
C 51 ENERGY GRADIENT SS FT .IFT. EIN 360 
C 6) KINEMATIC VISCOSITY RMU SQ.FT.ISEC. EIN 370 
C 71 MEDIAN RED MATERIAL SIZE D50M MM. EJN 380 
C Al GRADATION COEFFICIENT SIGMA NO UNITS FIN 390 
C EJN 400 
C EJN 410 
C OUTPUT CONSISTS OF FIVE COLUMNS• AS FOLLOWS EIN 420 
C ll FRACTION NUMBER FIN 430 
C 21 GEOMETRIC MEAN SIZE• IN MM. EIN 440 
C 31 RED LOAD• IN TONS/OAY EJN 450 
C 41 SUSPENDED BED MATERIAL LOAD• JN TONS/DAY EIN 460 
C . 51 TOTAL BED MATERIAL LOAD• IN TONS/DAY EIN 470 
C EIN 480 
C EJN 490 

DIMENSION X<lOl t DtlOl • TSDllOl, BD<lOl' SD(lOl EJN 500 
COMMON /CEF/ CJ012ltCJlt2l•CJ2<2ltCJ3t2ltCJt2ltClt2ltC2!2l•C312ltCEIN 510 

l412ltM EIN 520 
READ 115• NOATA EIN 530 
DO 109 L=l•NDATA EIN 540 

v'°'PRINT 116 fJN 550 
V PRINT 117 EJN 560 

READ llOt DISCHtVELAVtDEPTHtWtSStRMUtD50MtSIGMA F.IN 570 
RINT 111• DISCHtVELAVtDEPTHtWtSStRMUtDSOMtSIGMA EIN 580 

C=l.1304.8 EIN 590 



c c ••• 
c 

101 

c c ••• 
c 

102 
103 

G=32.2 
M=O 
DISCH=DISCH/W 
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ASSUMPTION OF LOG-NORMAL SIZE DISTRIBUTION OF BED MATERIALS 

DF95=D50M*C*<SIGMAl**l.645 
DF90:050M•C•<SIGMAl**l.285 
OF80=050M•C•<SIGMAl**0.845 
DF70=050M*C*ISIGMAl**0.525 
OF60=050M*C*!SIGMAl**0.255 
OF50=050M*C 
OF40=050M*C/!SIGMAl**0.255 
OF30=050M•C/!SIGMA>*•0.525 
OF20=050M•C/!SIGMAl**0•845 
OF10=050M•C/!SIGMAl**l.285 
OF5=050M*C/!SIGMAl**l.645 
Dlll=SQRT<DFS*DFlOI 
Dl21=SQRT<DFlO•DF201 
Dl3l=SQRT<DF20*DF30l 
Df4l=SQRT<DF30•0F40l 
015l=SQRT<OF40•0F50l 
016l=SQRTIDF50•0F601 
D!7l:SQRT<DF60•DF701 
D18l=SQRT!OF70*0F801 
0191=SQRT<DF80•0F901 
D<lO>=SQRT<DF90•DF95l 
D65=DSOM*C*SIGMA**0.385 
D35=D50M•C/SIGMA**0.385 
DO 101 I=ltlO 
XIIl=D<I>*304.8 
RT=DEPTH 
RBP=!VELAV*D65••0.1667/17.66•SQRT<G*SS>>>••l.5 
RBPP=RT-RBP 
SVP=SQRT!G*RBP*SSl 
DELTA=ll.6*RMU/SVP 
X4=D65/DELTA 
CALL FIG4 IX4tY41 

COMPUTATION OF SEDIMENT DISCHARGE 

DELT=D65/Y4 
RATIO=DELT/DELTA 
IF IRATIO.LT.l.80) GO TO 102 
CAPX=0.77•DELT 
GO TO 103 
CAPX=l.39*0ELTA 
X8=D65/0ELTA 
CALL FIGS IX8tY8l 
RETAX=ALOG10!10.6*CAPX/DELT> 
PP=2.304*ALOG10130.2*Y4*RT/065l 
DO 105 I=ltlO 

X7=D<Il/CAPX 
CALL FIG7 (X7tY7> 
PSIS=Y7*Y8*11.025/BETAXl**2*11.68*Dlll/IRBP•SSll 
XlO=PSIS 
CALL FIGlO 1x10.v101 
RD!Il=Yl0•1215.00*<D<I>**l.5l•O.l 
A=2.0•0<Il/RT 

F.:IN 
EIN 
EIN 
EIN 
EIN 
EIN 
EIN 
EIN ' 
flf\4 
Ell\4 
EIN 
F.:I N 
EIN 
E'IN 
EIN 
EIN 
EIN 
FTl\4 
flN 
EIN 
E'If\4 
FIN 
EIN 
EIN 
EIN 
fIN 
EIN 
Ell\4 
EIN 
EIN 
EtN 
Ell\4 
EJl\4 
EIN 
Eil\4 
F.IN 
fJN 
EIN 
EIN 
EIN 
EIN 
EJN 
Eil\4 
EIN 
EIN 
EIN 
EIN 
EIN 
EIN 
EIN 
E'I"I 
EIN 
EIN 
EIN 
EIN 
EIN 
E'If\4 
F.:IN 
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 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 



104 

105 

106 

107 

108 

109 

c 
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SET-V= ( (36.064-• <-Q (I) **31 •36.*RMU••21 ••0.5-6.•RMU) /0 ( ll 

/ 
Z=SETV/(0.4*SV~PJl.~~~-.. 
I IZ.LT.5.51 GO TO l04l A 
TSO I I l =BO I I l 'l A 1 i.-

105 
X~=A 
C'l"L POLYNML XM z.x11.x12.xJltXJ2) 
TSDIIl=BDlll*!PP*Xll•XI2•1.0l \ 

\I F ITSOIIl.LT.BOIIll TSDIIl=BDIIl \} 
CONTINUfW 
SOT=O. 
SOB=O. 
SOS=O. 
DO 106 I=l.10 

SOT=SOT•TSOIIl 
SOB=SDB•RD<I> 
SO<I>=TSO<I>-BDIIl 
SOS=SOS•SO<Il 

CONTINUE "'\, 
DO 107 I=ltlO 

SDIIl=SD<I>*43.2*W 
BD1Il=BD<ll*43.2*W 
TSDIIl=TSDlll*43.2•w 

CONTINUE 
SOS=SOS•43.2*W 
SOB=SDB•43.2*W 
SDT=SOT•43.2•W 

,.,.-PRINT 112 
00 108 I=ltlO 

RJNT 113• ltXlll tRDlll tSO<ll tTSDIIl 
RJNT ll4t SORtSOStSOT 

CONTINUE 
CALL EXIT 

EIN 
fIN 
EIN 
EIN 
fIN 
EIN 
EIN 
ETN 
EIN 
EIN 
F.IN 
EIN 
EIN 
EIN 
EIN 
EIN 
ETN 
EJN 
flN 
EIN 
EIN 
EIN 
EU.I 
EIN 
fIN 
EIN 
F. IN 
EIN 
EIN 
EIN 
EIN 
EIN 
FIN 
EI N 

./ 110 FORMAT 18Fl0.0l F.:JN 
111 FORMAT 1sx. 34HWATER DISCHARGE .F12.2. 12H c.F.SEIN 

lo t/SXt 34HAVERAGE VELOCITY tF12o2• 12H FT./SfIN 
2EC. ,;sx. 34HHYDRAULIC DEPTH tF12.2t 12H FT. EIN 
3 ,;sx. 34HWATER SURFACE WIDTH .F12.2. 12H FT. EIN 
4 , /SX, 34HENERGY GRAD I ENT •Fl 2 • 7, l 2H FT o IFEI N 
ST. ,;sx. 34HKINEMATIC VISCOSITY .F12.1. 12H SQ.FTEIN 
6./SEC.t/5Xt 34HMEOIAN BED MATERIAL SIZE .F12.2. l3H MM. EIN 
7 ,;5x, 34HGRAOATION COEFFICIENT tF12.2t//) EIN 

li2 FORMAT 11Xt8HFRACTIONt5Xtl3HGEO MEAN SIZEt8Xt8HBEO LOADt7Xtl6HSUS EIN 
lBED MAT LOAOt5Xtl2HBED MAT LOA0/4Xt3MN0otll.Xt4HIMMl•l2XtlOHITONS/OEIN 
2AYlt9XtlOHITONS/DAYlt9XtlOHITONS/DAYl/l EIN 

1'13 FORMAT 12Xtl3t4Fl9.5l EIN 
114 FORMAT (///,5Xt 34HTOTAL BED LOAD ·Fl6.4. lOH ElN 

lTONS/DAYt/5Xt 34HTOTAL SUSPENDED BED MATERIAL LOAD tFl6.4t lOH TOEIN 
2NS/DAYt/5Xt 34HTOTAL RED MATERIAL LOAD tF16.4t lOH TONSEIN 
3/0AYl EIN 

115 FORMAT II5l EIN 
6 FORMAT llHll EIN 

vi'l7 FORMAT 11ox. 33MCOMPUTATION OF TOTAL BED MATERIALtltlOX. 38HLOAO BEIN 
lY THE EINSTEIN BED-LOAD FUNCTIONt///l EIN 

C EIN 
END EIN 

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 
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SUBROUTINE FI G4 ex.vi EI N 1760 
c EtN 1770 
c ••• THIS SUBROUTINE APPROXIMATES EINSTEINS FIG 4 SERIES OF EQNS. EtN 1780 
c EI"4 1790 

IF <X.LE.0.401 GO TO 101 EIN 1800 
GO TO 102 f I 'l 1810 

101 Y=l.769*ALOG10(XI0.0801 F.IN 1820 
GO TO 117 EIN 1830 

102 IF <X.GT.0.40.AND.X.LE.0.561 GO TO 103 EIN 1840 
fiO TO 104 EIN 1850 

103 Y=l.495*ALOG10(XI0.0591 EIN 1860 
GO TO 117 EIN 1870 

104 IF <X.GT.0.56.AND.X.LE.0.761 GO TO 105 F:IN 1880 
GO TO 106 EIN 1890 

105 Y=0.92*ALOG10(XIO.Ol451 EIN 1900 
GO TO 117 EIN 1910 

106 IF <X.GT.0.76.AND.X.LE.0.961 GO TO 107 EIN 1920 
GO TO 108 ElN 1930 

107 Y=0.292*ALOG10(X/2.9E-061 EIN 1940 
GO TO 117 EI N 1950 

108 IF <X.GT.0.96.AND.X.LE.l.351 GO TO 109 fIN 1960 
GO TO 110 EIN 1970 

109 Y=0.277*ALOG10<632000.0/X) EIN 1980 
GO TO 117 FIN 1990 

110 IF <X.GT.l.35.AND.X.LE.3.001 GO TO 111 EIN 2000 
GO TO 112 EJN 2010 

111 Y=l.115*ALOG10<34.4/XI F:IN 2020 
GO TO 117 EIN 2030 

112 IF <X.GT.3.00.AND.X.LE.4.001 GO TO 113 flN 2040 
GO TO 114 EIN 2050 

113 Y=0.725*ALOG10<128.0/XI EJN 2060 
GO TO 117 fIN 2070 

114 IF <X.GT.4.00.ANO.X.LE.6.701 GO TO 115 EIN 2080 
GO TO 116 EIN 2090 

115 Y=0.399*ALOG10<2~6Jl.O/XI EIN 2100 
GO TO 117 EIN 2110 

116 IF <X.GT.6.701 Y=l.O EtN 2120 
117 RETURN EtN 2130 

c EI"4 2140 
END EIN 2150 
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SUBROUTINE FIGS !XtYI EIN 2160 
c EIN 2170 
c ••• THIS SUBROUTINE APPROX I MATES. EINSTEINS FIG 5 RY A SERIES OF EQNS. ETN 2180 
c F:tN 2190 

IF <X.LE.1.01 GO TO 101 EIN 2200 
GO TO 102 EIN 2210 

101 Y=40.0*X**!-l.2881 FIN 2220 
GO TO 109 EIN 2230 

102 IF <X.GT.l.O.ANO.X.LE.2.01 GO TO 103 EIN 2240 
GO TO 104 fIN 2250 

103 Y=40.o•x••<-0.9821 EIN 2260 
GO TO 109 EIN 2270 

104 IF !X.GT.2.0.AND.X.LE.4.01 GO TO 105 EIN 2280 
GO TO 106 EIN 2290 

105 Y=31.l*X**!-0.6181 EIN 2300 
GO TO 109 EIN 2310 

106 IF !X.GT.4.0.AND.X.LE.8.01 GO TO 107 fIN 2320 
GO TO 108 ETN 2330 

107 Y=26.0*X**!-0.4861 EIN 2340 
GO TO 109 EIN 2350 

108 IF <X.GT.8.01 Y=2le4*X**!-0.3941 EIN 2360 
109 RETURN F.IN 2370 

c EIN 2380 
END f. IN 2390 
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SUBROUTINE FIG7 IXtYI 
c 
C ••• THIS SUBROUTINE APPROXIMATES EINSTEINS FIG 7 RY A SERIES OF EQNS. 
c 

c 

IF <X.LE.0.201 Y•(X/l.090>••1-2.088) 
IF <X.GT.0.20oAND.X.LEoOo40) Y•<XI0.877l••l-2.402l 
IF <X.GT.0.40.AND.X.LE.0.651 Y=IX/0.8321••1-2.5821 
IF <X.GT.0.65oAND.X.LEo0.801 Y=IXI0.9901••<-1.5151 
IF IX.GT.0.80.AND.X.LEol.OOI Y=(X/l.1851••<-0 0 8261 
IF <X.GToloOO.AND.XoLEolo451 Y=IX/l.4501••<-0.3751 
IF (X.GT.l.451 Y=l 0 0 
RETURN 

fND 

EJN 2400 
EIN 2410 
EIN 2420 
EIN 2430 
ETN 2440 
F.:IN 2450 
E:IN 2460 
fIN 2470 
Ellll 2480 
EJlll 2490 
fIN 2500 
EIN 2510 
f.IN 2520 
E:JN 2530 
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SUBROUTINE FIGS (XtYI EIN 2540 
c EIN 2550 
c ••• THIS SUBROUTINE ESTI'4ATES EINSTEINS FIG 8 BY A SERIES OF EQNS. EIN 2560 
c EIN 2570 

IF IX.LT.0.661 Ya(Xll.0051**1.178 E"IN 2580 
IF IX.GToOo66.ANDoXoLEoOo84) Y•IX/lol041**C0.9571 EIN 2590 
IF IX.GT.0.84.AND.X.LE.l.101 Y=CX/lo940l**(0.3101 EIN 2MO 
IF IX.GT.l.10oANDoXoLEolo301 Y=IX/0.4751**1-0.2081 EIN 2610 
IF IX.GT.l.30.AND.X.LE.2.201 Y•(X/0.9301**1-0.6331 EI "'I 2620 
IF IX.GTo2o20.AND.XoLEo3ol01 Y•(X/0.2781**1-0.2661 fl"'I 2630 
IF IX.GT.3.101 Y=0.530 EIN 2640 
RETURN fIN 2650 

c ftN 2660 
END EIN 2670 



c c ••• 
c 

c 
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SUBROUTINE FIGlO IXtYI 

THIS SUBROUTINE APPROXI~ATES EINST'EINS FIG 10 BY A SERIES OF 

IF IX.LEo0.771 Y•l7.56/Xl**l.Ol 
IF IX.GT.0.77.AND.X.LE.2.121 Y•IS.35/Xl**l.19 
IF IX.GT.2.12.AND.X.LE.4.101 Y•l4.l0/Xl**l.67 
IF IX.GT.4.10.AND.X.LE.6.101 Y•l4ol0/Xl**2.30 
IF IX.GT.6.10.AND.X.LE.ll.Ol Y=l4o60/Xl**3.23 
IF IX.GToll.O.AND.X.LEol6.7l Y•IS 0 66/Xl**4.26 
IF IX.GTol6o7oAND.X.LE.22.Sl Y=l9.28/Xl**7.81 
IF IX.GT.22.Sl Y=ll3.l01Xl**l2.66 
RETURN 

