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ELECTRONIC COMPUTER PROGRAM ABSTRACT

TITLE OF PROGRAM: COLBY PROGRAM NO. :

PREPARING AGENCY: Simons and Li Engineering

AUTHORS: R. M. Li, R. K. Simons, D. B. Simons

DATE PROGRAM COMPLETED: September, 1979

STATUS OF PROGRAM: Phase - original, Stage - operational

A. PURPOSE OF PROGRAM: To compute the total sediment transport rate in

sand bed streams by Colby's method. References: (a) Colby, B. R.,

"Discharge of Sands and Mean Velocity Relationships in Sand Bed

Streams," Professional Paper 462-A, 1964, U.S. Geological Survey;

(b) Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

B. PROGRAM SPECIFICATIONS:

Language: ANSI Fortran (Fortran IV)

Solution Requirements: Input data

Method of Analysis: Logarithmic interpolation of Colby's graphs using

a table look up scheme.

Size of Object Program: 21,411 characters

External Storage: None

Range of Quantities:

Velocity: 1 - 10 ft/sec

Hydraulic depth: 0.1 - 100 ft

Water surface width

oWater temperature: 32 - 100 F

Median bed material size: 0.1 - 0.8 mm

Fine material concentration: 0 - 150,000 ppm

Dimension System: English, except sediment sizes are input in mm.



2

C. METHODS: The program is written in ANSI Fortran IV. It operates in

both batch and time-share processing modes.

D. EQUIPMENT DETAILS: The program was developed on the Cyber 172 computer

at Colorado State University, but can operate on any compatible system.

No special computer equipment is required.

E. INPUT-OUTPUT: Input data requirements are: Number of data sets to be

analyzed, average velocity (ft/sec), hydraulic depth (ft), water sur

face width (ft), water temperature (oF), median bed material size (mm),

and the fine material concentration (ppm). Output includes the given

data and the total sediment transport rate (tons/day).

F. ADDITIONAL REMARKS: The method is particularly applicable to the

sand-bed river.
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PART I: ENGINEERING DESCRIPTION

1 . PROGRAM NO. :

2. TITLE: COLBY

3. REVISION LOG: N/A

4. PURPOSE OF PROGRAM: To compute sand discharge in streams by Colby's

method. References:

a) Colby, B. R., "Discharge of Sands and Mean Velocity Relationships

in Sand Bed Streams," U.S. Geological Survey Professional Paper

462-A, 1964.

b) Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

5. SOLUTION:

a) The input variables that must be supplied are:

1 - Number of sets of data to be analyzed (NDATA)

2 - Mean velocity (V), ft/sec

3 - Hydraulic depth (D), ft

4 - Width (W), ft

o5 - Water temperature (TF), F

6 - Median bed material size (D50), rom

7 - Fine material load (FML), ppm

The analysis of sand discharge by Colby's method is restricted to

certain ranges of input values. These restrictions are: (1)

velocity 1 - 10 ft/sec, (2) hydraulic depth 0.1 - 100 ft, (3)

water temperature 32 - 100 OF, (4) median bed material size 0.1 

0.8 rom, and (5) fine material load 0 - 150,000 ppm. Whenever the

input values fall outside of these limits, a message is printed

out and the analysis for that set of data stops.
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b) Computation of sand discharge by Colby's method is based on loga

rithmic interpolation of Figures 24 and 26 in Reference a. Figure

26 is the relationship between mean velocity and sand discharge

for four depths of flow (0.1, 1.0, 10, 100 ft). A three-dimensional

matrix of sediment transport at 9 velocities (ft/sec) and 6 sedi

ment sizes for the four depths (0.1, 1.0, 10, 100 ft) is provided

in data statements in the program. First the program finds which

digitized values of sand discharge surround the desired value based

on the given hydraulic conditions. The desired value is inter

polated from the matrix of sand discharge. The interpolation is

performed with respect to sediment size first, then velocity, and

finally depth. Subroutine SEDTRN performs these interpolations.

This subroutine returns to the main program an uncorrected sand

discharge in tons per day corresponding to the given depth,

velocity and sediment size. Three corrections are then applied

to the uncorrected value based on water temperature, fine material

load and median bed material size. Subroutine TMPCOR logarith

mically interpolates a depth vs. temperature matrix of correc

tion values for the given input values of depth and temperature.

This matrix of correction values comes from Figure 24 in Reference

a. The subroutine returns the temperature correction value (CFT)

to the main program. Subroutine FMLCOR logarithmically inter

polates a depth vs. fine material load correction factor matrix

for the given depth and fine material load. Again Figure 24

(Colby) provides the values for the fine material load correction

(CFFML) which is returned to the main program. A final correction

factor for the median bed material size is found by logarithmic
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xl loglO (VI)

x2 loglO (V
2

)

Yl = loglO (Gl )

Y2 = loglO (G
2

)

z = Yl + (x - xl) x (Y2 - Yl)/(x2 - xl)

The desired value for the sand discharge at velocity V is then

G = lOz

6. ACCURACY: N/A

interpolation of another portion of Figure 24 (Colby). Subroutine

MDCOR computes this correction factor (CTIID).

After all correction subroutines and the sediment transport

subroutines have been called, the sediment transport rate (GT) is

computed.

GT = GTUC (l + (CFT x CFFML - 1) x CTIID) x W

loglO (V)x

where GTUC is the uncorrected unit width sand discharge in

tons/day/ft and CFT, CFFML and CTIID are the previously

defined correction factors.

c) Logarithmic interpolation is done by a linear interpolation of

logarithms. For example, let VI and V
2

represent values of

velocity on either side of the input velocity V and G
l

and G
2

represent the respective values of sand discharge at velocities

VI and V2 . Assume all values are for a given depth and bed

material size for the interpolation matrix. Let:
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input variables.

improper input data.

tons per day.

I
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Card 1

Card 2, 3,
... , NDATA

NAME DESCRIPTION FORMAT

NDATA Number of data sets to be analyzed 15

V Mean velocity FlO.2

D Hydraulic depth FIO.2

W Stream width FlO.2

TF Water temperature FIO.2

D50 Median bed material size FIO.2

FML Fine material load FlO.2

comment of OK or input data out of range, and the sand discharge in

Cyber 172 batch system. Normal configuration of CPU, reader and

printer are necessary.

PART II: COMPUTER FUNCTIONAL DESCRIPTION

Figure 3 is the interactive mode listing.

time-share modes. The source listing in Fig. 2 is for batch mode.

1. REVISIONAL LOG: N/A

2. FUNCTIONAL FLOW CHART: (See Figure 1)

3. EQUIPMENT AND OPERATING SYSTEM: The program was developed on a CDC

4. INPUT REQUIREMENTS: The program is written for both the batch and

5. SECONDARY STORAGE INPUT FORMAT: None

6. INPUT DATA DESCRIPTION: The following variable names are used for

7. SUMMARY OF REQUIRED CARDS: (See 6)

8. OUTPUTS: Printed output from the program includes the input data, a

9. OPERATOR INSTRUCTION: None

10. PROGRAM ERROR MESSAGES: None - Program stops would result from
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11. VARIABLE DEFINITIONS:

CFFML - Fine material load correction factor

I
I

CF - Fine material load concentration at which correction factors

are given

I
I
I
I

CFMD - Median diameter of bed load correction factor

CFO - Overall correction factor

CFT - Temperature correction factor

D - Hydraulic depth

DF - Depth array at which sediment size correction is known (10

values)

DG - Depths at which sand discharges and temperature corrections

D50G - Sediment sizes at which sand discharge is known (6 values)

I
I
I

DP

D50

are given

Sediment sizes at which bed material size corrections are given

(11 values)

- Median sediment diameter

I
I

F - Fine material load correction factors at 10 depths and 5

concentrations

FML - Fine material load

I
G - Uncorrected sand discharge at 4 depths, 9 velocities, and

6 sediment sizes

I
I
I

I

GT - Sand discharge

GTUC - Uncorrected sand discharge

ID,ID1, Integers indicating which members of the depth array bound
ID2

the input depth

ID50,ID501, Integers indicating which members of the median sediment size
ID502

array bound the input median sediment size
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IFI,IF2 - Integers indicating which members of the fine material load

array bound the input fine material load

IPI,IP2 - Integers indicating which members of the sediment size array

bound the input sediment diameter

ITI,IT2 - Integers indicating which members of the temperature array

bound the input temperature

IV,IVI, Integers indicating which members of the velocity array bound
IV2

the input velocity

NDATA - Number of data points

P Correction factor array for sediment size at 11 sizes

REMARK - A remark on input data being OK or out of range

I
I
I
I
I
I
I
I

T - Temperature correction factor array at 7 temperatures and

4 depths I
TEMP - Temperature array (7 values)

TF - Water temperature

v - Mean velocity

VG - Velocity array (9 values)

W - Stream width

12. EXAMPLE CASE:

a) Batch mode

COMPUTATION OF TOTAL BED MATERIAL
TRANSPORT BY COLBYS ME1~OD

I
I
I
I
I

SET 1
AVERAGE VELOCITY
HYDRAULIC DEPTH
WATER SURFACE WIDTH
TEMPERATUf1E
MEDIAN BED MATERIAL SIZE
FINE MATERIAL CONCENTRATION

6.63 FT./SEC.
2.50 FT.

170.00 FT.
70.00 DEG.FAHREN.

.495 MM.
10000.00 PPM.

I
I

BED MATERIAL TRANSPORT = 20619.8 TONS/DAY
REMAr~K = OK
TEMPERATURE CORRECTION FACTOR
FINE MATERIAL LOAD CORRECTION FACTOR
MEDIAN BED MATERIAL SIZE CORRECTION FACTOR
OVERALL CORRECTION FACTOR

.052 CP SECONDS EXECUTION TIME

.912
1.226

.609
1.@72

I

I
I
I



ENTE~ THE FOLLOWING INPUT DATA:

6.63 FT./SEC.
2.50 FT.

170.00 FT.
70.00 DEG.FAHREN.

.495 11M.
10000.00 PPM.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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b) Interactive mode

COMPUTATION OF TOTAL BED MATERIAL
TRANSPORT BY COLBYS METHOD

START INPUT DATA IN FREE FORMAT

ENTER THE NUMBER OF SETS OF INPUT DATA
l' 1

AVERAGE VELOCITY IN FEET PER SECOND
l' 6.63

HYDRAULIC DEPTH IN FEET

WATER SURFACE WIDTH IN FEET
l' 170

WATER TEMPERATURE IN DEG. FAHREN.
l' 70.

FINE MATERIAL CONCENTRATION IN PPM. BY WEIGHT
l' 10000.

MEDIAN BED MATERIAL SIZE IN MM
l' .495

SET 1
AVERAGE VELOCITY
HYBRAULI C DEPTH
WATER SURFACE WIDTH
TEMPERATUF,E
MEBIAN BED MATERIAL SIZE
FINE MATERIAL CONCENTRATION

BED MATERIAL TRANSPORT = 20619.8 TONS/DAY
REMARK = OK
TEMPERATURE CORRECTION FACTOR
FINE MATERIAL LOAD CORRECTION FACTOR
MEBIAN BED MATERIAL SIZE CORRECTION FACTOR
OVERALL CORRECTION FACTOR

.081 CP SECONDS EXECUTION TIME

13. JOB PROCESSING TIME:

.912
1..226

.609
1.072

To execute: 0.05 cpu sec (batch)I
To compile: 4.7 cpu sec

I
I
I

0.081 cpu sec (interactive)



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

10

Figure 1. Flow chart of Program COLBY.

IPROGRAM COLBY]

DATA INPUT:
NDATA, V, D, W, TF,

DSO, FML

IPRINT INPUT VARIABLES

DETERMINE WHICH VALUES ON COLBY'S
CURVES BOUND THE INPUT VALUES

IF INPUT VARIABLES OUT OF RANGE
GO TO NEXT DATA SET

COMPUTE UNCORRECTED SAND DISCHARGE
SUBROUTINE SEDTRN

FROM
NDATA

TEMPERATURE CORRECTION
SUBROUTINE TMPCOR

FINE MATERIAL LOAD CORRECTION IPRINT INPUT ,I
SUBROUTINE FMLCOR OUT OF RANGE

MEDIAN PARTICLE SIZE CORRECTION
SUBROUTINE MDCOR

COMPUTE CORRECTED
SAND DISCHARGE

IPRINT SAND DISCHARGE I

~

REPEAT
1 TO



0010
0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
OleO
0130
0140
01~0

0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
Ob30
0640
06::10

OUT OF RANGE.

VAKIABLES.
F.P.S.
FT.
FT.
OEG.FAHREN.
MM.
PPM.

BY THE SETS OF INPUT DATA,

32-100 DEG.FAHREN.
0.1-0.8 MM. I

0-150000 PPM.

11

THE FOLLOwING
V
D
w
TF
050
FML

\

LESS THAN 0.05 SEC.

TEMPERATURE IS OUT OR RANGE.
FINE MATERIAL CONCENTRAriON IS

FlANGE
1-10 F.P.S.
1-100 FT.

REFERENCE

INPUT AND OUTPUT DESCRIPTION

CORE USAGE:

PURPOSE

OUTPUT CONSISTS OF THE TOTAL BED MATERIAL TRANSPORT IN TONS/DAY,
AND A REMARK ON HOW THE COMPUTATIO~S wERE CARRIED OUT.
IF REMARK= UK, T~E COMPUTATIONS WERE CARRIED OuT SUCCESSFULLY.
IF REMARK= OOR, VELOCITY, DEPTH OR BED MAT~RIAL SIZE IS OUT OF
RANGE.
IF REMARK= TOOR,
If REMAKK= FOOR,
VARIABLE
A"tRAGE VELOC ITY
HYURAULIC. DEPTH
wATER SURFACE wIDTH
TEMPERATURE
MEDIAN BED MATERIAL SIZE
FINE MATERIAL. CONCENTRATION

THE FIRST CARD IN INPUT IS FOLLOwED
TO BE PUNCHE0 IN FORMAT 6F10.2
A SET OF INPuT DATA CONSISTS OF
1) AVERAGE VELOCITY
2) HYDRAULIC DEPTH
3) wATER SURrACE ~IDTH

4) TEMPERIITURE
5) MEDIAN ~EO MATERIAL SIZE
6) FINE MATERIAL CONCENTRATION

COMPILAT ION TIME
CENTRAL PROCESSOR
THIE FOR ONE
SET OF DATA

COL.
COL
COL
COL

COLORADO STATE UNIVERSITY ENGINEERING RESEARCH COL
CENTER, FORT COLLINS,COLORAOO 80523 COL
COMPUTATION or HEO MATERIAL LOAO BY COL8YS COL
METHOD COL.
COL8Y,B.R., DISCHARGE OF SANDS AND MEAN VELOCITYCOL
RELATIONSHIPS IN SANO-SEO STREAMS, PROFESSJONAL COL
PAPER 462-A, 1964, U.s. GEOLOGICAL SURVEY. COL
CDC 6400 SCOpE 3.3 SYSTEM DEFAULT VAL.UE, COL
43000 OCTAL. COL
APPROXIMATELy 5 SEC. COL

COL
COL
COL
COL
COL
COL

THE FIRST CA~D IN THE INPUT LOGICAL RECORD SHOULD CONTAIN THE COL
VAL.UE OF NUATA, IN FORMAT IS. NOAlA IS THE NUM~ER OF SETS OF INPUTCOL
DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUT DATA COL.
CUNSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY A PR08LEM, COL
AS DETAILED rlELOw. COL

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

COMMON /CLBY/ --G(4,9,6) F(S,10) T<7,4) COL
1 POll ,OF<IO) CF(5) DPIll) COL
2 DG(4) , '16(9) 050G(b) , TEMPO) COL

COMMON /11 IVIZ) , 10(2) , 1050(2) COL
DATA I I IG(I,J,Kl ,1=1,4) ,J=1,9) .K=I,3)/I.ll,O.3,0.O,0.0,3.1,3.30,Z.5COL

1,2.0,5.4.9.0,10.5,20.0,II.O.2n.O,SO.0.140.0,Io.0,47.0,120.0,480.0,COL
221.0,73.0.~?0.O.10110.0'29.0,IOl.0.390.0,1600.0,42.0,l60.0,700.0,23COL
300.0,59.0,220.0,1050.0,5400.0,0.38,0.0,0.0,0.0,1.6,1.2'.65,.1,3.7,COL
44.7,4.1,3.1,10.0,18.0,28.0,52.0,17.0,39.0,77.0,160.0,27.0,67.0,140COL
5.0,370.0,30.0,95.0,220.0.630.0,59.0,140.0,410.0,1200.0,Bl.0,21S.0,COL
b6IO.O,2000.0,0.14,0.0,U.O,0.O'l.1,0.6,0.14,0.0,3.3,3.0,1.7,0.5,lI.COL
70,14.0,15.0,I3.0,19.0,3~.O,47.o,6e.0,31.0,bO.O,100.0,150.0,43.0,85COL

8.0,140.0,240.0,71.0,135.0,260.0,500.0,100.0,202.0,400,0,710.0/ COL

(
\ P~OGRAM COLBY

C \ 1 (INPUT ,OUTt>U r>
C \.. ......./'

C ""0.£ "ELOPEJ)///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
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

I
I

I

I
I

I
I
I
I
I

I
I

I
I
I
I
I

I
Figure 2. Batch listing, Program COLBY.

I
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.......

, '

'...,.

160

170
180

190

100

210
220
230

130

140

150

200

120

C
C
c

110",D'" CONTINUE
IF IID.LT.DG(I».OR.IO.GT.DGI4») GO TO 120
GO TO 130
REMARK = SHOOR
GO TO 560
IF IIV.LT.VG(1».OR.IV.GT.VGI9») GO TO 140
GO TO 150
REMAJ./K = !:>HOOR
GO TO 560
IF (TF .E(J.O.) TF = 60.
IF (TF - 32.) 160,170,170
REMARK = !>HTOOR
TF = 32.
IF <TF - 100) 190tl90,180
REMARK = SHTOOR
TF = 100.
CONTINUE
DO 220 I = It3