END 

E'IN 2680 
EIN 2690 

EQNS.EIN 2700 
EIN 2710 
EIN 2720 
ETN 2730 
EIN 2740 
EIN 2750 
FIN 2760 
EIN 2770 
FJlll 2780 
EJN 2790 
l='IN 2800 
EIN 2810 
EtN 2820 
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SUBROUTINE POLYNML 1AtZtXIltXI2tXJltXJ2l f.TN 2El30 
COMMON /CEF/ CJ012ltCJ112ltCJ2C2ltCJ3C2ltCJC2l•ClC2ltC2C2ltC3C2l•CEJlll 2840 

l412ltM EIN 2850 
c EIN 2860 
c ••• COMPUTATION OF THE POLYNOMIALS ~HICH APPROXIMATE THE INTEGERS Il• EIN 2870 
c 12t Jl ANO J2 EJN 2880 
c EIN 2890 

IS=O EJN 2900 
Xl•O, FIN 2910 
x2so. EIN 2920 
IF IA.GE.0.0050.0R.Z.GE.0.8) GO TO 101 Eilll 2930 
Al=A EJN 2940 
A=0,0050 EIN 2950 
IS=l EIN 2960 

101 CONTINUE EIN 2970 
IF IM.EQ.Ol CALL COEF I Al FIN 2980 
00 102 1"'1•2 FIN 2990 

102 CJIIl=lOe**CCllll+C2Cil*Z+C31Il*Z*Z+C41Il•Z••3l EIN 3000 
FACT=0,216*A**IZ-l,1/ll.-Al**Z EIN 3010 
IF IIS.NE.11 GO TO 103 EIN 3020 
CALL SIMPSON 1A1.o.0050,z,x1.x21 EJN 3030 
As Al Eilll 3040 

103 CONTINUE EIN 3050 
XJl=Xl+CJCll EJlll 3060 
XJ2=X2-CJ12l EIN 3070 
Xll•FACT*XJl EIN 3080 
XI2=FACT*XJ2 EIN 3090 
RETURN Eilll 3100 

c EJN 3110 
END EIN 3120 



c c ••• 
c 
c 

101 

c 
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SUBROUTINE COEF IAl F.IN 
COMMON /CEF/ CJ0<2loCJ1(2loCJ212loCJ312loCJ12loCl<2loC212loC3<21oCF.IN 

14121 tM F.lN 
FIN 

COMPUTATION OF THE COEFFICIENTS OF THE POLYNOMIALS WHICH EIN 
APPROXIMATE THE INTEGERS IltI2oJloAND J2 EIN 

EIN 
APsALOGIAl EIN 
CLl=l .-A EIN 
CL2=A-l.-A*AP EIN 
CJOlll=ALOGlO<CLll ETN 
CJllll•ALOGlO<-CLl-APl EIN 
CJ2Cll=ALOGlO<l.IA+2.•AP-AI EIN 
CJ3(ll=ALOG1011.5+A-3.IA•0.5/IA*Al-3e*API EIN 
CJOl2l=ALOG101-CL21 EIN 
CJ1<21•ALOG10<-<-CL2-AP••212.ll EIN 
CJ2<2l=ALOGl0<-<-2.+lle+APl/A+A*ll,-APl•AP**2ll EJN 
CJ312l=ALOG10<-<3,75+1AP+0,5l/(2,•A*Al-3,/A•(l,+APl•A*IAP-l,l-l,5•FJ~ 

1AP**211 . EIN 
DO 101 I=lo2 EIN 

Cl IIl=CJO<Il EIN 
C21Il=-l.83333*CJOIIl+3,•CJl(Il-l,S•CJ2<Il+0,3333•CJ3<Il EIN 
C3<I>=<2.*CJOII>-S.•CJ11Il+4,•CJ21Il-CJ3<Ill/2, f.IN 
C41I>=<-CJOlll•3,*CJ11Il-J,•CJ2<I>•CJ3<Ill/6, EIN 

CONTINUE f.JN 
RETURN EIN 

E'IN 
END 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 
3380 
3390 
3400 
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.,; / 
SUBROUTINE SIMPSON ( M•XC z,xJ1,xJ21 EIN 3410 

c EIN 3420 
c ••• THIS SURROUTINE EVALUATES Jl AND J2 BY SIMPSONS RULE EtN 3430 
c EIN 3440 

DIMENSION Yll<5ll• YI2<5ll ON 3450 
SUMI=O .• EIN 3460 
SUMJ=O. EIN 3470 
XB='iO.O FIN 3480 
XIl=O. EIN 3490 
XI2=0. EIN 3500 
XMl=0 0 l EIN 3510 
INDI=O EIN 3520 
IF (X,..l.GT.XCl XMl=XC/10. EIN 3530 

101 IF (XMl.LE.XMI INDizl E'IN 3540 
IF IINDI.EQ.ll XMl=XM EIN 3550 
OXl=<XMl-XCl/X8 F.IN 3560 
NXB=XB•lol F.IN 3570 
00 102 I=l•NXB EIN 3580 

X Is I EIN 3590 
X=XC+IXI-1.l*DXl FIN 3600 
Vil III=< Cl.-Xl/Xl**Z E'IN 3610 
YI21Il=Yil<Il*ALOG(Xl F.IN 3620 

102 CONTINUE EIN 3630 
NXBl=NXB-2 EIN 3640 
DO 103 I=l•NX81•2 El"I 3650 

SUMI=SUMI+CYil<I>•4o*Yil<I•ll+Yil<I+2ll EIN 3660 
SUMJ=SUMJ+(YI2<I1+4.*YI2<I+ll+YI2<I•211 EI"I 3670 

103 CONTINUE EIN 3680 
XIl=XIl+SUMI*DXl/3. EIN 3690 
XI2=XI2+SUMJ*DX113. F. IN 3700 
IF CINOI.EQ.ll GO TO 104 EIN 3710 
XC=XMl EIN 3720 
XMl=XMltlO. EIN 3730 
5UMI=O.O EIN 3740 
SUMJ=O.O F.lN 3750 
GO TO 101 EIN 3760 

104 CONTINUE EIN 3770 
XJl=-XIl EIN 3780 
XJ2=-X-i 2 

tJZrr~( Gi ) .111 J '2-- EI"I 3790 
RE..J'URN (o& ) EIN 3800 

c EIN 3Al0 
ENO 

0p~1r I r I IJ- F.:l N 3820 

/,;~ 
2.. 

(IQ 6 



STRANS 

LISTING 
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PROGRAM STRANS IINPUTtOUTPUTtTAPES=JNPUTtTAPE6=0UTPUTJ STR 10 
C STR 20 
C <;TR 30 
C DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH <;TR 40 
C CENTERt FORT COLLINSt COLORADO 80523 STR 50 
C PURPOSE COMPUTATION OF BED MATERIAL OISCHARGE BY STR 60 
C MAHMOODS TRANPORT FUNCTION STR 70 
c REFERENCE MAH~OOD. K •• FLOW IN SAND-~ED CHANNELS· STR 80 
C CUSUSWASH WATER MANAGEMENT TECHNICAL PUBLICATIONSTR 90 
C REPORT NO. llt 1971, COLORADO ST4TE UNIVERSITY STR 100 
C FORT COLLINS• COLORADO STR 110 
C CORE USAGE CDC 6400 SCOPE 3.3 SYSTEM OEFAULT V~LUEt STR 120 
C 43000 Or.TAL. STR 130 
C COMPILATION TIME APPROXIMATELY 5 SEC. STR 140 
C CENTRAL PROCESSOR STR 150 
C TIME FOR ONE RUN LESS THAN l <;EC. <;TR 160 
C STR 170 
C THIS PROGRAM WILL COMPUTE SEDIMENT TRANSPORT RY INDIVIDUAL STR 180 
C FRACTIONS. IT CAN ALSO CALCULATE THE SUSPENDED SEDIMENT CONCENTRA-STR 190 
C TION FOR THE INDIVIDUAL FRACTIONS. STR 200 
C STR 210 
C INPUT AND OUTPUT DESCRIPTION <;TR 220 
C INPUT CONSISTS OF THE FOLLOWING, IN THE ORDER SHOWN STR 230 
C ll INTEGERS NN ANO JJ• TO 8E READ IN FORMAT 2I10 STR 240 
C NN IS AN INPUT INDICATOR STR 250 
C IF NN=2• THE NUMRER OF ~IZE FRACTIONS IS l STR 260 
C IF NN=6• THE NUMBER OF ~IZE FRACTIOlllS IS 5 STR 270 
C IF NN=llt THE NUMBER OF SIZE FRACTIONS IS 10 STR 280 
C JJ IS AN OUTPUT INDICATOR STR 290 
C IF JJ=l• INTERMEDIATE RE<;ULTS ARE PRINTED OUT STR 300 
C IF JJ=2• INTERMEDIATE RESULTS ARE OMITTED FROM THE OUTPUT STR 310 
c 2l INPUT VARIABLES v.o.sE.VNUtOSO.SODt TO BE READ IN FORMAT 6Fl0.0STR 320 
C T~E TRANSPORT COMPUTATIONS ARE FOR A UNIT WIDTH STR 330 
C FOP NON-RECTANGULAR SECTIONS, USE HYDRAULIC DEPTH STR 340 
C V JS AVERAGE VELOCITY IN FT ./SEC. STR 350 
C 0 JS HYDRAULIC DEPTH IN FT. <;TR 360 
C SE IS ENERGY GRADIENT IN FT./FT. STR 370 
C VNU IS KINEMATIC VISCOSITY IN SQ.FT.ISEC. STR 380 
C 050 tS MEDIAN AEO MATERIAL SIZE IN MM. STR 390 
C SOD IS GRADATION COEFFICIENT STR 400 
C STR 410 
C <;TR 420 

DIMENSION XXl3tlllt XX113tlllt YY1(3tlll• NPP<Jl STR 430 
COMMON /SOOATA/ X(}}),XllllltYllllltPGtGX.NP STR 440 
co~MON /BDATA/ Il•JJ•NNtDtVtSEtVNUtDSOtSOOtGTtPPMtSVtAEtQPBtQPTtCPSTR 450 

lEF STR 460 
COMMON /ZOATA/ Zl25ltZX1<25ltZX2125ltZltXlltXl2 STR 470 
COMMON /SNDATA/ FX145)tVX(45l STR 480 
OATA (FX<ll•l=l•45l/49o99t49.98t49.97t49,96,49.95t49.90t49,85t49.8STR 490 

l0t49.70,49 0 60t49.5lt49.40,49.29t49.20t49.0l•48.81•48.6l•48.30t47.9STR 500 
2At47.50t46.99t46.4lt45.73,44.95t44.06t43.06,41.92t40.6bt39.25•37 0 7STR 510 
30t35.54,J4.13t31.59t28.Al,25.A0,22.S7,J9.I5,15.S4,ll.79t7.9J,J.98,STR 520 
43.l9tl.99 •• 40o.OO/ STR 530 

DATA IVX<ll•l=l·4Sl/3.62t3.47t3.39t3.32t3.27.3.08.2.96.2.aA.2.1s.2sTR 540 
l.6s,2.5a.2.s1.2.•s.2.•1.2.33,2.26,2.20,2.12,2.os.1.96.1.00.1.ao.1.sTR 550 
272tl.64ol.56tl.48tl.40tl.32tl.24tl.16tl.06tl.OOt.90 •• Ao •• 10 •• 60o.5STR 560 
30 •• 40,.30 •• 20 •• 10 •• 08 •• os •• 01 •• 001 STR 570 

C STR 580 
c Fx.vx ARE STNO. NORMAL DISTN Fx.x. STR 590 



c 

c 
c 
c 
c 

c 
c 

c 

101 

102 
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STR 
NPP(ll=R STR 
NPP12l=ll STR 
NPP I 3) •8 STR 
DATA IXXlltil•I•ltlll/+loO•-lo0t9•0.0/ STR 
DATA IXXl2til•I=ltlll/lo65t.84to253t-.25J,-.84,-l.65t5•0oO/ STR 
DATA IXX13tlltI=l•ll1/2.33tlo282to842t.S24t.253t.OOOt-.253t-.524•-STR 

10.842,-1.282•-2.330/ STR 
OATA <XXllltiltI=lt81/0.008 •• ooooo1 •• os •• 001 •• 1 •• 001 •• 2 •• 045/,(YYlSTR 

lll•ll•I=l•8l/,70t.3014.8t3.0tlO.Oo6.5ol00.0180.0/ STR 
DATA IXX112til•J=l•lll/2.00F.-02•l•OOE-05t4o200E-0212oOOE-04t6o70f-STR 

10211.000E-03tl.09E-Olt4,00E-03t2,13E-Olt2.00E-02t4oOOE-Ol/•(YY112tSTR 
2Jl1I=ltlll/7.00E-0218.20E-Olt2.00E-Ol13.30E+001l.OOE+OOtl.OOE+Ol13STR 
J.20E•OO,J.JOE+Ol•l.OOE+Oltl.OOE+O?.t3,40E+Ol/ STR 

DATA (XX113til·I=lt811.0l •• 000001 •• 034 •• 0001 •• 01 •• 001 •• 1a •• 011.cvvSTR 
i113.I1.r=1.a11.40,.033,1.1 •• 20.1.~o.2.o.100.o.so.01 STR 

OATA (Z:.001 •• oso •• 100 •• 1so •• 200 •• Joo •• 4001,500t.600 •• 100 •• ROOol,OSTR 
ioo.1.200.1.400tl.600•l.800t2.000.2.soo.J.OOOt3.500t4.000•5oOOOt6.0STR 
200t7.000•l0.000I STR 

OATA IZXl=,84792E+OOt,83006E+OOt,81590E+OOto80545E+OOt,79840E+OOtoSTR 
179349f+00.,79965E+OOt,8l600E+OOt.84209E+OO•o87786E+00•.92357F.+OO•,STR 
21047lf•Ol•.12200E+Olt.l4539E+Ol•.l7655E+Ol•.21779E+Ol•o27224E+Ol•oSTR 
349794f•Olt,95636f+Olt.19018E+02t,38805f•02•.l7061E+03,,78860E+OJ1.STR 
437708f+04o.46666f+061 STR 

DATA IZX2=-.56570f•00,-.57938E+OOt-,59482E+001-.61182E+OOt-.~3042ESTP 
l+Oo,-.67275f+Oo.-.72247E+oo.-.78039E+oo.-.84749E•00·-.92493E+OO•-.STR 
210141F+Olt-.12341F+Ol•-.15238f.+Olt-,l9049E+Ol•-•24071E+Ol•-·30699f.STR 
3+01.-.39472E+Olt-.76175E+Ol1-.15188E+02t-.31034E+02t-.64623f+021-.STR 
4?.9226F+03•-.1376lf+04,-.66653E+04,-.8436AF.+061 STR 

J=l•2•3 FOR 1•5 AND 10 FRACTIONS, 
X•XX RELATf TO NORMAL DEVIATES• XXltXltYYltYl TO PG-GT CURVE 

READ 15tl041 NN•JJ 
J=NN/4+1 
NP=NPPIJI 
DO 1 0 1 I= 1 • NN 
X<Il=XXIJtll 
DO 102 l"'ltNP 

Xllll=XXl(JtII 
Yl<Il=YYl(JtII 
NP= NO OF POINTS ON PG-GT CURVE 

READ (5tl03J VtDtSEtVNU•DSOtSDD 
WRITE 16tl051 
WRITE 16tl061 VtDtSftVNUtD50tSOD 
DSO=DS0/304.8 
VNU=VNU•lOOOOO. 
CALL TPORT 
STOP 

STP 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 

103 FORMAT (8Fl0.3l 
104 FORMAT 121101 

5TR 
STR 
STR 
STR 
STR 
STR 

105 FORMAT 11Hlt//9X• 74HCOMPUTATION OF 
lY MAH~OODS TRANSPORT FUNCTIONt//I 

106 FOR~AT <5Xt 29HAVERAGE VELOCITY 

TOTAL BED MATERIAL DISCHARGE P.STR 
STR 

tF12o2t 12H FT.ISEC. STR 
tF12.2t 12H FT. 1/5VSTR l ,1sx. ?9HHYDRAULIC DEPTH 

2• 29HWATER SURFACE WIDTH 
3ENERr,v GRADIENT 

.ax. 15Hl.OO FT. t/SXt 29HSTR 
tF12o7• 12H FTo/FTo t/SXt 29H~INEMSTR 

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 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
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4ATIC VISCOSITY tFl2.7t 12H 
5 MATERIAL SIZE tfl2.2, 11~ MM. 
6CIENT tF12.2t/I) 

c 
END 

SQ.FT.ISEc •• 1sx. 29HMEDJAN Bf.OSTR 
.1sx. 29HGRADATION COEFFISTR 

STR 
STR 
STR 

1190 
1200 
1210 
1220 
1230 
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SUBROUTINE TPORT STR 1240 
COMMON /AOATA/ OM84,0M50,0M16,SIGMA STR 1250 
COMMON /BOATA/ II•JJ•NN.o,v,sE.VNU•05o.soo.GT.PPM,sv.AE•QPB,QPT,CRSTR 1260 

lEF STR 1270 
COMMON /ZDATA/ z12si,zx112si,zx2125i,zI,XIl,XI2 STR 1280 
COMMON /SDDATA/ X!llJ,Xl!lll,Yl(lll,PG,GX,NP STR 1290 
DIMENSION PIF ! 11 It DMM ( 11 h A ( l ll, Glf ( 11) STR 1300 
DIMENSION OM!lOlt fV!lOlt H<lOJ, Al!lOlt Bl!lOh Cl<lOh Ol<lOh DSTR 1310 

lELS!lO), OELB!lOI, ETAltlO), DTAU!lOI, TAUC(lOI• Of!lll STR 1320 
DIMENSION PPMFT!lOJ, PPMF!lOl STR 1330 
COMMON GPS!lOl,GPB!lO),GPT!lOJ,U!l0,60l•C!l0,60J,ET!l0,60l,SUMQ!lOSTR 1340 

1 , 6 0) 'SUMG ( 10,6 0) , ETD< 10,6 0 l , G ( 10,6 0 l , GB <l 0 l , QR ( l 0 > , N ( 1 0) , Gl( l 0 l • QL S TR 135 0 
2(10) •GU!lOl ,QU!lOl ,QELG<lOl ,OELQ!lOl ,pFG<lOl oDPM!lOI STR 1360 

RVS!OM,VNl=!l.10Ml*!SQRT!35.43*DM**3+3.6E-9*VN**2l-6.E-5*VNl STR 1370 
C STR 1380 
C RVS!OIAMETER IN FT,KIN. VISCOSITY IN SQ.FT/SEC*l.E+5) IS RUBEVS FASTR 1390 
C VELOCITY IN FT/SEC STR 1400 
C STR 1410 

SfA!OR,ETA,Zl=!ALOG!33.35•0Rl/!l.-Zll*!!ETA/el5l**Z*.15-ETAl STR 1420 
SFB!ElA,Zl:((-.2846*!ETAl.15l**Z-ETA*ALOG!ETAl)/(l.-Zll-<<.lS•<ETASTR 1430 

l/.15l**Z-ETAl/!!l.-Zl**21l STR 1440 
SFO!ETA,Zl=<ETA/.851**Z STR 1450 
SfC!DR•AEl=!ALOG!5.•DRI l/AE+l.897 STR 1460 
SFAl!ETA•DRl=ETA*ALOG!33.35*0Rl*ALOG!.l5/ETAI STR 1470 
SFBl!ETAl=ALOG!.lS*ETAl*ALOG!.15/ETAl*ETA/2. STR 1480 
SFPB!OB,AE,0841=0B*ALOG!33.35*DB/084l/AE STR 1490 

C STR 1500 
C OM IS GfOMETRIC MEAN DIA Of A FRACTION. IS LARGEST. STR 1510 
C OR IS DEPTH 0/084. Z IS ROUSE NO STR 1520 
C ElA IS 2*0M!Il/0 AE IS U*O/U*OE STR 1530 
C SJR 1540 

II=l <;TR 1550 
SV=SQRT!32.2*0*SEI STR 1560 
TAU=62.4*0*SE STR 1570 
084=050*SOO STR 1580 
OR=0/084 STR 1590 
VP=2.50*ALOG!l2.27*0Rl STR 1600 
VF=V/SV STR 1610 
SVE=SV*!VF-2.62)/(VP-2.621 STR 1620 
If !SVE.GE.SVl SVG=.99*SV STR 1630 
IF !SVE.LE.O.l SVG=.Ol*SV STR 1640 
AE=SV/SVE STR 1650 
Nl=NN-1 STR 1660 
XNl=Nl STR 1670 
W50=RVS!D50,VNU) STR 1680 
FVRG=W50/SVE STR 1690 
SH=SVE**2/!53.l*D50l STR 1700 
IF !JJ.EQ.2) GO TO 101 STR 1710 
~RITE !6tll9) STR 1720 

101 CONTINUE STR 1730 
00 102 I=l•NN STR 1740 

DF!I>=D50*SDD**X!Il STR 1750 
102 CONTINUE STR 1760 

DO 103 I=l•Nl STR 1770 
103 N!Il=J STR 1780 

DO 109 J=l•Nl STR 1790 
DM!ll=SQRT<DF!Il*DF!l+lll STR 1800 
DMM!Il=OM!I1*305. STR 1810 
ETAl!Il=2.*DM!ll/O STR 1820 



c 
c 
c 

c 
c 
c 

c 
c 
c 

104 

105 
106 

107 

108 

109 

110 

111 

DI=DM<Il 
FV<I>=RVSIDitVNUl 
HIIl=FVIIl/I0.40•SVl 

60 

COMPUTATION OF CRITICAL SHEAR AND WEIGHTING FACTOR 

IF IOM(Il-0.0009> 104tl05tl05 
TAUC<Il=0.0215*10Mlll**•25) 
GO TO 108 
IF IDMII>-0.0018> l06tl07tl07 
TAUC<I>=0.315*10MIIl**•633l 
GO TO 108 
CONTINUE 
TAUCIIl=l6.8*1DMIIl**l.262l 
OTAU<Il=l.-TAUC<Il/TAU 
IF IOTAUIIl.LE.O.> DTAU<I>=O. 

CONTINUE 
QPi3=0. 
QPS=O. 
DO 113 I=ltNl 

ZI=H<Il 
CALL ZPOLATE 
F.TA=ETAl I I l 
08=2.*DMII> 

ZPOLATE YIELDS XIl ANO XI2 

Cl<Il=SFC<DRtAEl 
Ol<Il=SFD<ETA•ZI> 
IF <ZI.EQ.l.l GO TO 110 
Al<I>=SFA<ORtETAtZil 
Bl<Il=SFB<ETAtZil 
GO TO 111 
Al<I>=SFAl<ETAtORl 
131 <Il=SFBl IETAl 
CONTINUE 

COMPUTATION OF SUSPENDED AND BEDLOAD FRACTIONWISE DISCHARGE 

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 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
5TR 
STR 
STR 
STR 
STR 

DELS (I) =D• ( (Al (I) +Bl (I) ) I AE + x Il •cl (I) •o l (I)+ x I 2•0 l (I) ) •OT AU <I) /STR 
XNl STR 
DELBCil=SFP810BtAEt084l*DTAUIIl/XNl STR 
QPS=QPS+DELSIIl STR 
QPB=QP~+DELBIIl STR 
IF CJJ.EQ.2l GO TO 112 STR 
WRITE (6tl2ll ltOMClltETAl<IltHIIltA11IltB11IltCllllt011IltXIltSTR 

1 XI2tOTAUCil STR 
112 CONTINUE STR 
113 CONTINUE STR 

QPT=QPB+QPS STR 
WRITE C6tl20l STR 
00 114 I=ltNl STR 

GPS<I>=DELS!Jl/QPS STR 
GPB!Il=DELBCll/QPB STR 
GPT<I>=IDELSIIl+OELBIIll/QPT STR 
WRITE 16tl2ll ItOMMllltFVIIltHIIltTAUCIIltOTAUllltOELSIIltOELR<STR 

l IltGPS<IltGPBIIltGPTIIl STR 
114 CONTINUE STR 

PG=414.•FVRG*SV•QPT•SH**•75 STR 

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 
2370 
2380 
2390 
2400 
2410 



c 

c 

115 

116 

CALL GPOLATE 
GT=GX 
PPM=GT*leE6/(62e4*V*Dl 
CREF=GT/(2.5*SV•QPT> 
su ... r=o. 
DO 115 I=l•Nl 

J=Nl-I+l 
SUMT=SUMT+GPT<J>*lOO. 
PFG(J)zSUMT 
PPMFT<J>=PPM*PFG<Jl/100. 
PPMF(Jl=PPM*GPT<J> 
GIF(Jl=GT*GPT<J> 
PIF<Jl=PPMF(Jl 
A(Jl=GPT<Jl*lOO. 

CONTINUE 
WRITE <6• l 18> 
00 116 J=l•Nl 

61 

WRITE (6,117l 
CONTINUE 

N<IltDMIIltPFG<I>tDMM(lltPPMF<IltPPMFTIIl 

CALL LNORM INl•DMM,PFGl 
WRITE 16•122l DM84,DMSO,DM16,SIGMA 
RETURN 

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

117 FORMAT 1sx.I3•3X.El0.3.8X.F6.2•9X.F7.3.3X.El0.3.6XtEl0.3l STR 
118 FORMAT (/SX,SHF NO.t4Xt7HSIZE-FTt3Xtl8HPERCENT FINER THAN•3X,7HSIZSTR 

1E-M"'•3X.11HPPM IN FRAC•2X.17HPPM IN FINER THAN/) STR 
119 FORMAT (/6X, 63HFRACTION-WISE VALUES OF COMPUTATIONAL PARAMETERS ASTR 

.lRE AS FOLLOWS./SX.5HF NO.t4Xt7HSIZE-FT.3X.9HETA•DM /Dt3X.9HROUSE NSTR 
20.t3Xt9HPARAM. Al,3X,9HPARAM. 81,3Xt9HPARAM. Cl,3Xt9HPARAM. Dl.3XtSTR 
310HtNTEGRAL I•2XtlOHINTEGRAL J•3Xt8HDELe TAU/) STR 

120 FORMAT (/6X, 36HFRACTION-WISE ANALYSIS IS AS FOLLOWSt/5X,SHF NOet4STR 
1X,7HSIZE-MM,4Xt8HFALL VELt3X,9HROUSE N0.,3XtlOHCRIT.SHEAR,2XtlOHWESTR 
2IGH.FACT•3X.9HDEL.SUSP •• 4Xt8HDEL. BEO.JX.lOHFRAC.IN Gs.2x.10HFRAC.STR 
JIN GB,2X•l0HFRAC.IN GT/l STR 

121 FORMAT (5X.I3t3X.10(El0.3t2X)) STR 
122 FORMAT (/5Xt 21HFOR BoMo TRANSP. 084=,F8.4t llH MMt 050•tF8.4t lSTR 

lOH MM 016=tF8o'+• l4H MM AND SIGMA=tF8.4) STR 

ENO 
STR 
STR 

2420 
2430 
2440 
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 
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SUBROUTINE GPOLATE STR 2810 
CO~MON /SOOATA/ x1111.x11111.YllllltPGtGTtN STR 2820 
IF <PG-Xlllll 101.101.102 STR 2830 

101 GT=Yl<ll STR 2840 
GO TO 107 STR 2850 

102 IF IPG-Xl (Nl l 104tl03tl03 STR 2860 
103 GT=Yl<Nl STR 2870 

GO TO 107 STR 2880 
104 CONTINUE STR 2890 

rJO 106 J=ltll STR 2900 
IF <!PG.GT.XI !Jl l .AND. !PG.LE.Xl IJ+ll l l GO TO 105 STR 2910 
GO TO 106 STR 2920 

105 I=J•l STR 2930 
c STR 2940 
c THIS SUAROUTINE IS FOR LOG-LOG INTERPOLATION STR 2950 
c STR 2960 

A=ALOG!Yl!Il/Yl!I-lll STR 2970 
B=ALOG!Xl<Il/XllI-lll STR 2980 
C=ALOGCPG/Xl<I-lll STR 2990 
GT::Yl<I-ll*IEXPIA*C/Bll STR 3000 
GO TO 107 STR 3010 

106 CONTINUE STR 3020 
107 CONTINUE STR 3030 

RETURN STR 3040 
c STR 3050 

END STR 3060 
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SUBROUTINE ZPOLATE STR 3070 
COMMON /ZDATA/ Z(251tXI1<25ltXI2<25ltZltXIItXIJ STR 3080 
IF <Zl.GT.0.0011 GO TO 101 STR 3090 
XII=0.85 STR 3100 
XIJ=-.85-.lS*ALOGI0.15> STR 3110 
GO TO 104 STR 3120 

101 CONTINUE STR 3130 
DO 103 J=lt24 STR 3140 

IF llZl.GT.ZIJll.AND.IZl.LE.ZIJ+llll GO TO 102 STR 3150 
GO TO 103 STR 3160 

102 I=J•l STR 3170 
c STR 3180 
c IF SE,..ILOG PLOT IS LINEAR STR 3190 
c STR 3200 

A=<Zl-ZII-111/IZ<I>-Z<I-lll STR 3210 
B=Xll 111/Xll 11-1> STR 3220 
C=XI2<Il/XI2<I-l> STR 3230 
XIJ=XI211-l>*IC**Al STR 3240 
XII=Xll<I-ll*(B**A> STR 3250 
GO TO 104 STR 3260 

103 CONTINUE STR 3270 
104 CONTINUE STR 3280 

RETURN STR 3290 
c STR 3300 

END STR 3310 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

101 
102 
103 
104 

105 

106 

64 

SUBROUTINE LNORM INtXtPl 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 POINTStPO ARE PERCENTILES AND XO ARE READ. SIZESSTR 
SET N0=3 UNLES XO ARE REQUIRED. POlll=84tPOl2l=50tP013l=l6 ALWAVSSTR 
VO ARE DEVIATIONS OF PO YOlll=l •• voc21=0 •• voc3>=-l. STR 
IF RANGE OF P .NOT. 15.LT.P.GT.85 ONLY P=SO - P85 USED STR 
IF .NOT. 50.LT.P.GT.85 IT WILL NOT ESTIMATE PARAMETERSTR 
BUT WILL ESTIMATE XO IF NO.NE.O. STR 