IF I(D.GE.DGII».AND.IO.LE.DGII + 1») GO TO 200
GO TO 210
101 = I
102 = I + 1
GO TO c30
CONTINuE

CONTINUE
CONTINUE
00.270 I = 1.8

IF IV.EQ.VGII + 1l.AND.V.LT.VG(l;I) GO TO 250
If (IV.GE.VGII».A~JD.IV.LE.VGII+ )))) GO TO.240
GO TO 260

"'~~"':-"-OATA' (HG1 1 '-..HK1-, l=lH) ,J'=1,qrite:=~H)1l0.0, o. o',-o~ 0,0. O,It.'75'V033'O-iCoc--oe.6-o~-'"
10,0.0,2.9,2.3,1.0,0.0,10.5,12.0,11.0,7.0,21.0,31.0,38.0,SO.0,3S.0,COL 0670 '
255.0,81.0,110.0,41.0,81.0,125.0,210.0,75.0,130.0,225.0,410.0,106.0COL 0680
3,190.0,320.0,620.0,0.0,0.0,0.0,0.0,0.5.0.0,0.0,0.0,2.8,1.8,0.6,0.OCOL 0690
4,12.0,12.0,10.~,4.5'23.0,30.0'31.0~37.0,39.0,51.0,75.0,10S.0,52.0,COL0100
578.0,120.0,190.0,83.0,130.0,210.0,360.0,115.0,190.0,3OS.0,550.0,0.COL 0110
60,0.0,0.0,0.0,0.4,0.0,0.0,0.0,2.9,1.4,0.3,0.0,13.0,11.0,1.7,3.0,25COL 0120
7.0,29.0,30.0,30.0,41.0,50.0,70.0,93.0,57.0,75.0,110.0,160.0,91.0,lCOL 0730
830.0,200.0,330.0tl25.0,190.0,290.0,slO.01 <.:, . COL 0740

DA1A IIFII,J),I=2,5),J=1,10)/1.10,1.60,2.60,4.70,1.10,1.65,2.75,4.COL 0750
, 190,1.10,1.80,3.00,5.20,1.15,1.90,3.60,7.00,1.20,2.05,4.10,8.30,1.2COL 0760

22,2.20,5.20,11.20,1.2s,2.60,7.AO,22.00,1.21,3.00,9.60,29.00,1.30,3COL 0770
3.40,12.00,41.00,I.40,4.90,22.00,1l0.01 y" " , '" COL 0780:1

DATA IF I I,ll, I=lt 10) 11.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.0, 1.01 COL 0790'':'':·
DATA I IT I I ,J), 1=1 ,7) ,J=l ,4) /1.20, 1.15, 1.05,0.96, 0.90,0.85,0.82, 1.3COL 0800·;'/

.. 15,1.25,1.12,0.92,0.86,0.80,0.15,1.55, 1 •. 40' 1.20,0,90,0.80,0.71,. O.65COL 0810'~.":..;£.":'..'.'.1
2,2.00,1.60,1.2S,0.84,0.71,0.62,0.551 ,. , COL 0820!~~

OATA IOF(I),I=1,10)/0.10.0.20,0.30.0.60,1.00.2.00,6.00.10.00,20.00COL 0830,'
1,1.E2/.(CF(I),I=1.S)/9.0.I.E4.5.E4.1.E5,1.5E51 COL 0840 • !

DATA IP(I),I=1,11)/0.60.0.90,1.0.1.0.0.83.0.60.0.40,0.2S,0.15,0.09COL 0850
1.0.0S/,IOPI!).I=1.11)/0.10.0.15.0.20,0.30,0.40,0.sO.0.60.0.70.0.80COL 0860
2.0.90,1.00/.10G(I),I=1.4)/O.I0.1.0.10.0.100.0/,(VG(I).I=1.9)/1.0.1COL 0870
3.S.2.0.3.0.4.0,S.O,6.0,8.0.10.0/.(PsOG(!),I=1.6)/O.10,O.20,0.30.0.COl 0880
440.0.60.0.80/,(TEMP(I).I=1.7)/32.0,40.0,sO.0.70.0.80. 0,90.0,100.0/COL 0890
~ NOATA .:' COL 0900·

DO 580 N = ltNOATA", COL 0910
':.-JiEAD....600, V,O,lhTF,OsO,FMl· COL 0920

.. ' PRHiI 630 " ,., COL 0930
',~ 640, N.V,D.Io/.TF,D50,FMl' COL 0940
,;' REMARK = 5HOK ' COL 0950

,,;. IF «D50.LT.OSOG(}).OR.ID50.GT.D50GI6») GO TO 100 COL 0960
GO TO 110 COL 0970
REMARK = SHOOR I~~ COL 0980
GO TO 560 COL 0990

,,,,-':.~ ",~ ',:,'" 'I,: COL 10 0 0
':'~:' COL 1010

COL 1020
COL 1030
COL 1040
COL 1050
COL 1060
COL 1070
COL 1080
COL 1090
COL 1100
COL 1110
COL 1120
COL 1130
COL 1140
COL 1150
COL 1160
COL 1170
COL 1180
COL 1190
COL 1200
COL 1210
COL 1220
COL 1230
COL 1240
COL 1250
COL 1260
COL 1270
COL 1280
COL 1290
COL 1300
COL 1310

I
I
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240 IV1 = I
IV2 = I + 1
GO TO 280

250 IVI = 1 + 1
IV2 = 1 + 2
GO TO 280

260 CONTINuE
270 CONTINUt:.
280 CONTINUE

DO 310 I = 1,S
IF «OSO.GE.DSOG(I».ANO.(OSO.LE.D50G(I + 1») GO TO 290
GO TO 300

290 IU501 = I
10502 = I + 1
GO TO 320

300 CONTINUE
310 CONTINUE
320 CONTINUE

IDIl) = 101
10 (2) = 102
IV(1) = IVI
IV (2) = Iv2
1050 (1) = 10501
1050(2) = 10502
ISTOP = 0

C
C COMPUTE UNCORRECTED SEDIMENT TRANSPORT RATE, GTUe IN TONS/DAY/FT
C

CALL SEOTRN (GTUC,IV1,IV2,IoI,I02,I050I,ID502,V,D,D50,ISTOP)
IF (ISTOP.EQ.l) GO TO 580
IF (TF - 60.) 34iJ,330,340

330 CFT = 1.
GO TO 390

340 CONTINUE:.
00 310 I = 1,6

IF «TF.GE.TEMP(I».ANO.(TF.LE.TEM~(I + 1») GO TO 350
GO TO J60

3S0 ITI = I
11'2 = I +
GO TO J80

360 CONTINUE
370 CONTINUE
380 CONTINUE

C
C COMPUTE TEMPERATURE CORRECTION FACTOR, eFT

_C
CALL l~PCOR (CFT,IT1,IT2,IOI,ID2,TF,O)

390 CONTINUE
IF (FML - 10.) 400,400,410

400 CFFML = 1.
GO TO SOO

410 CONTINUE
IF (FML.GT.l.SE + S) REMARK = SHFOOR
DO 430 I = 1,9

IF (<o.GE.OF(!».ANO.<O.LE.OF<I + 1») GO TO 420
GO TO 430

420 101 = I
IU2 = 1 + 1
GO TO 440

430 CONTINUE
440 CONTINUE

If (FML.LE.1.5E + 5) GO TO 450
IF 1 = 4
IF2 = 5
GO TO 490

COL 1330
COL 1340
COL 1350
COL 1300
COL 13"fO
COL 1380
COL 1390
COL 1400
COL 1410
COL 1420
COL 1430
COL 1440
COL 1450
COL 1460
COL 1410
COL 1480
COL 1490
COL 1500
COL 1510
COL 1520
COL 1530
COL 1540
COL 1550
COL 1560
COL 1510
COL 1580
COL 1590
COL 1600
COL 1610
COL 1620
COL 1630
COL 1640
COL 1650
COL 1660
COL 1670
COL 1680
COL 1690
COL 1100
COL 1110
COL 1120
COL 1730
COL 1140
COL 1750
COL 1160
COL 1770
COL 1760
COL 1790
COL 1800
COL 1810
COL 1820
COL 1830
COL 1840
COL 1850
COL 1860
COL 1810
COL 1880
COL 1890
COL 1900
COL 1910
COL 1920
COL 1930
COL 1940
COL 1950
COL 1960
COL 1970
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I
I

I
I

I

I
I
I

I
I
I

I
I

I

I
I

I

+ 11» GO TO 460

* CFMO)

CALL fMlCOR (CfFML,IF1.IF2,IOl,ID2,D,FML)
CONTINUE
CfMO = 1.'
IF (I050.GT.O.20).ANO.(050.LE.0.30» GO TO 550
DO 530 I = It 1 0

If «D50.GE.DP(1».AND.(o50.LE.OP(1 + 1») GO TO 510
GO TO ::'20
IP 1 = I
IP2 = I + 1
GO TO ~40

CONTlNUE
CONTINUE
CONTINUE

COMPUTE fINE MATERIAL LOAD CORRECTION, CFfML

cOMPurE 8EO MATERIAL SIZE CORRECTION, CfMO

SlOP

460

500

510

470
480
490

550

520
530
540

CALL MOCOR (CfMD,IP1,IP2,050)
CONTINUE
CfD = (1. + (CFT * CFfML - 1.)
GT = GTuC * CFO * w
PRI~50, GT,REMARK

_..--,-----~e.~B~l:-N· T _~!0, CFl , Cf f ML • CFMD. CFO
GO TO 570

560 CONTINUE
.eRI~I p20. REMARK

570-" CONT INUE

580 CONTINUE

---COL 1980--'
COL 1990
COl. 2000
COl. 2010
COl. 2020
COl. 2030
COl. 2040
COl. 2050
COL ""'060
COL 2070
COL 2080
COL 2090
COL 2100
COL 2110
COL 2120
COL 2130
COL 2140
COL 2150
COL 2160
COL 2170
COL 2180
COL 2190
COL 2200
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
COL 2370
COL 2380
COL 2390
COL 2400
COL 2410

590 fORMAT (15) COL 2420
600 fORMAT (6FIO.2) COL 2430
610 fORMAT (SX,31HTEMPERATURE CORRECTION FACTOR ,13X,FI0.3,1,5X, COL 2440

1 ~8HFINE MATERIAL LOAD CORRECTION fACTOR ,6X,FIO.3,1,5x,44HHEDIANCOL 2450
2 ~ED MATERIAL SIZE CORRECTION FACTOR ,FIO.3,1,5X, 25HOVERAlL COCOL 2460
3RHECTION fACrOR,19X,fI0.3,111) COL 2470