COMMON /SNOATA/ FX145ltXX145l 
COMMON /AOATA/ X013ltSIGMA 

STR 
STR 
STR 

OllolENSION XINlt PINlt PO<lOlt YO<lOlt INDl15lt Qll5lt Z<l5lt Y<l5lSTR 
STR 

FIRST ELIMINATE P.LT.0.01 ANO P.GT.99.99 ANO DETERMINE OEVIATESSTR 

N0=3 
P01ll=84. 
P012l=50. 
POC3l=l6. 
VOlll=l. 
V012l=O. 
VOC3l=-l• 
IN=O 
DO 104 I=ltN 

IF llPIIl.GE.99.991.0R.IPIIl.LE.O.Olll GO TO 104 
JN=IN+l 
QIINl=PIIl-50. 
ZIINl=Xlll 
QQ=AASIQllNl l 
DO 102 J=lt45t4 

IF (QQ.LT.FXIJll GO TO 102 
Jl=J-4 
J2=J 
DO 101 l<=JltJ2 

IF I QQ. LT. F X I I< l l GO TO 101 
J3=1<-l 
J4=1< 
YIINl=XXIJ4l+IQQ-FX(J4ll*IXX(J3l-XXIJ4ll/IFXCJ3l-FXIJ4ll 
GO TO 103 

CONTINUE 
CONTINUE 
IF IQIINl.LT.O.l Y!INl=-YIINl 

CONTINUE 

NOW TAKE LOG OF X 

DO 105 J=ltIN 
ZIJl=ALOG!ZIJll 
Pl=Qll)+SO. 
P2=QIINl+SO. 
00 108 J=ltNO 

IF l(P01Jl.LE.Pll.AND.IP01Jl.GE.P2ll 
GO TO 107 
INOIJl=l 
GO TO 108 

GO TO 106 

STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
<;TR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 
STR 

3320 
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 
3R50 
3860 
3870 
3880 
3890 
3900 
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107 IND!Jl=O STR 3910 
108 CONTINUE STR 3920 

c STR 3930 
c PE RC EN TI LES ARE COMPUTED NEXT WHERE POSSIBLE STR 3940 
c STR 3950 

00 113 J=l•NO STR 3960 
IF I IND (JI .EQ.O l GO TO 113 STR 3970 
DO 109 I=ltIN STR 3980 

IF <Y<Il.LE.YO(Jll GO TO 110 STR 3990 
109 CONTINUE STR 4000 

I=JN STR 4010 
110 IF < I-ll 112·111.112 STR 4020 
111 XO!Jl=EXP<Z<lll STR 4030 

GO TO 113 STR 4040 
112 K=I-1 STR 4050 

XO(Jl=Z!Il+(YO!Jl-Y(Ill*IZ!Kl-Z!Ill/(Y(K)-Y(Ill STR 4060 
XO!Jl=EXPIXO!Jll <;TR 4070 

113 CONTINUE STR 4080 
DO 115 J=l•NO STR 4090 

IF IIND!Jl .EQ.Ol GO TO 114 STR 4100 
GO TO 115 STR 4110 

114 CONTINUE STR 4120 
IF IPO!Jl.GT.Pll XOIJl=EXP!Zlll•(YO(Jl-Yllll*IZ!ll-Zl2ll/(Y(ll-STR 4130 
y (2))) STR 4140 
IF· <PO (Jl .LT ,P2) XOIJl=EXPIZCINl+(YO(Jl-YIINll*IZIIN-ll-ZIINll/STR 4150 

l <YIIN-ll-YllNl l l STR 4160 
115 CONTINUE STR 4170 

SIGMA=0.5•!XO(ll/XOl2l+X0!2l/X0!3l) STR 4180 
RETURN <;TR 4190 

c STR 4200 
c STR 4210 

END STR 4220 



COLBY 

LISTING 
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PROGRAM COLBY IINPUToOUTPUToTAPES=INPUTtTAPE6=0UTPUTl COL 10 
C COL 20 
C COL 30 
C DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH COL 40 
C CENTER• FORT COLLINSoCOLORADO 80523 COL 50 
C PURPOSE COMPUTATION OF BED MATERIAL LOAD BY COLBYS COL 60 
C METHOD COL 70 
C REFERENCE COLBYoB.R., DISCHARGE OF SANDS AND MEAN VELOCITYCOL 80 
C RELATIONSHIPS IN SAND-BED STREAMS, PROFESSIONAL COL 90 
C PAPER 462-At l964t U.S. GEOLOGICAL SURVEY. COL 100 
C CORE USAGE CDC 6400 SCOPE 3.3 SYSTEM DEFAULT VALUE• COL 110 
C 43000 OCTAL. COL 120 
C COMPILATION TIME APPROXIMATELY 4 SEC. COL 130 
C CENTRAL PROCESSOR COL 140 
C TIME FOR ONE COL 150 
C SET OF DATA LESS THAN 0.6 SEC. COL 160 
C COL 170 
C INPUT AND OUTPUT DESCRIPTION COL 180 
C COL l 90 
C THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN THE COL 200 
C VALUE OF NDAfAt IN FORMAT IS. NDATA IS THE NUMBER OF SETS OF INPUTCOL 210 
C DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUT DATA COL 220 
C CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY A PRORLEMt COL 230 
C AS DETAILED BELOW. COL 240 
C COL 250 
C THE FIRST CARD IN INPUT IS FOLLOWED BY THE SETS OF INPUT DATA, COL 260 
C TO BE PU~CHED IN FORMAT 6FlO.O COL 270 
C A SET OF INPUT DATA CONSISTS OF THE FOLLOWING VARIABLES. COL 280 
C l l AVERAGE VELOCITY V F .P.S. COL 290 
C 2> HYDRAULIC DEPTH D FT. COL 300 
C 3) WATER SURFACE WIDTH W FT. COL 310 
C 4) TEMPERATURE TF DEG.FAHREN. COL 320 
C 5> MEDIAN BED MATERIAL SIZE D50 MMe COL 330 
C 6) FINE MATERIAL CONCENTRATION FML PPM. COL 340 
C COL 350 
C OUTPUT CONSISTS OF THE TOTAL BED MATERIAL TRANSPORT IN TONS/DAY• COL 360 
C AND A REMARK ON HOW THE COMPUTATIONS WERE CARRIED OUT. COL 370 
C IF REMARK= OKt THE COMPUTATIONS wERE CARRIED OUT SUCCESSFULLY. COL 380 
C IF REMARK= OORt VELOCITY, DEPTH OR BED MATERIAL SIZE IS OUT OF COL 390 
C RANGE. COL 400 
C IF REMARK= TOORt TEMPERATURE IS OUT OR RANGE. COL 410 
C IF REMARK= FOOR• FINE MATERIAL CONCENTRATION IS OUT OF RANGE. COL 420 
C VAR I ABLE RANGE COL 430 
C AVERAGE VELOCITY 1-10 F: P.S. COL 440 
C HYDRAULIC DEPTH 1-100 FT• COL 450 
C WATER SURFACE WIDTH COL 460 
C TEMPERATURE 32-100 DEG.FAHREN. COL 470 
C MEDIAN BED MATERIAL SIZE 0.1-0.8 MM. COL 480 
C FINE MATERIAL CONCENTRATION 0-200000 PPM. COL 490 
C COL 500 
C COL 510 

COMMON /CLBY/ G(4t8t6ltFl5tl0ltTl7t4ltPCllloDF(l0loCF(5)tDPlllloDGCOL 520 
1<4ltVG18loD50G<6ltTEMPl7l COL 530 

DIMENSION II12lt JJl2>• KKl2lo XX12lt YY(2lt ZZC2lo X(2o2lt XA(2>•COL 540 
l XG12lt XT(2o2lt XCT12lt XF12t2 l COL 550 

WRITE (6tl59l COL 560 
READ 15ol62l NOATA COL 570 
00 157 L=ltNDATA COL 580 

READ (5ol63l VtDtWtTFtD50tFML COL 590 



1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
1 
8 

1 
2 
3 

1 
2 

1 
2 
3 
4 
5 

101 

c 
c 
c 

102 

103 

104 

105 

106 

107 

108 
109 

J 
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WRJTF <6.160) L•V•D•WtTFtDSOtFML COL 
DATA ( ( <G<I·J•Kl tl=lt4) •J=l•ij) ·K=lt3l/l-66,o....ao.o.,-0'6.Q_..O,J.-Oo3...-3COL 
0 • 2:.-crfi , ~ • ~, 9...-6'(), 1 • 0, 2-G-;.O 0, l • 0, U,...-0 0, SD-.--0-0, 15·<>-. 0-0 • U...-0 • 9-9COL 
.oo. 1-J .oo.5.IHl.o •• o.1 .Q.l....-{to • .1+-0-0.00.1 ~o.u,.-0-,1~0.1~0.uoL 

s.a-0. 0, • 6.J-<O , 2_2..0-. 0, l • 0, ~ 0 • 0, • ..18, 0 6, 0...-0 0, Q...-0·0 o l_...60 • Z.O • ..f>SCOL 
• ,_l-6 • 3_,.;r-D , S...-0-0 , it..-0 0 • ~ • !Jl...-01> , l ,a..o·o , 3.0-e 0 0 • ~ 0 • l • 0 • • 0 • 8'0 C 0 L 
.oo.H>JJ..<00.36_...0-0.9 .00,23 .oo.6so.oo.60-o oo,15.o-.oo.4J s;;oo,1..z-o-o.ocoL 
,5 • 00 ,2JJ- . 00 t6_a_Q...-t> O • LSOO .o • 0. ~· 0 .O, 0 .O-t 0 • 0, L. 00 • 0 60, .J-<, 0 0'• COL 
3 .,3-0, 3 .JI 0, 1 .;7' •0 --6 t 11,.-0 0, 15 .-0 0, JJ-o 0, l-4 • 0, 2Jl • <fO • 3.5 .--<> 0, 4"'1-;'0 o l-0. 0 • 4COL 
4 ....0 0.55...--00,1 .o. ~0.0,1 ~oo.1)1-S .oo,290.~.soo.o.100.oo.2_o 2 ~00.4coL 
Q.O .OeVJ·O.O/ COL 
DA TA ( ( ( G ( I • J • I( ) • I = l • 4 ) • J = l • B ) • .!S = 4 • 6 ) I 0 .... 0 • o_. 0 ,__o_. 0-.(h 0 .. 0 0 • 0 :ro • 0 • c 0 L 
3 0 , 0 .Jl,6 • 0 ,,0 o , 2...-9 0 , a..-3 0 , l • 0 0 , o .• 0 6 , l .h S 0 , 13...-tl 0 • l z.. 0 0 • 7..-0 0 • G-2'". 0 0 .,3 C 0 L 
1 ... 0 0 • 4.0. 0 0 • S O-. 0 0, 4 .-<J'O, 8 • 00, l 3!r. 0 0 • 2 )-0-. 0 0, 75"'0 0 • L4 • 0 • 2.4 0. 0 0 •COL 
41.Q. OO.l-O .oO. !J--0. o. }5 .OOt6_3 0.oo.o_ .. o .o • .o.O_!...Q.0.0..--0.0..-44·0-.-06.COL 
o. , o. ..~ -'-80, 1...-a o, o_. 6 o. a.. o. tz. o o .i 2. so, lo. o o. •. s. 24'. o o. ).O-e o o. cnL 
s...oo,3_:i..t0 . ~2.oo.18 00.120.00.190.-00.83.oo,180.oo.<.LS~oo.J.ao.o. COL 
2 0 • 0 0, l_9.6'. 0 0, 3.0 • 0 0, ~O. 0 0 t OA1J, 0 ,,.-0, 0 .• -0 t 0_..-0 • 0 • 3, 0. 0 • 0. 0 • 0, 0 • 2. 9, COL 
l .;.-. 0 • 3 , 0 • 0 , l • 0 , l l • 0 , 1 • 1, 3 • 0 , 21 • 0 • 2 9 • 0 • 3 0 • 0 • 3...0 • 0 • 54". 0 • ~ • 0 • 1 0 C 0 L 
.o. uo .o,c,i_ .0• !,.40.0.20.0.0,3.J- .o.1;3s.o.190.o, z..90.o.520.01 COL 
DATA ! <F<I•Jl •I=2t5l •J=l•l0lll.l0tl.60t2e o-.4.20oL.lOtl.6"5,2,75COL 
,4.~~ .1. 0.1 ~o.3, o~ .5.so.1.12.1 .-efo,3.60. o.i_.11.2.95 •• 3 6 .a~ coL 
1 , 1 • 2 0 , 2..-3 0 , S...5'0 , 1 l,.d 0 , l ..,2 2 , 2 ..-1 !:>. 8 • 0 0 , 2,¥. 0 0 • l 2 5 • J<O 0 • 9 • 6 0 • 2 9 • C 0 L 
oo .1.-J o,3_. so.1.c.oo ,43 {00 • .-40,4 .,90,2? .. oo .120.01 coL 
DATA (F(l•I>•I=l.lOlll.o.1.o.1.o.1.o.1.o.1.o.1.o.1.o.1.0.1.01 COL 
DAT A < < T ( I , J l , I= l , 7 J , J= l , 4 J I l .. 2 0, l • 1'5, 1..-10, 0 • 96, 0 • 9 0 • 0. 85 • 0 • ~ 2 •COL 
l.3s.1.25,1.12.o.92,o.06,o.ao.o.1s.1.60.1.•0•1.20.o.a9,o.ao,o.1coL 
2.o.66.2.oo,1.6s.1.30,o.as.o.12.o.63•0.S51 COL 
DATA <DF<I>•I=l•lOll0.10,o.20.o.Jo,o.60.1.oo.2.oo.6.00.10.00.20.coL 
.oo.1.E21. <CF<Iltl=l•S)/9.0tl.E4.S.E4ol.ES.l.5E5/ COL 
DATA (P(IltI=ltlll/0.60.o.90,1.o.1.o.o.a3.o.60.o.40t0.25t0.15tOCOL 
.09t0.05/t(DP(Il·I=l•lll/O.l0tO.l5.o.20.o.30.o.40oO.S0.0.60t0.7COL 
o.o.00.o.90,1.001.1DG<I>·I=l•4)/0.l0•1.o.10.o.100.01.1vG<IJ•I=lCOL 
oij)/l.0,1.s.2.o,3.o,4.o,~.0•8•0•lO.O/t!DSOG<I l tI=l•6l/O.l0,0.20COL 
.o.30.o.40,o.60.o.801.1TEMP<Il•I=l•7l/32.o,4o.o.50.o.10.o.80.o,coL 
90 0 0,lOO.O/ COL 
REMARK=5HOK COL 
tF ((050.LT.DSOG<ll l .OR.<OSO.GT.D50G!6J)) GO TO 101 COL 
GO TO 102 COL 
REMARK=5HOOR COL 
GO TO 155 COL 

LOCATE APPROPRIATE VtDtD50 GRID 

CONTINUE 
IF ! <D.LT.DG <ll l .OR. <D.GT.DG!4) l l 
GO TO 104 
REMARK=5HOOR 
GO TO 155 
IF ((V.LT.V G! lll.OR.!V.GT.VG(8))) 
GO TO 106 
RE"4ARK=5HOOR 
GO TO 155 
IF <TF.EQ.O. l TF=60. 
IF <TF-32.> 107tl08tl08 
REMARK=5HTOOR 
TF=32. 
IF <TF-lOOl 110tll0tl09 
REMARK=5HTOOR 

GO To 103 

GO TO 105 

COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 
COL 

600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
75 0 
760 
770 
780 
790 
800 
810 
820 
83 0 
840 
850 
860 
870 
880 
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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TF=lOO. COL 1190 
110 CONTINUE COL 1200 

IFl=O COL 1210 
ID2=0 COL 1220 
DO 113 I=lo3 COL 1230 

IF ICD.GE.DGIIll.AND.<D.LE.DGII+llll GO TO 111 COL 1240 
GO TO 112 COL 1250 

111 IDl=I COL 1260 
102=1+1 COL 1270 
GO TO 114 COL 1280 

112 CONTINUE COL 1290 
113 CONTINUE COL 1300 
114 IVl=O COL 1310 

IV2=0 COL 1320 
00 117 I=lt7 COL 1330 

IF llV.GE.VGIIll.ANO.<V.LE.VGII+llll GO TO 115 COL 1340 
GO TO 116 COL 1350 

115 IVl=I COL 1360 
IV2=I+l COL 1370 
GO TO 118 COL 1380 

116 CONTINUE COL 1390 
117 CONTINUE COL 1400 
118 10501=0 COL 1410 

10502=0 COL 1420 
00 121 I=lt5 COL 1430 

IF <<050.GE.D50r.<Ill.ANO.<D50.LE.050GII+llll GO TO 119 COL 1440 
GO TO 120 COL 1450 

119 I050l=I COL 1460 
ID502=I+l COL 1470 
GO TO 122 COL 1480 

120 CONTINUE COL 1490 
121 CONTINUE COL 1500 
122 CONTINUE COL 1510 

II<ll=IDl COL 1520 
II<2>=JD2 COL 1530 
JJ(ll=IVl COL 1540 
JJ12l=IV2 COL 1550 
KK<ll=ID501 COL 1560 
KK<2>=ID502 COL 1570 
DO 130 I=lt2 COL 15RO 

Il=IIIIl COL 1590 
XXlll=ALOGlOIDGIIlll COL 1600 
DO 129 J=l•2 COL 1610 

Jl:JJ<Jl COL 1620 
YYIJl=ALOGlOIVGIJlll COL 1630 

00 129 K=l•2 COL 1640 
Kl=KK(Kl COL 1650 
ZZIKl=ALOG10<050GIKlll COL 1660 
IF IG<Il•JltKll-0.l 123tl23ol27 COL 1670 

123 00 125 J3=Jlo7 COL 1680 
IF <GIIltJ3tKll-O.l 12401240126 COL 1690 

124 CONTINUE COL 1700 
125 CONTINUE COL 1710 
126 XIJtKl=ALOGlOIGIIloJ3tKlll+IAL0GlOIVGIJll/VGIJ3lllO(ALOGlCOL 1720 

1 OIGllltJ3+ltKll/GllltJ3tKllll/IALOGlOIVGIJ3+ll/VGCJ3lll COL 1730 
GO TO 128 COL 1740 

127 CONTINUE COL 1750 
XCJtKl=ALOGlOIGCJl,Jl•Klll COL 1760 

128 CONTINUE COL 1770 



c 

129 CONTINUE 
XO=ALOG10!050l•ZZ!ll 
XNl=X!lt2l•X(ltll 
XN2=X!2t2)-X(2tll 
XOEN=ZZ!2l-ZZ!ll 
XA(ll=X<l•ll+XNl*XD/XDEN 
XA<2l=Xl2tll+XN2*XD/XOEN 
XNM=XA(2)•XA!l) 
XV=ALOGlO<~l-YY<ll 
XOY=YY(2l•YY!ll 
XG(Il=XA(ll+XNM*XV/XOV 

130 CONTJNUE 
XNM=XG!2)•XG!ll 
XO=ALOGlO!Ol•XX!l) 
XOEN=XX12l•XX!ll 
GTUC=XG!ll+XNM*XD/XDEN 
GTUC=lO.••GTUC 

70 

C GTUC IS UNCORRECTED GT IN LB/SEC/FT 
c 
c 
C NEXT APPLY F.M.LOAO ANO TEMPERATURE CORRECTIONS 
c 

c 

If <TF-60.l 132tl3ltl32 
131 CFT=l. 

GO TO 137 
132 CONTINUE 

ITl=O 
IT2=0 
00 135 I=l•6 

IF <<TF.GE.TEMP<Ill.ANO.<TF.LE.TEMP!I+llll G-0 TO 133 
GO TO 134 

133 ITl=I 
IT2=I+l 
GO TO 136 

134 CONTINUE 
135 CONTINUE 
136 CONTINUE 

XT!ltll=ALOGlO<T<ITltIOlll 
XT12tll=ALOGlO!T!IT2tIOlll 
XT!lt2l=ALOGlO!T!ITltI02ll 
XT!2t2l=ALOG10!T!IT2tl02l) 
XNT=ALOGlO<TF/TEMP!ITlll/ALOGlOITEMPIIT2l/TEMP<ITlll 
XCT!ll=XT<l·ll+XNT•<xT12.11JxT(ltlll 
XCT12l=XT!lt2l+XNT•<XT12.21-XT(lt2ll 
CFT=XCT<ll+IXCT<2l-XCT!lll*XO/XOEN 
CFT=lO.••CFT 

C FINE MATERIAL LOAD CORRECTION 
c 

137 CONTINUE 
IF (FML-10.l 138tl38tl39 

138 CFF=l. 
GO TO 149 

139 CONTINUE 
IF !FML.GT.l.E+5l REMARK=5HFOOR 
IDl=O 
102=0 
DO 141 I=l •9 

COL 1780 
COL 1790 
COL 1800 
COL 1810 
COL 1820 
COL 1830 
COL 1840 
COL 1850 
COL 1860 
COL 1870 
COL 1880 
COL 1890 
COL 1900 
COL 1910 
COL 1920 
COL 1930 
COL 1940 
COL 1950 
cnL 1960 
COL 1970 
COL 1980 
COL 1990 
COL 2000 
COL 2010 
COL 2020 
COL 2030 
COL 2040 
COL 2050 
COL 2060 
COL 2070 
COL 2080 
COL 2090 
COL 2100 
COL 2110 
COL 2120 
COL 2130 
COL 2140 
COL 2150 
COL 2160 
COL 2170 
cnL 2100 
COL 2190 
COL 2ZOO 
COL 2210 
COL 2220 
COL 2230 
COL 2240 
COL 2250 
COL 2260 
COL 2270 
COL 2280 
COL 2290 
COL 2300 
COL 2310 
COL 2320 
COL 2330 
COL 2340 
COL 2350 
COL 2360 



140 

141 
142 

143 

144 

145 

146 
147 
148 

149 

150 

151 
152 
153 

154 
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IF <<O.GE.DF<Ill.ANO.tD.LE.DF<I•llll GO TO 140 
GO TO 141 
IOl=I 
ID2=I•l 
GO TO 142 

CONTINUE 
CONTINUE 
IF <REMARK.EQ.5HFOOR I l43t l44 
IF1=4 
JF2=5 
GO TO 148 
CONTINUE 
IFl=O 
IF2=0 
DO 147 1=1•4 

IF <<FML.GE.CF<Ill.AND.<FML.LE.CF<I+llll GO TO 145 
GO TO 146 
IFl=I 
IF2=I•l 
GO TO 148 
CONTINUE 

CONTINUE 
CONTINUE 
XF!loll=ALOGlO!F!IFltlOlll 
XF!2t2l=ALOGlO<F<IF2•I02ll 
XF!lo2l=AL0GlO!FIIFloID2ll 
XFl2oll=ALOGlOIFIID2tIOlll 
XNT=IFML-CFIIFll l/ICFIIF2>-CFIIFll I 
XCTlll=XFlltll+XNT*IXF12oll-XFll•lll 
XCT12l=XFllt2l+XNT*IXF12t2l-XFll•2ll 
XNT=ALOGlOID/OF<IDlll/ALOGlOIOF<ID2l/DFIIDlll 
CFF=XCTlll•XNT*IXCT!2l-XCTllll 
CFF=lO.**CFF 
CONTINUE 
TCF=CFT*CFF-1. 
CFO=l. 
IF <1050.GE.0.201.AND.IDSO.LE.0.3011 GO TO 154 
IPl=O 
IP2=0 
DO 152 I=ltlO 

IF !1050.GE.DP!Ill.AN0.1050.LE.DP!I+llll GO TO 150 
GO TO 151 
IPl=I 
IP2=I•l 
GO TO 153 
CONTINUE 

CONTINUE 
CONTINUE 
P2=ALOG10<P<IP2ll 
Pl=ALOGlOIPIIPlll 
XNT=ALOG10!050/0P(JPlll/ALOGlO<OPIIP2l/OPIIPlll 
CFO=Pl+XNT*IP2-Pll 
CFO=lO.**CFO 
CONTINUE 
FFF=CFO*TCF 
FFF=FFF+l. 
GT=FFF*GTUC 
GT=GT*W 
WRITE (6tl6ll GTtREMARK 

COL 2370 
COL 2380 
COL 2390 
COL 2400 
COL 2410 
COL 2420 
COL 2430 
COL 2440 
COL 2450 
COL 2460 
COL 2470 
COL 2480 
COL 2490 
COL 2500 
COL 2510 
COL 2520 
COL 2530 
COL 2540 
COL 2550 
COL 2560 
COL 2570 
COL 2580 
COL 2590 
COL 2600 
COL 2610 
COL 2620 
COL 2630 
COL 2640 
COL 2650 
COL 2660 
COL 2670 
COL 2680 
COL 2690 
COL 2700 
COL 2710 
COL 2720 
COL 2730 
COL 2740 
COL 2750 
COL 2760 
COL 2770 
COL 2780 
COL 2790 
COL 2800 
COL 2810 
COL 2820 
COL 2830 
COL 2840 
COL 2850 
COL 2860 
COL 2870 
COL 2880 
COL 2890 
COL 2900 
COL 2910 
COL 2920 
COL 2930 
COL 2940 
COL 2950 



c 

c 

155 

15~ 
157 

GO TO 156 
CONTINUE 
WRITE (6tl58) 
CONTINUE 

CONTINUE 
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REMARK 

COL 
COL 
COL 
COL 
COL 
COL 

158 FORMAT (5Xt 38HCOMPUTATIONS COULD NOT BE CARRIED OUT t/5Xt 24HDUE COL 
lTO DATA OUT OF RANGEt/5Xt 8HREMARK• tRlO///) COL 

159 FORMAT <1Hlt9Xt 33HCOMPUTATION OF TOTAL BED MATERIALt/lOXt 26HTRANCOL 
lSPORT BY COLBYS METHOD•//) COL 

160 FORMAT <5Xt4HSET tl5/5Xt27HAVERAGE VELOCITY tF12.2tl2H FCOL 
lT.ISEC. t/5Xt27HHYORAULIC DEPTH tF12.2tl2H FT. COL 
2 ,15x,27HWATER SURFACE WIDTH .F12.2.12H FT. .1sx.27HCOL 
3TEMPERATURE tFl2.2tl2H OEG.FAHREN •• 1sx.27HMEDIAN BECOL 
4D MATERIAL SIZE tF12.2•12H MM. t/5Xt27HFINE MATERIAL CONCCOL 
5ENTRATIONtFl2.2tl2H PPM. t/) COL 

161 FORMAT <5Xt24HBED MATERIAL TRANSPORT =tFlS.5tl2H TONS/DAY •/SX,QCOL 
lHREMARK = tRlO///) COL 

162 FORMAT <IS> COL 
163 FORMAT <6FlO.O> COL 

END 
COL 
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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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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PROGRAM MEYER llNPUTtOUTPUTtTAPE5=INPUTtTAPE6=0UTPUTl MEY 
MEY 
MEY 

DEVELOPED 

PURPOSE 

REFERENCE 

CORE USAGE 

COLORADO STATE UNIVERSITY ENGINEERING RESEARCH MEY 
CENTER• FORT COLLINS• COLORADO 80523 MEY 
CALCULATION OF BED LOAD TRANSPORT BY MEYER-PETERMEY 
AND MULLER FORMULAtl948) M~Y 

MEYER-PETfR, E. ANO MULLER• Rot FORMULAS FOR MEY 
BED LOAD TRANSPORTt INTERNATIONAL ASSOCIATION MEY 
FOR HYDRAULIC RESEARCH• SECOND MEETING• MEY 
STOCKHOLM• 1948. MEY 
CDC 6400 SCOPE 3.3 SYSTEM DEFAULT VALUE• MEY 
43000 OCTAL. MEY 

MEY 

INPUT ANO OUTPUT DESCRIPTION 
MEY 
MEY 
MEY 
MEY INPUT CONSISTS Of THE FOLLOWING 

ll VARIABLES VtRtWtSt090t ANO NOt TO BE READ IN FORMAT15FlO.Otll0lMEY 
V AVERAGE VELOCITY FT.ISEC. MEY 
R HYDRAULIC RADIUS FT• MF.Y 
W WATER SURFACE WIDTH FT• MEY 
S ENERGY GRADIENT FT e/fT • MEY 
D90 DIAMETER FOR 90 PERCENT FINER MMe MEY 
NO NO. Of FRACTIONS IN BED MATERIAL MFY 

21 ARRAYS FB<NOltORL<NOltDRU(NDlt TO BE READ IN FORMATl3FlO.Ol MEY 
MEY 
MEY 

FB!Jl FRACTION OF BED MATERIAL IN SIZE FRACTION 
ORL(Jl LOWER LIMIT OF SIZE FRACTIONt IN MM. 
ORU<Jl UPPER LIMIT OF SIZE fRACTIONt IN MM. 

OUTPUT CONSISTS OF THE BED LOAD TRANSPORT IN TONS/DAY. 

DIMENSION fB!lOlt ORL<lOlt DRU<lOl 
READ <Stl02l VtRtWtSt090tNO 
WRITE (6tl04l . 
WRITE 16tl05l VtRtWtStD90 
READ !5tl03l IFB<JltDRL(JltDRU<JltJ•ltNDl 
090=090•().001 
V=V*0.3048 
R=R*0.3048 
IJM=O. 

, ( 

DO 1 0 1 J= 1 t ND ./ 
OM:DM•fB!Jl*<DRLIJl+DRUIJll/2. 