620 FORMAT (5X,38HCOMPUTATION5 COULD NOT 8E CARRIED OUT ,/5X,34HOUE TOCOL 2480
1 OATA OUT Of RANGE IN COL8YS,/SX,BHREMARK= ,RIO) COL 2490

630 fORMAT (11,9X,33HCOMPUTATION OF TOTAL BEO MATERIAL,/IOX,26HTRANSPOCOL 2500
1Rr BY COLBYS METHOD,II) COL 2510

640 FORMAT (SX,4rlSET ,I5/SX,27HAVERAGE VELOCITY ,F12.2iI2H FCOl 2520
1T./SEC.. ,/SX,27HHYD~AULIC DEpTH .F12.2.12H FT. COL 2530
2 ./5X,27HWATER SURFACE wIDTH ,fI2.2,12H FT. ,/5K,27HCOl 2540
3TEMPERATURE ,f12.2,12H OEG.FAHREN •• /SX.27HMEOIAN BECOL 2550
40 MATERIAL SIZE .f12.3,12H ~~. ./SX,27HFINE MATERIAL CONCCDl 2560
5Ei'lrRATIUN.F12.2,Ie:H PPM. ./) COL 2570

650 FOKMAT (5X.24H~ED MATERIAL TRANSPORT =,flO.I.12H TONS/DAY ./5X,9COL 2580
IHK~MARK = ,RIO) COL 2590
Ei~1J COL 2600
SU~ROUTINE SEDTRN (GTUC.IVl.IV?lDI.lu2,IDSOl.IOb02,V,O,DbO,ISTOP)COl 2610
COMMON ICLby/ G(4,9,6). FI!)tlO) , T<7,4) ,COL 2620

1 P<l1l ,DF(IOI • CF(5) • DP(ll) COL 2630

C
C
C

c
C
C

c

c

c

~-g'6il"-""'Cn10NTmn!UEl:""-------''¥"""-_......"._"'~.~p~,.....-.~,.""'..'""'........_.._-..•. ' .....""-'........:::::c.. "'-=,,':.;.(.;'".:.:.'~

00 480 I = 1,4
.< ';'" IF «FML.GE.CFCI» .AND. (FML~LE.CF·(I

GO TO 470
IFl = I
If2 = 1 + 1
GO TO 490
CONTINUE

CONTINUE
CONTINUE

I
I
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lCFT,ITI,IT2,IDl,102,TF.0)
GI4,9,6) , FIS,IOI
OFII0) , CF(5)
I/G(9) , 050G(6)
CFl (2) , If (2)

2 06(4) , V61~) , 050G(6)
COMMON III 11/(2) ,10(2)
DiMENSION GT1(2) GT(2)
00 110 I = 19 2

110 = lol!)
X = ALOGIOII/)
DO 100 K = 192

11050 = 10501K)
xl = ALOGIOlI/GIII/I»
X2 = ALOGIOlVGlIV2»
IF IGI1!O,IVldlU50).LE.Q.) 60 TO 120
Yl = ALOGIOIGIIIO,IVl,IIOSO»
IF IGllIOdv2d105U) .LE.I).) GO TO 120
V2 = ALOGIOIGIIIO,IV2,II050»

100 6Tl IK) = Yl + IX - Xl) ... IYZ - Vll/IX2 - Xli
X = ALOGlllIOSU)
Xl = ALUGIOI050GIIOSOIII
X2 =ALOGIOID50GlID50211
Yl = GTlIll
Y2 = GTl (2)

110 Grill = Yl + IX - Xl) ... lY2 - VlI/lX2 - Xl)
X = ALOGIO (0)

Xi = ALUGI010GIIOll)
X2 = AL061010GlI0211
Vi = 6T (1)

Y2 = GT(2)
Z = Vi + IX - Xli ... IV2 - Yll/IX2 - Xll
GrUC = 10.'" .. Z
GU TO 130

120 1STOP = 1
PHIbiI b,Q

130 Rt.TUHN

COL 2640
COL 2650
COL 2660
COL 2670
COL 2680
COL 2690
COL 2100
COL 2110
COL 2720
COL 2130
COL 2740
CUL 2750
COL 2760
COL 2770
COL 2780
COL 2790
COL 2800
COL 2810
COL 2820
COL 2830
COL 2840
COL 2850
COL 2860
COL 2810
COL 2880
COL 2890
COL 2900
COL 2910
COL 2920

,COL 2930
COL 2940
COL 2950
COL 2960

TCOL 2970
COL 2980
COL 2990
COL 3000
COL 3010
COL 30CO
COL 3030
COL 3040
COL 3050
COL 30bO
COL 3070
COL 3080
COL 3090
COL 3100
COL 3110
COL 3120
COL 3130
COL 3140
COL 3150
COL 3160
COL 3170
COL 3180
COL 3190
COL 3200
COL 3210
COL 3220
COL 3230
COL 3240
COL 3250
COL 3260
COL 3270
COL 3280
COL 3290

T<7,4)
OPlll1
TEMP I 7)

, T<7,4)
OP I III
TEMP I 7l

, 1050121

OUT ,/IOX,4IHDUE

, TEMP(1)
, 1050121

Fl5tlOl
CFI5l
DSllG(o)
10 12l
CFMl21

GI4,9,61
OF I 10)
I/G(9)
11/(2)
IFIZI

,
. ,

140 FORMAT IIOX,37HCOMPUTATION COULD NOT BE CARRIED
10 DATA OUT Of RANGE IiIl QS VS V GRAPH,II)

END
SUdROUTINE TMPCOR
COMMON ICL8VI

1 P (11)
2 OG(4)

DIMENSION
lIll)= ITl
!TlZI = IlZ
X = ALOGIO (0)

00 100 1 = }, Z
ITC = ITII)
Xl = ALOGIOlDGlIOl)1
X2 = ALUGIOlDGlI0211
VI = ~LOGIOITIITC,IOl)1
V2 = ALUGIOlTlITC,IDZ»

100 CFlII) = YI + IX - Xli ... IY2 - Yl)/IX2 - Xll
X = ALOGIO lTF)
Xl = ALOGIUITEMPIITI»
Xc = ALOGlOlfEMPIITZ)1
YI = CF 1 III
Y~ = CFl (2)
Z = Vi + IX - Xli ... IY2 - Yl)/IX2 - Xll
cFT = 10.'" .. Z
RETURN
END
SUBROUTINE FMLCOR lCFFML,IFl,IF2,IDl,ID2.D.FML)
COMMON ICLByl

1 PIll)
2 OG 141

COMMON III
Dl"'ENSION

C

I

I
I

I

I

I
I
I

I

I

I
I
I

I

I
I

I
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IF (2) : IFl
IF (2) = IF2
X = AI.OG10(0)
00 100 I = 1.2

IlF = IF(ll
Xl =ALOGlO(OF(IOl»
X2 = ALU610(OF(I02»
Y1 = ALOGIOIF(IIf.IDI»
y~ = ALOGIO(F(IIF.I02»

100 CfM(ll = Yl + (X - Xli it IY2 - Yll/(X2 - Xl)
X = ALOGIO IFML)
xl = ALOG10ItF(IFl»
X2 = ALUGlU~CF(IF2»

Yl = CFM (1)
Y2 = CFM (2)

Z = VI + (X - Xl) * (Y2 - YI)/(~2 - Xl)
CffML = 10. it it l
RfTURN
END
SUBROUTINE MOCOR ICFMO.IPl.IP2,D50)
COMMON leLBYI G(4,9,6), F(S,10)

1 PIll) OF(lO) , CF(5)
2 OG( .. ) VG(9) , 050(;(6)

X = AI.OGlO(D50)
Xl = ALOGlO(OP(!Pl»
Xc = ALOGI0IUP(I~2»

Yl = ALOGlOIP(IPl»
Y2 = ALOGI0IP(lP2»
Z = Yl + (X - Xli it IY2 - Ylll(J<2 - Xll
CFMO = 10. it it Z
RUURN
END

, T (7,4)
, OP I 11)
, TEMP (1)

I
I

COL 3300 ICOL 3310
COL 3320
COL 3330

ICOL 3340
COL 3350
COL 33bO
COL 3310
COL 3380

ICOL 3390
COl. 3400
COL 3410
COL 3420
COl. 3430 ICOL 3440
COL 3450
COL 34bO
COL 3410

ICOl. 3480
COL 3490
COL 3500
COL 3510
COL 3520 ICOL 3530
COL 3540
COL 3550
COL 3560

ICOL 3510
COL 3580
COL 3590
COL 3600
COL 3610 I

I
I
I
I
I
I
I
I
I
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Figure 3. Interactive listing, Program COLBY.

OUT OF RANGE.

VARIABLES.
F.P.S.
FT.
FT.
DEG.FAHREN.
MM.
PPM.

BY THE SETS OF INPUT DATA.

32-100 DEG.FAHREN.
0.1-0.8 MM.
0-150000 PPM.

THE FOLLOWING
V
o
W
TF
050
FML

LESS THAN 0.05 SEC.

TEMPERATURE IS OUT OR RANGE.
FINE MATERIAL CONCENTRATION IS

RANGE
1-10 F.P.S.
1-100 FT.

RHERENCE

INPUT AND OUTPUT DESCRIPTION

CORE USAGE

DEVELOPED

THE FIR5T CAHO IN INPUT IS FOLLOWED
TO BE PUNCHED IN FREE FORMAT
A ~ET Of INPUT DATA CONSIS15 OF
1) AVERAGE VELOCITY -
2) HYDRAULIC DEPTH
3) WATER SURFACE wIDTH
4) TEMPERATURE
5) MEDIAN BED MATERIAL SIZE
6) FINE MAfERIAL CONCENTRATION

OUTPUf CONSISTS OF THE TOTAL BED M~TERIAL TRANSPORT IN fONS/DAY,
AND A REMARK O~ HOW THE CUMPUTATIONS wERE CARRIEO 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= fOOR,
IF REMARK= FOOR,
VARIAt3LE:
AVERAGE VELOC ITY
HYORAULIC ,OEPTH
WATER SUHFACE WIDfH
TEMPERATURE.
MEDIAN 8ED MATERIAL SIZE
FINE MATERIAL CONCENTRAfION

PURPOSE

COMPILATION TIME
CENTRAL PROCESSOR
TIME FOR ONE
str OF DATA

PKOGRAM COLBY!
l(INPUT,OUTPUT)

COLIOOIO
COLI0020
COLlOOJO
COLIOO/+O

COLORAOu STATE UNIVERSITY ENGINEERING RESEARCH COLI0050
CENTEH, FORT CULLIN5,C0LOkAOO 80523 COLIOObO
COMPUTATION OF BED MATERIAL LOAD BY COLBYS COLI0070
M£TMOD COLlooao
COLBY,B.R., OISCHARGE OF SANDS AND MEAN VELOCITYCDLI0090
RELATIONSHIPS IN SAND-RED STREA~S, PROfESSIONAL COLIOI00
PAPER 462-A, 1964, U.S. GEOLOGICAL SU~VEY. COLIOIIO
CDC 6400 SCOpE 3.3 SYSTEM DEFAULT VALUE, COLl0120
43000 OCTAL. COLI0130
APPROXIMATELy 5 SEC. COLI0140

COLlOlSO
COLI0160
COLI0170
COLlOIBO
COLl0190
COLl0200

THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN THE COLIOZIO
VALUE OF NOAfA,IN FREE FORMAT.NOATA IS THE NUMBER OF SETS OF INPUTCOLI0220
OATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUf OAf A COLI0230
CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY A PROBLEM, COLI0240
AS DETAILED tiELOW. COLIOZ50

COLl0260
COLl 0270

COCOLI02tlO
COLl 0290
COLl0300
COLI0310
COLl 0320
COLl 0330
COLI 0340
COLl 0350
COLI0360
COLI 0310
COLI0380
COLI0390
COLl0400
COLI0410
COLl0420
COLI0430
COLI0440
COLl 0450 .
COLI0460
COLl0470
COLl 0480
COLl 0490
COLl0500
COLl 051 0
COLlOS20

COMMON /CLtiy/ G(4,9,6) F(5,lO) , T(7,4) COLI0530
1 PIll) OF(10) eFtS) • DP(l.l) COLl0540
2 DG(4) VG('1) • 050G(6) , TEMP(7) COLl05S0

COMMON /11 IV(2), lO(Z) , 1050(2) COLl0560
DATA «(GII,J,K),I=I,4),J=1,9),K=1,3)/1.0,O.3,O.0,0.0,J.l.3.30,2~5COLI0570

1,~~0,5.4,9.0.10.S.20.0,11.0.26.0,50.0.140.0,10.0,47.0,120.0,480.0,COLI0580
221.0.73.0,~20.0,lOOO.0;29.0,101.0.390.0,1600.0,42.0,160.0,700.0,23COLIOS90

300.0,59.0,Z20.0.1050.0,5400.0.0.3P.,1l.0,0.O,0.O,1.6,1.2,.65,.1,3.7,COLI0600
44.7,4.1.3.1.10.0,18.0,28.0,52.0,17.0,39.0,77.0,160.0,27.0.61.0,140COLI0610
5.0,370.0.36.0,~~.O,220.0,630.0.S9.0.140.0,410.0,1200.0,Bl.0,215.0,COLI0620

6010.0.2000.0,0.14,O.u,0.0,0.0'1.1,0.6,0.14,0.0,3.3,3.0,1.7,O.5,11.COLI0630
70,14.0,15.U,13.0,19.0,32.0,4'.0,08.0.31.0.60.0,100.0,150.0,43.0,85COLI0640
8.U,14U.0.240.0.71.0,135.0,2RO.O,SOO.0.100.0,202.0,400.0,710.0/ COLI06S0

I
I
I C

C
C
C

I C
C
C
C

I
C
C
C
C
C

I
c
C
C
C
C

I C
c
C
C

I
C
C
C
C
C

I C
C
C
C

I
C
C
C
C
C

I C
C
C
C

I
C
C
C
C
C

I C
C
C
C

I
C

I
I
I
I
I
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I
I

I
I

I

I
I

I
I
I
I

I
I

I
I

I
I

~o TO 140

GO TO 120

V,o,OSO GRID

CONTINUE
IF IID.lT.DG(11).OR.(D.GT.DGI4»)
GO TO 130
REMARK = SHOOR
GO TO 560
IF IIV.LJ.VGll».OR.IV.GT.VGI9»)
GO TO 150
REMARK = SHUOR
GO TO 560
IF (TF.EO.a.1 IF = 60.
IF ITF - 32.1 160.170,170
REMARK = 5HTOOR
TF = 32.
IF IIF - 100) 190,190,180
REMARK = ~HTOOR

TF = 100.
CONTINUE

lOCATE APPROPRIATE

OAf A ·IIIGII,J,Kl.i=1;41,J=1,91,K=4,61/0.0,0.O,0.O,0.0,U~75,u.J3,0.COLI0660

10,0.O,2.9,2.j,1.O,O.O,lO.5,12.0,11.O,7.0,~1.O,31.0,38.O,50.0,35.0,COLI0670

25~.0,81.0,110.0,47.0,81.0.125.0.210.0.75.0.130.0,225.0,410.0,106.0COLI0680

3,190.0.320.0,620.0,O.0,O.0,O.O.O.0,0.5,0.0,0.0,O.0,?8,1.6,0.6,0.OCOLI0690
4,12.0.12.0,10.0,4.5,23.0,30.0,31.0.37.0,39.0,51.0,75.0,10S.0,S2.0,COLI0700
578.0.120.0,190.0,83.0.130.0,210.0.360.0,115.0,190.0,3OS.0,550.0,0.COLI0710
60,0.0.0.0.0.0,0.4.0.0.0.0,0.0.2.9.1.4,0.3,0.0,13.0.11.0,7.7,3.0,25COLI0720
7.0,29.0,30.0,30.0.41.0,50.0,70.0.93.0,57.0,75.0,110.0.160.0,91.0,ICOLI0730
830.0,200.0,330.0.125.0,190.0.290.0.510.0/ COLI0740

DATA IIFII,Jl,I=2,51,J=1.101/1.10.1.60,2.60,4.70,1.10,1.65,2.75,4.COLI07S0
190.1.10.1.80,3.00.5.20.1.15.1.90.3.60,7.00,1.20,2.05,4.10,8.30,1.2COLI0760
22,2.20.5.20.11.20.1.25.2.60.7.80,22.00,1.21,3.00,9.60.29.00,1.30,3COLI0770
3.40,12.00,~1.00,1.40.4.90,22.00,110.0/ COLI0780

DATA IFll,Il,I=I,10)/1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0/ COLI0790
DATA IITII,J),I=I,7),J=1,4)/1.20,1.15,1.05,O.96,0.90,0.85,0.82,1.3COLIOBOO

15,1.25,1.12,0.92,0.86,0.80,0.75,1.55,1.40,1.20,0.90,0.60,0.71,0.6SCOLIOBI0
2,2.00,1.60,1.25,0.84,0.71,0.62,0.55/ COLIOB20

DATA IDFII),1=1,101/0.10,O.20'0.30,0.60,1.00,2.00,6.00,10.00,20.00COLI0830
1,1.E21,ICFII),1=1,5)/9.0,I.E4'5.E4.1.E5,1.SESI COLI0840

DATA IPIII.1=1,11)/0.60,0.90,1.0.1.0,O.83,0.60,O.40,O.25,0.15,O.09COLIOB50
1,0~05/.10Pllj.I=I,11)/0.10,O.15,O.20.0.30.0.40,O.50.0.60,O.70.0.80COLIOB60
2.0.90,1.o0/.IDGlll,1=1.4)/0.10.1.0,10.0,100.0/,IVGIII,1=1,91/1.0,lCOLI0870
3.S,2.0,3.0,4.0.5.0,6.0,8.0,10.0/.ID50GII),1=1,6)/0.lb,O.20,0.30,0.COlIOS80
44U,0.60,0.80/,ITEMPIIl,1=1,7)/32.0,40.0,50.0,70.0,80.0,90.0,100.0/COLIOB90

PHINT 610 COlI0900
PHINT 620 COLI0910
READ *, NOATA COlI0920
DU 580 N = 1,NDATA COlI0930

PRINT 630 COLI0940
READ *, V COlI09S0
PRINT 640 COlI0960
READ *, D COLI0970
PRINT 650 COLI0980
READ *, W COLI0990
PRINT 660 COlII000
READ *, TF COlI1010
PRINT 670 COLII020
READ *. FML COlII030
PRINT 680 COLI1040
READ *, DSO COLII050
PRINT 690, N,V,O,W,TF,OSO.FML COlI1060
HEMARK = 5HOK COLII070
IF IID50.LT.DSOGll».OR.ID50.GT.DSOGI6») GO TO 100 COLlloeO
GO TO 110 CDLII090
REMARK = 5HOOR COlll100
GO TO 560 COlII110