CONT.INUE 
OM=DM•0.001 
x =V/R••0.6667/S••0.5 
XK =26./D90••0.l667 
RAT=XKS/XKR 
GAM=lOOO. 
6R=9.Bl 
GAMP=l6c;O. 
RO=lOOO.IGR 
X=GAM*R*S*RAT**l.5 
Y=0.047*DM*GAMP 
Z=0~25*R0••0.333 
GSP=l<X-Yl/Zl*•l.5 
GS=GSP*2e65/le65 
GS=GS*2.213.28 

\ 

J (' 

r 

( 

MEY 
MEY 
MEY 
MEY 
MEY 
MEY 
MEY 
t.tEY 
MEY 
MEY 
MEY 
MEY 
MEY 
MEY 
MF.Y 
MEY 
MEY 
MEY 
MEY 
MEY 
MEY 
MEY 
MEY 
MEY 
MfY 
MEY 
14FY 
MEY 
MEY 
MEY 
MEY 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
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 
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GS=GS*43.2*W MEY 600 
WRITE 16tl08) MEY 610 
WRITE (6tl06) (J,FBIJ) tDRL(J) tDRUIJ) tJ=l•NDl "IFY 620 
WRITE (6tl07l GS MEY 630 
STOP MEY 640 

C Mn 650 
102 FORMAT <5FlO.OtI10) MEY 660 
103 FORMAT 13FlO.Ol MF'Y 670 
104 FORMAT (lHlt//lOXt 34HCOMPUTATION OF BED LOAD TRANSPORT .11ox, 40HMEY 680 

l8Y MEYER-PETER AND MULLER FORMULA(l948) t//) MEY 690 
105 FORMAT <5Xt27HAVERAGE VELOCITY ,Fl0.2tlOH FT./SEC. o/SXtMFY 700 

127HHYDRAULIC RADIUS tFl0.2tlOH FT. t/5Xt27HwATER SU"lfY 710 
2RFACE WIDTH ,F10.2,10H FT, .1sx.21~ENERGY GRADIENT MEY 720 
3 tFl0.7tlOH FT,/FT. .1sx.27HDIAMETER 90 PERCENT FINER ·FlMEY 730 
40.3,lOH MM, ,//) "IEY 740 

106 FORMAT <1XtilO,Fl0.2t2Fl0.4) MEY 750 
107 FORMAT (//,SXt 25HTOTAL BED LOAD TRANSPORT=tFlS,J, 9H TONS/DAY) MEY 760 
108 FOR"IAT <SXt 40H J FB<Jl DRL<Jl DRU(Jl ,I) "IEY 770 

C MEY 780 
END MEY 790 



MODE INS 

LISTING 
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PROGRAM MOOEINS tINPUToOUTPUToTAPES•INPUToTAPE6=0UTPUTl MOO 10 
c "100 20 
C MOO 30 
C DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH MOO 40 
C CENTERt FORT COLLINS• COLORADOt 80S23. MOO SO 
C PURPOSE COMPUTATION OF TOTAL SEDIMENT DISCHARGE BY MOO 60 
C THE MODIFIED EINSTEIN PROCEDURE. MOO 70 
C REFERENCES U.S. BUREAU OF RECLAMATION PUBLICATION MOO 80 
C STEP METHOD FOR COMPUTING TOTAL SEDIMENT LOAD "100 90 
C BY THE MODIFIED EINSTEIN PROCEDURE• JULY 195S MOO 100 
C <REVISED> ANO ADDENDUM COMPUTATION OF Z FOR USfMOO 110 
C IN THE MODIFIED EINSTEIN PROCEDURE• JUNE 1966. MOO 120 
C CORE USAGE CDC 6400 SCOPE 3.3 SYSTEM DEFAULT VALUE• MOO 130 
C 43000 OCTAL. "!OD 140 
C COMPILATION TIME APPROXIMATELY 8 SEC. "100 150 
C CENTRAL PROCESSOR MOD 160 
C TIME FOR ONE MOO 170 
C SET OF DATA APPROXIMATELY SEC. "100 180 
C MOO 190 
C MOO 200 
C INPUT AND OUTPUT DESCRIPTION MOO 210 
C MOO 220 
C THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN MOO 230 
C THE VALUE OF NOATAt IN FORMAT IS. NOATA IS THE NUMBER OF SETS MOO 240 
C OF INPUT DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUTMOO 2SO 
C DATA CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY MOO 260 
C A PROBLEM• AS DETAILED BELOW. MOO 270 
C MOO 280 
C THE FIRST CARO IS TO RE FOLLOWED RY THE NUMBER OF SETS OF INPUT MOO 290 
C DATAt EACH ONE CONSISTING OF THE FOLLOWINGt IN THE ORDER SHOWN MOO 300 
C MOO 310 
C ll GENERAL OATAt 13 VARIABLES TO BE PUNCHED IN FORMAT t8FlO.Ol MOO 320 
C FOLLOWING IS A LIST OF THE VARIABLES• FORTRAN NAME AND UNITS. MOO 330 
C WATER DISCHARGE DISCH CFS. MOO 340 
C AVERAGE VELOCITY UAVE FT e/SEC. MOO 3SO 
C HYDRAULIC DEPTH DEPTH FT• MOO 360 
C WATER SURFACE WIDTH W FT• MOD 370 
C ARfA AREA SQ.FT• MOD 380 
C TEMPERATURE TEMP DEG.FAPENH. MOD 390 
C KINEMATIC VISCOSITY XNU SQ.FT.ISEC. MOD 400 
C 65 PERCENT FINER DIAMETER MOO 410 
C FOR BED-MATERIAL 06S FT. MOO 420 
C 35 PERCENT FINER DIAMETER MOO 430 
C FOR BED-MATERIAL 035 FT. MOD 440 
C AVERAGE CONCENTRATION CONC PPM. MOO 450 
C SAMPLED SUSPENDED LOAD QSM TONS/DAY MOO 460 
C PORTION OF DEPTH NOT SAMPLED ON FT. MOD 470 
C AVERAGE DEPTH OF SAMPLING OS FT. MOO 480 
C MOO 490 
C 21 INTEGER SELECTORS JIN AND JOUTt TO BE PUNCHED IN FORMAT ?Il. MOO 500 
C JIN SELECTS THE NUMBER AND RANGE IN THE COMPUTATIONAL MOO 510 
C SIZE FRACTIONS. NO IS THE NUMBER OF SIZE FRACTIONS. MOO 520 
C IF JIN=l• THE SIZE FRACTIONS IN THE USBR PUBLICATION WILL BE MOD 530 
C USED. THE FIRST TWO SIZE FRACTIONS WILL BE USED AND THE THIRD MOD 540 
C DELETED• RESULTING IN NO= 10 MOO 550 
C IF JIN=2t THE SIZE FRACTIONS IN THE USBR PUBLICATION WILL BE MOO 560 
C USED. IN THIS CASE THE FIRST TWO SIZE FRACTIONS WILL BE DELETEDMOO 570 
C AND THE THIRD USED INSTEAD• RESULTING IN N0=9 MOO 580 
C If JIN=3o THE USER HAS THE OPTION Of SPECIFYING THE NUM8fR AND MOD 590 
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RANGE OF COMPUTATIONAL SIZE FRACTIONS, IF THIS OPTION IS 
CHOSENt NO SHOULD BE READ IN THE CARO IMMEDIATELY FOLLOWING• 
IN FORMAT Il. 
JOUT SELECTS THE TVPE OF OUTPUT DESIRED. 
IF JOUT=l• OUTPUT WILL CONSIST OF THE GENERAL DATA• CHECK ON 
CONVERGENCE OF Z PRIMEt ANO THE FINAL RESULTS IN 20 COLUMNS• 
AS FOLLOWS. 

ll GEOMETRIC MEAN DIAMETER• IN FT, 
21 PSI 
31 PHI SHEAR 
41 PERCENTAGE OF BED MATERIAL IN SIZE FRACTION 
51 BED LOAD TRANSPORTt TONS/DAV 
61 PERCENTAGE OF SUSPENDED LOAD IN SIZE FRACTION 
71 SAMPLED TRANSPORT IN SIZE FRACTION 
81 MULTIPLIERS 
91 Z PRIME VALUES 
10) A DOUBLE PRIME VALUES 
111 GEOMETRIC MEAN DIAMETER• IN FT 
121 J ONE PRIME 
131 J TWO PRIME 
141 J ONE DOUBLE PRIME 
15> J TWO DOUBLE PRIME 
161 PRODUCT OF JS 
171 I ONE DOUBLE PRIME 
18> I TWO DOUBLE PRIME 
191 PRODUCT OF IS 
201 COMPUTED LOAOt IN TONS/DAV 
IF JOUT=2 IS SELECTED• MOST OF THE 20 COLUMNS WILL BE OMITTED 
IN THE PRINTOUT, ANO. INSTEAD ONLY COLUMNS lt4t5t6 ANO 20 WILL 
BE PRINTED. ADDITIONALLVt ORLCJI ANO ORUCJI• LOWER AND UPPER 
LIMITS OF THE SIZE FRACTION RANGEt IN MMt WILL RE PRINTED TO 
THE LEFT OF THE 5 COLUMNS PREVIOUSLY MENTIONED. 

3l DATA ARRAYS, 

MOD 
MOO 
MOO 
MOD 
MOD 
MOD 
MOO 
MOD 
MOD 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOO 
MOD 
MOO 
MOD 
MOO 
MOO 
MOO 
MOD 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 

IF JIN=l• THE PERCENT OF BED MATERIAL INSIZE FRACTIONS 
AND PERCENT OF SUSPENDED LOAD IN SIZE FRACTIONS FSClOl 
SHOULD BE PUNCHED IN FORMAT 2Fl0,0 

FR Cl 0 l • MOO 

IF JIN=2t FBC91 ANO FSC9> SHOULD BE PUNCHED IN FORMAT 2Fl0,0 
IF JIN=3• THE RANGE OF COMPUTATIONAL SIZE FRACTIONS SHOULD BE 
SPECIFIED IN ADDITION TO THE PERCENTAGES FB ANO FS, 
IF THIS OPTION IS CHOSENt ORLCNDlt ORUCNDI• FBCNOl ANO FS(NOl 
SHOULD BE PUNCHED IN FORMAT 4Fl0,0 
ORLCJl AND DRU(JI ARE THE LOWER AND UPPER LIMITS OF THE SIZE 
FRACTION RANGE• JN MMt RESPECTIVELY, NOTE THAT SIZE FRACTIONS 
SHOULD BE PUNCHED IN ORDER OF INCREASING SIZE, 

MOD 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 

COMMON 
lDS 

COMMON 

/ALL/ DISCHtUAVEtOEPTHtWtAREAtTEMPtXNUt065t035tCONCtQSMt0NtMOO 
MOO 

/ALLB/ D<llltVS<llltFB<lOltFSClOltXMULTClOltJINtJOUTtNOtNDlMOO 
l tN02 

COMMON 
COMMON 
COMMON 
COMMON 

MOO 
/ALLC/ QSP<lOltXIBQBClOltFQLClO> MOO 
/ALLO/ PtAPtAPPClOltZPClO> MOO 
/ALLE/ ORLCllltDRu(lll MOO 
/CEF/ CJ0<2ltCJ112ltCJ2(2ltCJ3C2l•CJ<2>•Cl<2>•C2C2>•C3<2ltCM00 

l4(2ltM 
DIMENSION 

lOL21Cl0lt 

MOO 
COL161l0lt COL17110lt COL18Cl0lt COL19Cl0lt COL20Cl0lt CMOD 
COL22Cl0lt COL23<10lt PSIClOlt PHISH(lOl MOD 

600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
A20 
830 
840 
850 
860 
870 
880 
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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READ (5,120) NDATA MOD 1190 
DO 119 L=ltNOATA ~OD 1200 

WRITE !6tl25l MOD 1210 
WRITE !6tl26l MOD 1220 

ALL INPUT~ MOD 1230 
CALL INPUT2 MOD 1240 
WR _ (6,127) MOO 1250 
WRITE !6tl28l LtDISCHtUAVEtOEPTH,w,AREAtTEMPtXNU•065t035eCONCeQMOO 1260 
SM,ONtOS MOO 1270 

C MOO 1280 
C CALCULATING HYDRAULIC RADIUS•SLOPE RS, PERCENTAGE OF FLOW SAMPLED MOO 1290 
C PFS, AND SEDIMENT DISCHARGE THROUGH THE SAMPLED ZONE QSPT MOD 1300 
C MOD 1310 

CALL RSCOM ex.RS) MOD 1320 
CALL PLATE4 !XtPFStXKSl MOO 1330 
QSPT=QSM*PFS MOD 1340 

C MOO 1350 
C CALCULATING PSI!Jl MOD 1360 
C MOD 1370 

DO 102 J=ltNO MOO 1380 
XPSI=l,65•035/RS MOD 1390 
YPSI=0,66*0!Jl/~S MOD 1400 
XYPSI=XPSI-YPSI MOD 1410 
IF (XYPSI.LT.Ol GO TO 101 MOD 1420 
PSI!Jl=XPSI MOO 1430 
GO TO 102 MOD 1440 

101 PSI!Jl=YPSI MOD 1450 
102 CONTINUE MOO 1460 

C MOO 1470 
C CALCULATING BED LOAD DISCHARGE XIBQB!Jl AND PERCENTAGE OF MOO 1480 
C SUSPENDED MATERIAL IN VARIOUS SIZF FRACTIONS QSP!Jl MOD 1490 
C MOD 1500 

DO 103 J=l•ND MOD 1510 
XX=PSI!Jl MOD 1520 
CALL PLATES !XX,YYl MOO 1530 
PHISH!Jl=YY MOO 1540 
XIBQB(Jl=43.2•w•1200.•PHISH!Jl/2.*D!Jl••1.5•FB!Jl MOD 1550 
QSP!Jl=FS!Jl•QSPT MOO 1560 

103 CONTINUE MOO 1570 
C MOO 1580 
C CALCULATING p, APRIME AP• AND A DOUBLE PRIME APP!Jl MOO 1590 
C MOO 1600 

OXKS=30.2*X*DEPTH/XKS MOD 1610 
P=2.303*AL0GlO<DXKSl MOD 1620 
AP=DN/DS MOD 1630 
DO 104 J=ltND MOO 1640 

APP!Jl=2•0(Jl/DEPTH MOD 1650 
104 CONTINUE MOO 1660 

CALL SOR !NtKl MOD 1670 
Nl=N+l MOD 1680 
NK=N+K MOD 1690 

C MOD 1700 
C IF K IS GREATER THAN 2• . CONTROL BRANCHES TO STATEMENT 30 MOD 1710 
C CALCULATING MULTIPLIERS XMULT!Jl, AND ZPRIME ZP!Jl MOD 1720 
C MOD 1730 

IF !K.GT.21 GO TO 106 MOD 1740 
CALL MULCOM !KtNltNKtKKl MOO 1750 
M=O MOD 1760 
CALL ZPCOM !KKl MOD 1770 
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105 

106 

107 

108 

109 

110 

111 

112 

113 

DO 105 J=loND 
ZP(Jl=ZP(KK)*XMULT(J) 

CONTINUE 
GO TO 110 
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CALCULATING ZP AND VS ARRAYS TO BE FED TO LEAST SQUARE SUBROUTINE 
LSZP\IS 

CONTINUE 
M=O 
DO 107 J=NloNK 

CALL ZPCOM <J> 
CONTINUE 
IF <JOUT,EQ.2) GO TO 108 
WRITE (60121 > 
WRITE (60123> 
WRITE (60124> (JoZPIJloVS(J)oJ=NloNK) 
CONTINUE 
CALL LSZPVS <NloNKoKoVSoZPoAoB> 
A=fXP(A) X Y 
DO 109 J=loND 

XMULT<J>=O,O 
ZP<Jl=A*VS<Jl**A 

CONTINUE '> 

CALCULATING SEDIMENT LOAD BY USING MODIFIED EINSTEINS INTEGRAL 
CHARTS 9ol0oll AND 12 

CONTINUE 
IF <JOUT.EQ,2l GO TO 112 
IF (t<,LT,3> GO TO 111 
WRITF (60122> 
CONTINUE 
IF <JOUT,EQ,2) GO TO 112 
WRITE (6ol23l 
WRITE (60124) (JtZPIJ) tVS(J) oJ=loND> 
CONTINUE 
TQL=O 
TBL=O 
DO 116 I=ltND 

XM=APP<Il 
ZM=ZP<I> 
IF tFB<Il.LT.O,Ol.AND.FStlloLT,0,01) GO TO 114 
IF <FB<I> .u.o.oll GO TO 113 
CALL POLYNML <XMoZMtCOL2l(IloCOL22<IltDUMloOUM2) 
COL23<1>=P*COL2l<Il+COL221Il•lo 
FQL<I>=XIBQB<I>•COL23<1> 
COL16<I>=O. 
COL17<I>=O. 
COLl 8 <I> =O • 
COLl 9 <I> so• 
COL20<l>=O. 
GO TO 115 
CONTINUE 
CALL POLYNML <APoZMtDUMloDUM2oCOL16(1loCOL17tI>> 
CALL POLYNML tXMtZMtDUM3oDUM4tCOL18<I>oCOLl9tI>> 
COL20tI>=tP*COL18<Il+COL19tlll/IP*COL16tI>•COL17tI>> 
FQL<I>=QSP1Il*COL20<Il 
COL2l<I>=O, 