COll1120
COlIl130
COLl1140
COLll1S0
COll1160
COLl1170
COLI1180
COLI1190
COLl1200
COLI1210
COlI1220
COLl1230
COLI1240
COlII250
COll1260
COLI1270
COlI1280
COll1290
COLl1300
COLI1310

100

C
C
C

110

120

130

140

150

160

170
180

190

I
I
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I

240

290

200

250

COLl1320
COLl1330
COLIl340
COLl1350
COLl1360
COL1l370
COLl1380
COLl1390
COLl1400
COLl1410
COLll420
COL1l430
COLl1440
COLl1450
COLIl460
COLll470
COL1l480
COL1l490
COLl1500
COLI1510
COLll520
COL 11530
COLll540
COLIl550
COLll560
COLlIS70
COL 11580
COLl1590

,COLI1600
COLl1610
COLl1620
COLl1630
COLI1640
COLl16S0
COLl1660
COLl1610
COLll680
COLl1690
COLl1700
COLl1110
COLI1120
COLl1730
COLl1140
COLI1750
CO,L1l760
COLlI17U
COLlU80
COLI 1190
COLll800
COLlIBI0
COLI1820
COLl1830
COLl1840
COLl18!>0
Call 1860
COLI1810
CDLlISBO
COLl1890
COLl1900
COLl1910
COLI 192U
COLl1930
COLI1940
COLl1950
COL1l960
COL1l970

-- - ·00220 1-= 193-- - -_. -- ---
IF IIO.GE.OGII».ANO.IO.LE.DGII + 1)1) GO TO 200
GO TO cIO
101 = I
102 = 1 +
GU TO 230
CONTINUE

CONTINUE
CONTINUE
DO 270 I = 1,8

IF IV.EQ.VGII + II.ANO.V.LT.VG(9)1 GO TO 250
IF llV.GE.VGlll).ANIJ.I'I.LE.VGII + III) GO TO 240
GO TU 260
IVI = 1
IV2 = I + 1
GO TO 280
IVI = 1 + 1
IVt! = I + 2
GO TO 280
CONTINUE

CONTINUE.
CONTINUE.
00 310 I = 1,5

IF 11050.GE.D50GII)I.ANO.I050.LE.D50GII + III) GO TO 290
GO TO 300
11>501 = 1
I050t! = I + I
GO Tll 320
CONTINUE

CONTINUE
COrH INUE
lUlll = 101
10121 = 102
IVIll = IVI
IVl21 = IV2
1050(1) = 10501
1050121 = 10502
ISTOP = 0

COMPUTE UNCORRECTEO SEDIMENT TRANSPORT RATE, GTUC IN TONS/OAY/fT

CALL SEUT~N IGTUC,IVl,IV2,IDl,ID2,10501,ID502,V,O,D50,ISTOPI
IF IISTOP.EQ.ll GO TO 580
If (IF - 60.) 340,330,340

330 CFT = 1.
GO TO 3'10

340 CONTINUE
DO 370'1 = it6

IF IITF.GE.1EMPIIII.ANO.ITF.LE.TEMPII + III) GO TO 350
GO TO 360

350 ITI = 1
112 = 1 + 1
GO TO 380

360 CONTINUE
370 CONTINUE
380 CONTINU!::

COMPUTE TEMPERATURE CORRECTION FACTOR, CFT

CALL TM~COR ICFT,I~11IT2,I01,ID2,TF,DI
390 CONTINUE

1F IF ML - 10. I 400,400, 4 10
400 CFFML = 1.

GO TO 500
410 CONTINUE

If lfML.Gl.l.5E + 5) REMARK = SHFDDR

300
310
320

260
270
280

210
220
230

C
C
C

C
C
C

I

I
I

I

I

I
I

I
I
I
I

I

I

I

I

I
I
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I• CFMO)

CALL MDCOR (CFMD,IP1,IP2,D50)
CONTINUE
CFO = (1. + (CFT· CFFML - 1.)
GT = GTUC * CFO • W
PRINT 700, GT,REMARK
PRINT 590, CFT,CFFMl,CFMO,CFO
GO TO 570
CONTINUE
PRINT 600, REMARK
CONTINUE

CAl.l FMLCOR (CFFML,IFl,IF2,ID1,ID2,O,FML)
CONTINUE '
CFMD = 1.
IF «D50.GT.0.20).ANO.(050.lE.0.30) GO TO 550
00 530 1 = 1,10

IF «D50.GE.OP(I)).ANO.(050.lE.DP(1 + 1))) GO TO 510
GO TO 520
IPI = I
IP2 = I +
GO TO ~40

CONTINUE
CONTINUE
CONTINUE

srop

COMPUTE BED MATERIAL SIZE CORRECTION, CFMO

COMPUTE FINE MATERIAL LOAD CORRECTION, CFFMI.

--COt1"1980
COl.I1990
C0L12000
C0L12010
C0L12020
COLlZ030
COLI2040
COl.12050
COLJ20bO
C0L12070
C0L12080
COLI2090
COLI2100
C01.12110
COLI2120'
COU2130
COl.12140
COl.12150
COLI2160
COLI2170
COLI21BO,
COLI2190
C0L12200
COLI2210
COLI2220
COLI2230
COLl2240
COLI2250
COLI2260
C0L12270
COU2280
C0L12290
C0L12300
C0L12310
C0L12320
C0L12330

- - ---- COl.12340
C0L12350
COl.12360
C0L12370
COl.12380
COl.12390
COl.12400
COLI2410
C0L12420
COLI2430
COLI2440
C0L12450
C0L12460
COLI2470
COLJ2480
C0L12490
COLI2500
C0L12510i
COU2520
COLI2530

590 FORMAT (5X,31HTEMPERATURE CORRECTION FACTOR ,13X,FIO.3,1,5X, COLI2540
1 3liHFINE MATERIAL LOAD CORRECTION FACTOR .bX,FIO.3.1,5X,44HMEDIANCOLI2550
2 btD MATERIAL SllE CORRECTION FACTOR ,FI0.J,I,5X, 25HOVE~AI.I. COCOl.12560
3RRECTION.FACTOR,19X,F10.3.111) COLI2570

600 FORMAT (5X,38HCOMPUTATIONS COULD NOT BE CARRIED OUT ,/5X,34HDUE TOCOl.12580
1 DATA OUT OF RANGE IN COLBYS,/5X.8HREMARK= ,RlO) COLI2590

610 FoRMAr (11,9A.33HCOMPUTATION OF TOTAl. BED MATERIAl,/I0X,2bHTRANSPOCOL12bOO
lRT BY COlBYS METHOD,II) COLI2610

620 FOR~4T (III, 32H START INPUT DATA IN FREE FORMAT,II, 39H ENTER THECOLI2620

580 CUNTINUE

570

560

550

520
530
540

S10

500

460

470
480
490

450

430
440

420

C

C

C

C
C
C

C
C
C

-- -- - - -. --- DO 430 I = 1,9 -.. ---.-- -- --------.- ---",. - -----.--..-~ ... -._-~ .......-
IF «O.GE.OF(I)).ANU.(O.lE.OF(I + 1))) GO TO 420
GO TO 430
101 = I
102 = I + 1
GO TO 440

CONTINUE
CONTINUE
IF (FMl.lE.1.5E + 5) GO 10 450
IFI = 4
IF2 = 5
GO TO 490
CONTINUE
DO 4liO 1 = 1,4

IF «FML.GE.CF(I)).ANO.(FML.LE.CF(I + 1))) GO TO 460
GO TO 470
IFl = I
IF2 = I +
GO TO 490
CONTINUE

CONTINUE
CONTINUE

I
I
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1 NUMBER OF SETS OF INPUT DATA) COLI2630
"630 FuRMAT (""", 32H ENTER THE FOLLOwING INPUT OATA:,11.38H AVERCOLI~640'

lAGE VELO~IrY IN FEET PER SECOND) COLI2650
640 FORMAT (26H HYORAULIC DEPTH IN FEET) COLI2660
650 FOkMAT (30H WATER SURFACE WIDTH IN FEET) COLI2610
660 FORMAT (36H wAfER TEMPERATURE IN DEG. FAHREN.) COLI2680
670 FORMAT (4~H FINE MATERIAL CONCENTRATION IN PPM. BY WEIGHT) COLI2690
680 FORMAT (3JH MEUIAN HEO MATERIAL SIZE IN MM) COLI2100
690 FORMAT (/5X,4HSET .15/5X,~7HAVERAGE VELOCITY ,F12.2,12H COLI2710

1FT./5EC. ./5X,27HHYDRAULIC DEPTH ,F12.2,12H FT. COLI2720
2 ,/SX,27H~ArER SURfACE wIDTH ,F12.2,12H FT. ,/SX,27COLI2730
3HIEMPERATURE ,F12.2,12H DEG.FAHREN.,/5X,27HMEOIAN BCOLI2740
4EO MATERIAL SIZE ,F12.3,12H ~M. ,/5X,21HFINE MATERIAL CONCOLI21S0
5CENTRATION,F12.2,12H PPM. ,I) COLI2760

700 FORMAT (5X,24HBEO MATERIAL TRANSPORT =,F10.1,12H TONS/DAY ,/5X,9COLI2770
1HRt::MARK = ,RIO) COLI2780

ENO CDLI2790
SUBROUTINE SEDrRN (GTUC,IVl,IV2,IDl,I02,IOSOl,ID502,V,D,DSO,ISrOp)COLI2800
COMMON ICUiYl G(4,9,6) F (SolO) , T (7,4) ,COLI2810

1 PIll) DF(lO) CH5) , DP(ll) , COLI28Z0
Z OG(4) VG(9) , D506(6) , TEMP(7) COLI2B30

COMMON III 1'1(2) IU(2) , 1050(2) COLIZ840
OIMENSION GTl(Z) G1(2) COLl28S0
00 110 I = 1,2 COLI28bO

110 = 10(1) COLIZ810
X = ALOGI0(V) COLI2880
00 100 K = 1,2 COLI2890

11050 = I050IK) COLI2900
Xl = ALOGI0(VGIIVl) COLI2910
XZ = ALOGI0(VG(IV2» COLI2920
IF (u(IIU,!Vl,II050).LE.Q.) GO TO 120 COLI2930
Yl = ALOGIO(G(IIO,IVl,IID50» COLI2940
If «;(110,1'12011050) .LE.O.) GO TO 120 CULIZ950
Y2 = ALOGI0(G(IIO,IV~,IIDSO» COLIZ9bO

100 Grl(KI = Yl + (X - Xli It (Y2 - Yl)/(X2 - Xli COLl2970
X = ALOGI0(050) COLI2980
Xl = ALOGI0(050G(I0501» COLl2990
X2 = ALOGIO(D50GII0502)) COLI3000
Yl = GT1(!) COLI3010
YZ = 6Tl(2) CULI3020

110 Gr(l) = Yl + (X - Xl) it (Y2 - ylI/(X2 - Xli COLI3030
X = ALOGI0(O) COLI3040
Xl = ALOGI0WG(IOll) COLI30S0
)(2 = ALOGI0(u(1(ID2) COLI30bO
Yl = GTIll COLlJ010
Y2 = GT(2) COLI3080
Z = Yl + IX - XII It (Y2 - Ylli (X2 - Xli COLI3U,/O
GTUC = 10." It l COLI3100
GO TO 130' COLI3110

120 ISTO? = 1 COLI3120
PHINT 140 COLI3130

130 RETURN COLI3140
C COLI31S0

140 FORMAT (10X,37HCOMPUTATION COULD NOT BE CARRIED OUT ,/IOX,41HDUE TCOLI3160
10 UATA OUT OF RANGE IN QS VS V GRAPH,/) COLI3170

ENO CULI3180
SU~ROUTINE TMPCOR (CFT,IT1,IT2,IOl,!02,TF,D) COLI3190
CUMMON ICL~YI 6(4.9,6), F(S.lU) T(7.4) COLI3200

1 P(ll1 ,DF(10l CF(S) OP <1 11 COLI3210
2 OG(4) , '1(;(9) O~OG(o) TEMPI7I COLI3220

DIMENSION ;CFl(2) If(Z) COLI3230
!T(l) = ITl COLI3240
IT(Z) = Il2 COLl3250
X = ALUGI0ID) COLI3200
00 100 I = 1,Z COLI3~70

ITC = IT (1) COLI3280
Xl = ALOGI0(OG(!Dl» COLI3290
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)(2. = ALG610 (D6 U02.) )
VI = ALOGlOITIITC.IDlll
'1'2 = ALUGIOITIITC.I02»

100 CFIIll = VI + IX - Xl) .. IYZ - Vll/lXZ - x1)
X = ALOGIO\TF)
Xl = ALOG10ITEMPIITl»
Xc = ALOG1011EMPIIT2»
VI = CFl I l)
'1'2 = CFl(2)
Z = VI + IX - Xl> ... IV2 - Vll/IX2 - Xli
Cr"T = 10.'" ... Z
RETURN
END
SU~ROUTINE FMLCOR ICFFML.IFl.lF2.IDl.IDZ.D.FML)
COMMON ICLSYI 614,9.6), FI5,10)

1 PIll) , OFIIO) , CFI~)

2 08(4) , VG(9) 050G(6)
CUMMON III IVIZ) IUIZ)
DIMENSION IFIZ) CFM(2)
IFIl> = IFI
IF (2) = IF2
X = ALOGIO (0)

DO 100 1 = it 2
IlF = IFIll
Xl = ALOGIOIDFIIOl»
X2 = ALOGIOIOFIID2»
VI = ALOGIOIFIllf.IOl»
V2 = ALOG10IFIIIF.ID2»)

100 CFMII) = Yl + IX - xl> ... IY2 - vll/IX2 - Xl>
X = ALOGI0 IFMl)
Xl = ALOGIOICFIIFI»
X~ = ALOGIOICFIIFZ»
VI = CFMIlI
'1'2 = CFM(2)
l = Yl + IX - Xli ... IV2 - VlI/IX2 - Xli
CFfML = 10. * * Z
RE.fURN
£1'10
SU~ROUTINE MOCOR ICFMD,IPl.1P2,D50)
COMMON ICLBV/ GI4,9.6); FIS.IO)

1 PIll) , OF 11 0) • CF (5)
2 D61~) , V6(9) , 0506(6)

X = ALOGIO(D:iO)
Xl = ALOGI010PIIPl»
Xc = AlOGIOIUPIIP2»
Yl = ALOGlOI~llPI»

YC. = AL06IO(PIIPZ»
Z = Yl + (X - Xl) * IY2 - Yl)/IX?, - Xli
CFMD = 10. * * Z
RETURN .
END

• T17,4)
, DP I 11 )
, TEMP(7)
, 1050 (2)

, TI7.4)
, Dr 1111
, TEMP(7)

I
I

cOLI330Q
COLI3310 ICOLl3320
COLl3330
COLl3340
COLl3350

ICOLl33bO
COLI3370
COLI 33tlO
COL13390
COLI3400

ICOLI3410
COLI 3420
COLl31t30
COLI3440
COLl3450 ICOLl3460
COLl3470
COLl3480
COLJ3490

ICOLl3:iOO
COL13SI0
COl.!3520
COL13530
COLI 3:;40 IcOLl3550
COL135bO
COL13570
COL13580

ICOLJ3590
COL13600
COLI3610
COLl3620
COLI3630 IcOLl3640
cOLJ3b50
COLI3660
COLl3670

ICOLl3680

• COLI3690

• cOLI3700
COLI 371 0
COLI3720

ICOLl3130
COLI3740
COLI3150
COLl3160
COLl3710 ICOL131~O

COLl3190
cOLl3BOO

I
I
I
I
I
I
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I ELECTRONIC COMPUTER PROGRAM ABSTRACT

I
I

TITLE OF PROGRAM: EINSTN

PREPARING AGENCY: Simons and Li Engineering

AUTHORS: R. M. Li, R. K. Simons, D. B. Simons

PROGRAM NO. :

I
I
I
I
I

I
I
I
I
I
I
I
I
I

DATE PROGRAM COMPLETED: September, 1979

STATUS OF PROGRAM: Phase - original, Stage - operational

A. PURPOSE OF PROGRAM: To compute bed load by Einstein's method.
I

References: (a) Einstein, H. A., "The Bed-Load Function for Sediment

Transportation in Open Channel Flow," Technical Bulletin 1026, U.S.

Department of AgricultMre, September, 1950; (b) Simons, D. B., and

F. Senturk, Sediment Transport Technology, Water Resources Publica-

tions, Fort Collins, Colorado, 1977.

B. PROGRAM SPECIFICATIONS:

Language: ANSI Fortran IV

Solution Requirements: Input data

Method of Analysis: Computer application of Einstein's bed load

function

Size of Object Program: 21,654 characters

External Storage: None

Restrictions: None

General Equations: See reference

Range of Quantities: Unlimited

Accuracy: N/A

Dimension System: English except sediment sizes are read in mm then

converted to feet in the program.



2 1
C. METHODS: The program is written in Fortran IV in both batch or time- 1

Ishare processing modes. All stops would be unprogrammed, resulting

from improper input variable.

D. EQUIPMENT DETAILS: The program was developed on a CDC Cyber 172 but 1
can operate on any compatible system without special equipment.

Normal configuration of CPU, reader and printer are necessary to run I
1the program in batch mode.

E. INPUT-OUTPUT: Input requirements are: Number of data sets, number

of sediment size fractions, type of sediment size distribution (log- 1
normal or specified as input), frequency of sediment data input,

1
1

discharge (cfs), mean velocity (ft/sec), hydraulic depth (ft), stream

2
width (ft), energy slope (ft/ft), kinematic viscosity (ft /sec),

median'bed material size (rom), gradation coefficient, sediment sizes

(rom) and corresponding percentages if the sediment size distribution 1
was to be specified, D

65
and D

35
(rom). Output includes input data

and bed material transport rate. ·1
F. ADDITIONAL REMARKS: Complete documentation of this program is avail-

able and the method can be used for design purposes.
1
1
I
1
1
1
I
1
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PART I: ENGINEERING DESCRIPTION

1. PROGRAM NUMBER:

2. TITLE: EINSTN Bed load transport in rivers by Einstein's method

3. REVISION LOG: N/A

4. PURPOSE OF PROGRAM: To compute bed load transport in rivers by

Einstein's method. References:

a) Einstein, H. A., "The Bed-Load Function for Sediment Transporta

tion in Open Channel Flow," Technical Bulletin 1026, u.s. Depart

ment of Agriculture, September, 1950.

b) Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

5. STEP SOLUTION:

a) The input variables that must be supplied are:

1 - Number of data sets (NDATA)

2 - Type of sediment size distribution (IDIST)

if IDIST 0, size distribution is read in

if IDIST = 1, a lognormal size distribution is assumed

3 - Frequency of sediment data input (ISED)

if ISED = 0, the same size distribution is used for all flow

conditions

if ISED = 1, a new distribution is read in or computed for

each set of data.