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

c 
c 
c 
c 

114 

115 

116 

117 

COL221Il=O. 
COL231I>=O. 
GO TO 11'5 
CONTINUE 
FQLIIl=O.O 
COLl61Il=O. 
COL171Il=O. 
COLl81I>=O. 
COLl91Il=O. 
COL201Il=O. 
COL2l 1Il=O. 
COL221Il=O. 
COL231Il=O. 
CONTINUE 
TQL=TQL•FQLII> 
TAL=TBL+XIBQBIIl 

CONTINUE 
TSL=TQL-TBL 

PRINTI~G OUTPUT 
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MOO 
MOO 
MOO 
MOO 
MOrJ 
MOrJ 
MOO 
MOrJ 
"100 
MOO 
MOO 
MOO 
MOO 
"IOD 
MOD 
MO D 
"40D 
MOO 
MOD 
MOD 
MOD 

WRITE 16tl29l MOD 
IF IJOUT.EQ.21 GO TO 117 MOD 
WRITE 16t l30) MOD 
WRITE 16t l31 l (JtO IJl tPSI (Jl tPHISHIJl tFB IJl tXI8QBIJl tFS IJl oQSP IMOD 
JltXMULTIJ l tZPIJltAPPIJ>•J=ltND> MOD 
WRITE 16,132> MOD 
WRITE 16.133> IJ.DIJ) tCOLl61J) .coll71J) .coU81J) ·COL191J) tCOL?OMOD 
(J) tCOL21 (J) tCOL22 IJ) tCOL23 IJ) ,FQL IJ) •J=l tND> MOO 
GO TO 118 MOO 
CONTINUE MOO 
WRITE 16tl34l MOD 
WRITE 16,135> IORLIJl tORUIJl ,Q(J) tFBIJl tXl8QBIJl tFSIJ> tFQLIJl •JMOO 

l 
llA 

=l tNOl MOO 
CONTINUE MOD 
WRITE 16tl36l TBLtTSL•TQL MOD 

119 CONTINUE MOD 

FORMAT STATEMENTS 

STOP 

120 FORMAT II5l 

MOD 
MOO 
MOO 
MOO 
MOO 
MOO 

121 FORMAT 111,1ox, 41H ARRAYS ZP ANO VS BEFORE LEAST SQUARE FITt/) 
122 FORMAT (//,lOX, 40H ARRAYS ZP ANO VS AFTER LEAST SQUARE F!Tt/l 

MOD 
MOO 
MOO 123 FORMAT (//tlOX, 35H J ZPIJ) VSIJlt/l 

124 FORMAT ClOX.Il2.2Fl2.6l 
125 FORMAT ( lHl l 
126 FORMAT (40X, 70HCOMPUTATION OF TOTAL SEDIMENT LOAD BY THE 

l EINSTEIN PROCEDURE,///) 
127 FORMAT 132X• lOHDATA INPUT,//) 
128 FORMAT (lOX.4HSET tI5tllOXt 34HWATER DISCHARGE 

1Fl2.2. 13H c.F.s. .11ox. 34HAVERAGE VELOCITY 
2 .F12.2. l3H FT.ISEC. .11ox. 34HHYORAULIC DEPTH 
3 ,F12.2. 13H FT. .11ox. 34HWATER SURFACE WIDTH 
4 .F12.2, 13H FT. ,11ox. 34HAREA 
5 .F12.2. 13H SQ.FT. ,11ox. 34HTEMPERATURE 

MOD 
MOD 

MODIFIEOMOO 
MOD 
MOD 

•MOO 
MOD 
MOD 
MOD 
MOO 

6 .F12.2. 13H OEG.FAHREN •• 11ox. 34HKINEMATIC VISCOSITY 
MOD 
MOO 
MOO 1 .F12.1. 13H SQ.FT./SEC •• 11ox. 34H065 

2370 
2380 
2390 
2400 
2410 
2420 
2430 
2440 
2450 
2460 
2470 
2480 
2490 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
26t>O 
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 oF12.6o 13H FT• o/lOXt 34H035 MOD 2960 
9 oF12.6o 13H FT. o/lOXo 34HAVERAGE CONCENTRAMOO 2970 
*TION .F12.2. 13H PPM. .11ox. 34HSAMPLED SUSPENDMOD 2980 
*ED LOAD oF12.4o 13H TONS/DAY o/lOXo 34HPORTION OF DEMOO 2990 
•PTH NOT SAMPLED ,F12.2. 13H FT. .11ox. 34HAVERAGE OEPMOD 3000 
*TH AT SAMPLING oF12.2o 4H FT.I MOO 3010 

129 FORMAT (//) MOD 3020 
130 FORMAT (5XolHJollXo4HDIJlo7Xo6HPSIIJlo5Xo8HPHISHIJ)o7Xo5HFAIJ)o4XoMOD 3030 

18HXIBQB(Jlo7Xo5HFSIJlo6Xo6HQSPIJlo4Xo8HXMULTIJlo7XoSHZPIJlo5Xo6HAPM00 3040 
2P1Jl/l MOO 3050 

131 FORMAT (4Xol2o4XoF12.6tF12.3tF12o5t6Fl2.3oFl2.6l MOD 3060 
132 FORMAT (//SXtlHJ•llXt4HDIJlt6XtBHC0Ll61Jlt4Xo8HCOL171Jlo4Xo8HCOL18MOD 3070 

l<Jlt4Xt8HCOL191Jlt4Xt8HCOL201Jlo4Xo8HCOL211Jlt4Xo8HCOL221Jlo4XtAHCMOO 3080 
20L231Jlt4Xo9HCOMP.LOAO/l MOO 3090 

133 FORMAT (4Xol2o4XoFl2o6t8Fl2.3oF12.4l MOO 3100 
134 FORMAT <lOXt 84H DRLIJl ORUIJl D<Jl FBIJ l MOD 3110 

l XIBQBIJl FS<Jl FQL(J)o/l MOD 3120 
135 FORMAT 110Xt6Fl2.6oFl2.3l MOO 3130 
136 FORMAT (///t5Xt 34HTOTAL BED LOAD oF16.4o 9H TMOD 3140 

lONS/DAYt/SXo 34HTOTAL SUSPENDED BED MATERIAL LOAD oFl6.4• 9H TONSMOD 3150 
2/DAYo/SXo 34HTOTAL BED MATERIAL LOAD tF16o4• 9H TONS/DAMOD 3160 
3Yl MOO 3170 

C MOO 3180 
ENO MOD 3190 
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SUBROUTINE INPUTl MOO 
MOO 

THIS SUBROUTINE READS IN THE RASIC VARIABLES OF THE PRORLEM MOD 

COMMON /All/ 
lDS 

READ (5tl011 
lDS 

RETURN 

MOD 
DISCHtUAVEtDEPTHtWtAREAtTEMPtXNUt065t035tCONCtQSMtDNtMOD 

"'OD 
DISCHtUAVEtDEPTHtWtAREAtTEMPtXNUt065t035tCONCtQSMtDN•M00 

MOD 
MOD 
MOO 

101 FORMAT (8Fl0.0I MOD 
MOD 
MOD END 

3200 
3210 
3220 
3230 
3240 
3250 
3260 
3270 
3280 
3290 
3300 
3310 
3320 

/ 
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SUBROUTINE INPUT2 MOO 3330 
C MOO 3340 
C THIS SUBROUTINE READS IN ADDITIONAL INPUT ANO FINDS THE VALUE OF MOD 3350 
C NOt THE NUMBER OF SIZE FRACTIONS TO BE USED IN THE COMPUTATION MOO 3360 
C MOO 3370 

COMMON /ALL/ DISCHtUAVEtOEPTHtWtAREAtTEMPtXNUt065tD35oCONCtOSMo0NtMOO 3380 
l OS MOD 3390 

COMMON /ALLS/ D<llltVS<llltFR<lOltFS<lOltXMULT<lOltJINtJOUToNDtNDlMOO 3400 
ltN02 MOO 3410 

COMMON /ALLE/ DRL<llltORU<lll MOO 3420 
DATA (0RL(JltJ=lolll/0,002tO,Ol56t0,002t0,0625t0,125o0,250tOo500•lMOO 3430 

l,000,2,000,4,000t8,000/ MOO 3440 
DATA (0RU(Jl•J=l•lll/O,Ol56tO.Ob25.0.0625,o.125.o.250.o,500.1.ooo.MOO 3450 

12.000.4.000.8.000.16.000/ MOO 3460 
READ (5ol09l JINtJOUT MOO 3470 
IF (JJN,EQ,31 GO TO 106 MOD 3480 
DO 101 J=ltll MOD 3490 

D<J>=<DRL<Jl*DRU(Jll**0,5/304.~ MOD 3500 
VS(J):((2,/3,•32.17*l.65•D(Jl••3,+36.*XNU**2.l••0.5-6.*XNU)/0(JM00 3510 

1 ) MOO 3520 
101 CONTINUE MOD 3530 

NDl=lO MOO 3540 
N02=9 MOD 3550 
IF <JIN,EQ,21 GO TO 103 MOD 3560 
DO 102 J=3tNDl MOD 3570 

D<Jl=O(J+ll MOO 3580 
VS(Jl=VS(J+ll MOO 3590 

102 CONTINUE MOD 3600 
ND=ND l MOO 36 l 0 
GO TO 105 MOO 3620 

103 DO 104 J=loND2 MOD 3630 
D(Jl=D<J+2l MOD 3640 
VS(Jl=VS(J+2l MOD 3650 

104 CONTINUf. MOD 3660 
ND=ND2 MOO 36 70 

105 CONTINUE MOO 3680 
READ (5oll0l <FB<JltFS<Jl oJ=l•NDl MOO 3690 
r.o TO 108 MOO 3700 

106 CONTINUE MOO 3710 
REAO (5tllll ND MOO 3720 
READ (5tll2l (ORL(JltORU(JltFB<JltFS<Jl•J=ltNOl MOO 3730 
DO 107 J=l•ND MOO 3740 

O(J):(ORU(Jl*DRL<Jll**0,5/304,8 MOO 3750 
VS(J):((2,/3,*32,17*l,65*0(Jl••3,+36.*XNU**2,l**0,5-6,*XNUl/0(JMOD 3760 

l l MOO 3770 
107 CONTINUE MOD 3780 
108 CONTINUE MOD 3790 

RETURN MOO 3800 
C MOO 3Al0 

109 FORMAT <211 l MOD 3820 
110 FORMAT <2Fl0,0) MOD 3A30 
111 FORMAT <Ill MOO 3A40 
112 FORMAT (4Fl0,0l MOD 3850 

C MOD 3860 
END MOD 3870 
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SUBROUTINE RSCOM (XtRSl 

THIS SUAROUTINE COMPUTES THE VALUE Of RS BY ITERATION 

MOD 
MOO 
MOO 
MOO 

COMMON /ALL/ 
lDS 

X=l.6 
TOL=0.001 

OISCHtUAVEtOEPTHtWtAREAtTEMPtXNUt065t035tCONCtQSMtONtM00 
MOD 
MOO 
MOO 

Xt<S=D65 
XOKS=l2.27*X*OEPTH/Xl<S 
SRRS=UAVE/132.63*ALOGlO<XOKSl > 
USHP=SRRS«>S.68 
DEL=ll.6°XNU/USHP 
OELKS=XKS/OEL 
CALL PLATE3 <DELKStX2l 
OELX=X-X2 
If <ARS<OELXl.LT.TOLl GO TO 102 
X=X2 
GO TO 101 
CONTINUE 
XDKS=l2.27«>X«>OEPTH/XKS 
SRRS=UAVE/132.63*ALOG10<XOKSll 
RS=SRRS*SRRS 
RETURN 

END 

MOD 
MOO 
MOD 
MOO 
MOO 
MOD 
MOO 
MOD 
MOD 
MOD 
MOD 
MOD 
MOD 
140D 
MOD 
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 IXtPFStXKSl 

THIS SUBROUTINE SUBSTITUTES PLATE FOUR FOR THE ANALYTICAL 
EXPRESSION OF PFS 

MOD 
MOO 
MOO 
MOO 
MOO 

COMMON /ALLI DISCHtUAVEtDEPTHtWtAREA,TEMPtXNUt065t035tCONCtOSMt0NtMOO 
lDS 

XKS=D65 
A=30,2*X/XKS 
YDS=DS*ALOGIA*DSl-DS 
YON=DN*ALOGIA*ONl-DN 
PFS=IYDS-YONl/YOS 
RETURN 

END 

MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 

4140 
4150 
4160 
4170 
4180 
4190 
4200 
4210 
4220 
4230 
4240 
4250 
4260 
4270 
4280 
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SUBROUTINE SOR INtlO MOO 4290 
c ... oo 4300 
c THIS SUBROUTINE COUNTS THE NUMBER OF SIZE FRACTIONS K FOR WHICH MOO 4310 
c THERE IS BOTH BED ANO SUSPENDED DISCHARGEt AND THE NUMBER OF SIZE MOO 4320 
c FRACTIONS N S"'ALLER THAN FIRST K. MOO 4330 
c MOD 4340 

COMMON /ALLB/ DlllloVSlllltF81101tFSl101oXMULTl101tJINtJOUTtNOtN01M00 4350 
l oN02 1400 4360 

J=O MOD 4370 
K=O 1400 4380 
N=O MOO 4390 

101 CONTINUE MOO 4400 
IF IFBIJ•ll.GT.O.OO.AND.FSIJ•ll.GT.0.001 GO TO 103 MOO 4410 
tF IK.NE.01 GO TO 102 MOO 4420 
N=N•l MOO 4430 

102 J=J•l MOO 4440 
IF IJ.EQ.NOI RETURN MOO 4450 
GO TO 101 MOO 4460 

103 CONTINUE MOO 4470 
K=K•l MOO 44AO 
J=J•l MOO 4490 
tF IJ.EQ.NOI RETURN MOO 4500 
GO TO 101 MOO 4510 

c MOO 4520 
ENO MOO 4530 
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SUBROUTINE LSZPVS INltNKtK•X•Y•AtBl MOO 4540 
c MOO 4550 
c THIS SUBROUTINE CALCULATES A LEAST SQUARE FIT FOR ZPRIME ZPIKl ANOMOO 4560 
c VSIK) 1.400 4570 
c MOO 4580 

DIMENSION X<lll• Y<lOl MOO 4590 
SUMX=O. MOO 4600 
SUMY=O. MOO 4610 
SUMXY=O. MOO 4620 
SUMX2=0. MOO 4630 
DO 101 J=NltNK MOO 4640 

XL=ALOG(X(Jll MOO 4650 
SUMX=SUMX•XL MOO 4660 
YL=ALOGIY!Jll MOO 4670 
SUMY=SUMY•YL MOO 4680 
XY=XL*YL MOO 4690 
SUMXY=SUMXY•XY MOO 4700 
X2=XL*XL MOO 4710 
SUMX2=SUMX2•X2 MOO 4720 

101 CONTINUE MOO 4730 
XMEAN=SUMX/K t.400 4740 
YMEAN=SUMY/K t.400 4750 
B=<SUMXY-SUMX*SUMY/Kl/(SUMX2-SUMX*SUMX/Kl MOO 4760 
A=YMEAN-B*XMEAN t.400 4770 
RETURN MOO 4780 

c MOO 47QO 
END MOO 4800 
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SUBROUTINE MULCOM CKtNltNKtKKI MOO 4810 
C MOO 4820 
C T~IS SUBROUTINE CALCULATES THE MULTIPLIERS XMULTCJI MOO 4830 
C MOO 4840 

COMMON /ALLB/ DlllltVSCllltFBClOltFSClOltXMULTClOltJIN•JOUTtNOtNOlMOO 4850 
l tN02 - MOO 4860 

DIMENSION SBSC9l MOD 4870 
IF CK.EQ.01 GO TO 106 MOO 4880 
IF CK.E0.21 GO TO 101 MOO 4890 
KK=Nl MOO 4900 
GO TO 104 MOO 4910 

101 CONTINUE MOD 4920 
DO 102 J=NltNK MOO 4930 

SBSIJl=FBCJl+FSCJI MOD 4940 
l 02 CONTINUE "400 4950 

IF CSPSCNll.GT.SBSINKll GO TO 103 MOD 4960 
KK=NK MOO 4970 
GO TO 104 MOD 4980 

103 KK=Nl MOO 4990 
104 CONTINUE MOO 5000 

DO 105 J=ltNO MOO 5010 
XMULTCJl=CVSCJl/VSCKKll••0.7 MOO 5020 

105 CONTINUE MOO 5030 
GO TO 107 MOO 5040 

106 WRITE C6tl08l MOO 5050 
107 CONTINUE MOO 5060 

RETURN MOO 5070 
C MOO 5080 

108 FORMAT 11ox. 97HBECAUSE NO SIZE FRACTION CONTAINS BOTH BED ANO SUSMOD 5090 
!PENDED DISCHARGE• RESULTS COULD NOT BE OBTAINED> "400 5100 

C MOO 5110 
END MOO 5120 



c 
c 
c 

c 
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SUBROUTINE PLATES IXtYI 

THIS SUPROUTJNE APPROXIMATES PLATE 8 BY A LINE IN LOG-LOG PAPER 

Y=-0.33•ALOGlO<Xl•l.08 
RETURN 

ENO 

Mon 5130 
1.400 5140 
MOD 5150 
MOO 5160 
MOO 5170 
MOO 5180 
MOO 5190 
MOO 5200 



c 
c 
c 
c 
c 

c 

c 
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SUBROUTINE ZPCOM IJI 

THIS SUAROUTINE COMPUTES ZPRIME ZP BY ITERATION 
FIRST, ATRIAL VALUE OF ZP IS CALCULATEOt AND THEN, WITH ANOTHER 
TRIALt A LINEAR INTERPOLATION IS MADE. CONVERGENCE IS VERY FAST, 

MOD 
MOO 
MOD 
MOO 
MOO 
MOD 

COMMON /ALLB/ OlllltVSlllltFBllOltFSllOltXMULT<lOltJINtJOUTtNOtNOlMOO 
l tND2 

COMMON /ALLC/ QSPllOltXIBQBllO)tFQLllOl 
COMMON /ALLD/ PtAPtAPP<lOltZPllO> 
XM=APPIJ) 
RQSP=QSPIJl/XIBQBIJl 
CALL PLATES IRQSP•ZTRY) 
STEP=O,Ol 
KOUNT=O 
IF IJOUT.EQ.2) GO TO 101 
WRITE 16tl06l 

101 CONTINUE 
l 02 CONTINUE 

t<OUNT=KOUNT•l 
IF IKOUNT,GT.lOl GO TO 104 
CALL POLYNML IXMtZTRYtXIlPPtOUMltXJlPPtOUM2l 
CALL POLYNML IAPtZTRYtOUM3tOUM4tXJlPtXJ2Pl 
CRQSP=XIlPP/XJlPPO(POXJlP+XJ2P l 
DCRQ=CRQSP-RQSP 
IF IJOUT.EQ,21 GO TO 103 
WRITE 16tl08l KOUNTtZTRYtRQSPtCRQSPtOCRQ 

103 CON"TINUE 
TOL=O,OlORQSP 
IF IABSIDCRQ),LT.TOL> GO TO 105 
IF !CRQSP,LT,RQSPl ZTRYl=ZTRY-STEP 
IF ICRQSP,GT,HQSP> ZTRYl=ZTRY•STEP 
CALL POLYNML IXMtZTHYltXIlPPtOUMltXJlPPtOUM2l 
CALL POLYNML IAPtZTRYltDUMJtOUM4tXJ1PtXJ2Pl 
CRQSPl=XIlPP/XJlPPO(POXJlP+XJ2P) 
TEMP=IRQSP-CRQSPlOSTEP/ICRQSPl-CHQSPl 
IF ICRQSP,LT.RQSP> ZTRY•ZTRY-TEMP 
IF ICRQSP,GT,RQSP) ZTRY=ZTHY+TEMP 
GO TO 102 

l 04 CONTINUE 
Ii/RITE 16tl07l 

105 ' CONTINUE 
ZPIJl=ZTRY 
RETURN 

MOO 
MOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOO 
MOD 
MOO 
MOD 
MOD 
MOO 
MOD 
MOO 
MOO 
MOD 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOD 
MOD 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOO 
MOO 
MOO 

106 FORMAT (//tlOXt 75H CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY MOO 
lPRINTING OUT VALUES INVOLVEOt/ltl9Xt5HITERet5Xt5HZTRY t6Xt4HHQSPt8MOO 
2Xt5HCRQSPt7Xt4HOCRQl MOO 

107 FORMAT (/lOXt 76HZPCOM DOES NOT CONVERGE WITH 10 ITERATIONS• LAST MOO 
VALUE OF ZP(J) WILL BE USEDt/l MOD 
FORMAT (/l0Xtll2t4Fl2.~l MOD 

END 
MOO 
MOO 

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 
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v c SUBROUTINE PLATE3 IXtYl MOO 5740 
MOO 5750 

c THIS SUBROUTINE APPROXIMATES PLATE 3 BY A SERIES OF EQUATIONS MOO 5760 
c MOO 5770 

IF IX.LE.0.401 GO TO 101 MOO 5780 
GO TO 102 MOO 5790 

l 0 l Y=l.769*ALOGl0tX/0.080l MOO 5800 
GO TO 117 MOO 5810 

102 IF <X.GT.0.40.ANO.X.LE.0.561 GO TO 103 MOO 5820 
GO TO 104 MOO 5830 

103 Y=l.495*ALOG101X/0.0591 MOO 5840 
GO TU 117 MOO 5850 

104 IF IX.GT.0.56.ANO.X.LE.0.761 GO TO 105 MOO 5860 
GO TO 106 MOO 5870 

105 Y=0.92*ALOG101X/O.Ol45l MOO 5880 
GO TO 117 MOO 5890 

106 If IX.GT.0.76.ANOoXeLE.0.961 GO TO 107 MOO 5900 
GO TO 108 MOO 5910 

107 Y=0.292•ALOG10(X/2.9E-061 MOO 5920 
GO TO 117 !o!OO 5930 

108 If IX.GT.0.96.ANO.X.LE.l.351 GO TO 109 MOO 5940 
GO TO 110 MOO 5950 

109 Y=0.277•ALOG10t632000.0/Xl MOO 5960 
GO TO 117 MOO 5970 

110 IF IX.GT.l.35.ANO.X.LEo3.00l GO TO 111 MOO 5980 
GO TO 112 MOO 5990 

111 Y=l.115*ALOG10134.4/Xl MOO 6000 
GO TO 117 MOO 6010 

112 IF IX.GT.3.00oANO.X.LEo4oOOl GO TO 113 MOO 6020 
GO TO 114 MOO 6030 

113 Y=0.725*ALOG101128.0/Xl MOO 6040 
GO TO 117 MOO 6050 

114 IF IX.GT.4.00.ANO.X.LE.6o70l GO TO 115 MOO 6060 
GO TO 116 MOO 6070 

115 Y=Oo399*ALOG1012l60.0/XI MOO 6080 
GO TO 117 MOO 6090 

116 IF IX.GT.6.701 Y=loO MOO 6100 
117 RETURN MOO 6110 

c MOO 6120 
END MOO 6130 
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SUBROUTINE PLATES (XtYI MOD 6140 
c MOD 6150 
c THIS SUBROUTINE APPROXIMATES PLATE 5 BY A SERIES OF EQUATIONS MOD 6160 
c MOI> 6170 

' c MOD 6180 
IF <X.LE.0.771 Y= t7.56/Xl••l.Ol MOD 6190 
IF <X.GT.0.77.AND.X.LE.2.121 Y•<S.35/Xl••l.19 MOD 6200 
IF <X.GT.2.12.ANO.X.LE.4.101 Y:(4.l0/Xl••l.67 MOD 6210 
IF <X.GT.4.lOoAND.X.LE.6.101 Y=C4.10/Xl••2,30 MOD 6220 
IF (X,GT.6.10.ANO,X.LE.ll.OI Y=(4,60/Xl**3.23 MOO 6230 
IF (X,GT.ll.O.AND,X.LE.16,71 Y:(5,66/Xl**4.26 MOO 6240 
IF <X.GT.16.7.ANO,X.LE.22.51 Yz(9,c8/Xl**7.81 MOO 6250 
IF <X,GT.22.Sl Y=<l3.l0/Xl**l2.66 MOO 6260 
RETURN MOO 6270 

c MOO 6280 
END MOO 6290 
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J 
SUBROUTINE POLYNML IAtZtXIltXI2tXJltXJ2l MOO 6300 

C MOO 6310 
C THIS SUBROUTINE COMPUTES THE VALUE OF THE INTEGRALS FROM MODIFIED MOO 6320 
C EINSTEINS PLATES NINE TO TWELVE. THE VALUES IN THE FORMAL PARA- MOD 6330 
C METE~S ARE ARRANGED IN THE FOLLOWING ORDER INPUT At INPUT Zt MOO 6340 
C OUTPUT PLATE NINEt OUTPUT PLATE TWELVEt OUTPUT PLATE TEN• OUTPUT MOO 6350 
C PLATE ELEVEN MOO 6360 
C MOO 6370 

COMMON /CEF/ CJ012ltCJ112>•CJ212ltCJ312>•CJ12l•Cl12loC212loC312loCM00 63~0 
1412> tM MOO 6390 

ISzO MOO 6400 
Xl=O. MOO 6410 
X2=0 • MOO 6420 
IF IA.GE.0.0050.0R.Z.GE.0,81 GO TO 101 MOO 6430 
Al=A MOO 6440 
A•0,0050 MOO 6450 
IS=l MOO 6460 

101 CONTINUE MOD 6470 
IF IM,EQ,01 CALL COEF IA> MOO 6480 
DO 102 I=lt2 MOO 6490 

102 CJII>=lO.••(Cl1Il•C21Il*Z•C3<Il*Z*Z•C41Il*Z**3) ~oo 6500 
/.-?IF ( IS,NE, l I GO TO 103 MOO 6510 

f OAC:0,005 MOO 6520 
CALL SIMPSON 1AloOACtZtXloX21 MOO 6530 
A=A 1 1400 6540 

103 CONTINUE 1400 6550 
FACT=0.216*A**<Z-l.l/ll.-Al**Z MOO 6560 
XJl=Xl+CJlll MOO 6570 
XJ2=X2-CJl2l 1400 6580 
XIl=FACT*XJl MOO 6590 
XI2=FACT*XJ2 1400 6600 
RE TURN "100 66 l 0 

C MOD 6620 
i:NO MOO 6630 
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SUAROUTINE COEF CAI MOO 6640 
COMMON /CEF/ CJOC2l.CJ1<2>•CJ2C2loCJ3<2ltCJ<2loCl<2loC2<21oC3<21•CMOD 6650 

14(21 oM "40D 6660 
AP=ALOG(AI "400 6670 
CLl=l.-A "40D 6680 
CL2=A-l.-A*AP MOO 6690 
CJOCll=ALOGlOICLll MOO 6700 
CJl(ll=ALOGlO(-CLl-API "400 6710 
CJ2<ll=ALOG10(1,IA+2.•AP-Al "400 6720 
CJ3Cll=ALOGlO<l.5+A-3.IA+0.5/(A*Al-3o*API "40D 6730 
CJ0<2l=ALOG10<-CL21 MOO 6740 
CJ1121=ALOG10<-<-CL?.-AP**212.ll MOO 6750 
CJ212l=ALOG101-C-2,+(lo+APl/A+A*ll.-APl+AP**2ll "400 6760 
CJ3(21=ALOG10<-c3.75•CAP•0.5)/(2.oA•Al-3.IA•(l.•APl+A•(AP-l.1-l.5•MOD 6770 

lAP0021 I MOD 6780 
00 101 t=lo2 MOD 6790 

Cl <Il=CJOIII MOO 6800 
C21Il=-l.R3333°CJOIIl•3.*CJ11Il-1.5•CJ21Il+0,3333*CJ31II MOO 6810 
C31Il=c2.*CJO<Il-5,*CJ11I1+4,•CJ21Il-CJ3<II 112. "400 6820 
C4Cil=l-CJOII1+3,*CJ1Cil-3,°CJ2(Jl+CJ3Clll/6, MOO 6830 

101 CONTINUF. "40D 6840 
RETUR"I "IOD 6850 

C MOD 6860 
END '400 6870 



v' 

101 

102 

103 

104 

c 
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SUBROUTINE SIMPSON !XMtXCtZtXJltXJ2l 
DIMENSION YI1!5llt YI2!5ll 
SUMI=O. 
StJMJaO • 
xeia5o.o 
Xtl=0 0 

JCI2=0. 
XMl=O.l 
INOI=O 
IF (XMl .GT .xc> Xl•H'=xc110. 
IF CX,..l.LE.XMl INOI=l 
IF CINOI.EQ.ll X"4l=XM 
DXl=IXMl-XCl/XB 
NX8=XB+lol 
DO 10?. t=ltNXB 

XI=I 
X=XC+IXI-l.l•DXl 
Yil<t>=<<l.-Xl/Xl**Z 
Yt?!IlsYil!Il*ALOG!Xl 

CONTINUE' 
NXEll=NXR-2 
DO 103 t=ltNXRlo2 

SU,..I=SUMI+IYil!I1+4.•Yil<I+ll+Yil!I+2ll 
SUMJ=SUMJ+(YJ2!I1+4o*YI2CI+ll+YI21I+2ll 

CONTINUE 
JCil=Xll+SUMl*OXl/3o 
XI2=Xt2+SUMJ*0Xl13. 
IF IINOI.EQ.ll GO TO 104 
XC=XMl 
XMl=XMl/lO. 
SUMI=O.O 
SUMJ=O.O 
GO TO 101 
t:ONTINUE 
XJl=-XIl 
XJ2=-JCI2 
RETURN 

ENO 

MM 6880 
MOO 6890 
MOO 6900 
"400 6910 
"400 6920 
MOO 6930 
"400. 6940 
MOO 6950 
"400 6960 
"400 6970 
"400 6980 
1400 6990 
1401) 7000 
1o100 7010 
"400 7020 
"400 7030 
MOO 7040 
1400 7050 
"400 7060 
MOO 7070 
1400 7080 
"400 7090 
1.100 7100 
1.100 71l0 
"400 7120 
MOD 7130 
"400 7140 
"400 7150 
"400 7160 
"400 7170 
MOO 7180 
"400 7190 
MOO 7200 
"400 7210 
"400 7220 
MOO 7230 
MOO 7240 
"400 7250 
1.100 7260 

' 
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