4 - Discharge (DISCH), cfs

5 - Initial estimate of hydraulic radius (RT) , ft

6 - Stream width (W), ft

7 - Energy slope (SS), ft/ft
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8 - Kinematic viscosity of water (VK), ft 2/sec

9 Median bed material size (D50M) , Imn, if IDIST = 1

10 - Gradation coefficient (SIGMA), if IDIST = 1

11 - Number of sediment sizes (NSIZ), if IDIST 0

12 - Upper bound of sediment size in each size fraction (DRU),

if IDIST = 0

13 - Lower bound of sediment size in each size fraction (DRL),

if IDIST = 0

14 - Sediment percentages (PB), decimal fractions if IDIST = 0

15 - D35 (D3,5), nun, if IDIST = 0

16 - D65 (D65) , nun, if IDIST 0

Variables (4) through (8) are read in from 1 to the number of

data sets. Variables (9) and (10) are read in if IDIST = 1.

Variables (11) through (16) are read in if IDIST = O. If ISED

is 1, variables (9) and (10), or (11) through (16), are also

read in from 1 to -the number of data sets. After input of data

for each data set, computation of sediment transport by Einstein's

method can begin.

b) Determine the hydraulic radius with respect to the grain (RBP),

the hydraulic radius for channel irregularities (RBPP), and the

average velocity of the flow (VELAV) by an iterative incremental

search method. This involves subroutine FIG4 and FIG5 in the

search loop. The search balances the resistance along the two

hydraulic radii and the computed velocity in such a way that

the input discharge value is maintained. Subroutine FIG4 com

putes the parameters for rough-smooth transition and FIG5 is

used in computing the shear velocity for channel irregularities.

I
I
I
I
I
I
I
I
I
I
-I·
I
I
I
I
I
I
I
I
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c) Calculate the apparent roughness diameter, DELT, and the ratio of

DELT/DELTA. Determine the characteristic grain size of the mix

ture based on this ratio.

d) Compute the ratio of D65 to the laminar sublayer thickness, XS.

Call subroutine FIGS, which returns the value of the pressure

correction for rough-smooth transition, Y8.

e) Compute the logarithmic function, BETAX, and the parameter of

total transport, PP.

f) In a do-loop from 1 to the number of sediment sizes, compute the

following:

1 - The ratio of the individual grain size D (I) to the charac

teristic grain size of the mixture, CAPX; X7.

2 - Call subroutine FIG7 which returns the value of the hiding

factor for grains in a mixture, Y7.

3 - Compute the intensity of shear for individual particles, PSIS.

4 - Call subroutine FIGIO which returns the value of the intensity

of transport for individual grain size, YIO.

5 - Using YIO compute the bed load transport of the bed material

for each size.

6 - Compute the settling velocity using Rubey's equation SETV and

the exponent of suspended distribution, Z.

7 - Using the ratio of the bed-layer thickness to the water depth,

A and Z. Call subroutine POWER which returns and evaluates

Einstein's integrals XII, XI2, XJI, XJ2.

8 - Compute the total transport (suspended and bed load) of bed

material for each size, TSD.
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g) Sum transport of individual dizes to obtain total transport.

g) Print input data and sediment transport by sizes and in total.

6. ACCURACY: N/A

I
I
I
I
I
I
-I
I
I
I
-I·
I
I
I
I
I
I
I
I
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PART II: COMPUTER FUNCTION DESCRIPTION

Card 1

Card 2

Card 2

Card 3

FORMAT

IS

15

15

FlO.2

DESCRIPTION

Number of data sets

Type of sediment size distribution.

If IDIST = 0, size distribution is

read in; if IDIST = 1, a lognormal

distribution is computed.

Frequency of sediment data input.

If ISED = 0 one size distribution

is used for all data sets; if ISED

= 1, a new size distribution is read

in for each data set.

Water discharge, cfs

REVISION LOG: N/A

FUNCTIONAL FLOW CHART: (See Figure 1)

EQUIPMENT AND OPERATING SYSTEM: The program was developed on a CDC

Cyber 172. Normal configuration of CPU, reader and printer are nec

essary to run the program in the batch mode.

INPUT REQUIREMENTS: The program is written for either the time-share

or batch processing mode. The source listing (Fig. 2) is for batch.

Figure 3 is the interactive mode listing. Input data for batch are

described below. For time share mode the user is prompted for nec

essary inputs.

SECONDARY STORAGE INPUT FORMAT: None

INPUT DATA DESCRIPTION: The following variable names are used for

input variables:

NAME

NDATA

IDIST

ISED

DISCH

l.

2.

3.

4.

5.

6.

I'

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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NAME DESCRIPTION FORMAT 1
RT Hydraulic radius, ft FIO.2 Card 3

I
w Stream width, ft FlO.2 Card 3

SS Energy slope, ft/ft EIO.4 Card 3 1
2

VI< Kinematic viscosity, ft /sec EI0.4 Card 3

D50M Median sediment size, nnn FI0.4 Card 4 If 1
IDIST

SIGMA Gradation coefficient FI0.4 Card 4 = 1

1
NSIZ Number of sediment sizes 15 Card 4 If

IDIST
= 0 ·1

Repeat Cards 3 through 5 + NSIZ + 1 from 1 to NDATA if

Repeat Card 3 from 1 to NDATA after sediment data cards if

IDIST = 0 and ISED = o.

PB Sediment percentage array

1
1
1
·1

I
1

Card
5 + NSIZ
+ 1 if
IDIST = 0

FI0.4

FI0.4 If IDIST
= 0

FI0.4 Card 5
through

FI0.4 5+ NSIZ

FI0.4

is finer, nmi

is finer, mm

Lower bound sediment size, nnn

D65 Sediment size for which 65% of sample

DRL

D35 Sediment size for which 35% of sample

DRU Upper bound sediment size, nnn

IDIST = 0 and ISED = 1.

7. SUMMARY OF REQUIRED CARDS: (See 6)

8. OUTPUTS: Printed output generated by Program EINSTN includes the

input data and a table of five columns containing sediment fractions

percentage, geometric mean size for that fraction, bed load, sus-

pended load and total load. Also the sum of the individual bed

loads, suspended loads and total loads are printed out.

9. OPERATOR INSTRUCTIONS: None

1
1
I
1
I
1
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11. VARIABLE DEFINITIONS:

IDIST - Sediment size distribution type

NDATA - Number of data sets

10. PROGRAM ERROR MESSAGES: None - Program stops would result from

improper data input.

Number of size fractions

- Ratio of bed layer thickness to water depth,

- Lower limit of sediment size in each fraction, mm

Upper limit of sediment size in each fraction, mm

- Particle diameter for which 35% of the sample is finer, mm.

- Median particle diameter, mm. Convert to ft

Particle diameter for which 65% of the sample is finer, mm.

- Acceleration of gravity, ft/sec2

A

BD - Bed load in each size fraction, tons/day

BETAX - A logarithmic function

CAPX - Characteristic grain size of mixture, ft

D - Bed material sizes, ft

DELT - Apparent roughness diamter, ft

DELTA - Thickness of the laminar sublayer, ft

DISCH - Water discharge, cfs

Dll

DW

D35

D50M

D65

G

NSIZ

PB - Bed material percentages (decimal fractions)

PP - Parameter of total transport

PSIS Intensity of shear for individual grain size

RATIO - Ratio of DELT/DELTA

RBP Hydraulic radius with respect to the grain

RBPP - The difference between RT and RBP, or RT-RBP.

I'
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



RT

SD

10

- Hydraulic radius of total section, ft

- Suspended bed load by fractions, tons/day

I
I
I

SDB - Total bed material load, tons/day

SDS - Total suspended bed material load, tons/day,

SDT - Total sediment load, tons/day

SETV - Settling velocity, ft/sec

SIGMA - Gradation coefficient

SIP Intensity of shear on representative particle, lb/ft
2

SS - Energy slope, ft/ft

SVP Shear velocity with respect to the grain, ft/sec

SUPP - Shear velocity for channel irregularities, ft/sec

TSD - Total sediment load by sizes, tons/day

VELAV - Mean velocity, ft/sec

2
VK - Kinematic viscosity of water, ft /sec

W - Stream width, ft

X - Sediment diameter, mm

XII - Value of integral 11

XI2 - Value of integral 12

XJl Value of integral Jl

XJ2. - Value of integral J2

XM - Ratio of bed layer thickness to water depth

X4 - Ratio of roughness diameter to the laminar sublayer thickness

X7 - Ratio of sediment diameter to characteristic grain size of

the mixture

I
I
I
I
I
I
I
,I.
I
I
I
I
I

X8

XI0

Y4

- Ratio of D65 to the laminar sublayer thickness

- Intensity of shear for individual grain size

- Parameter for rough-smooth transition

I
I

Y7 - "Hiding factor" for grains in a mixture

I



a) Batch Mode

12. EXAMPLE CASE:

I
I
I
I
I

YI0

z

11

- Intensity of transport for individual grain size

- Exponent of suspended distribution

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

I
I
I

SET 1

WATER DISCHAfWE
INITIAL GUESS 'OF HYDRAULIC RADIUS
WATER SURFACE WIDTH
ENERGY GRADIENT
KINEMATIC VISCOSITY
D35

2820.00 C.F.S
2.50 FT.

170.00 FT •
• 0010500 FT./FT.
.0000106 sa.FT./SEC.

.290 MM. Db~j

TOTAL BED 'LOAD = .3829E+04 TONS/DAY
TOTAL BED MATERIAL LOAD = .2590E+05 TONS/DAY
DEPTH = 2.45889 FT
MEAN VELOCITY = 6.74616 FT/SEC

I
I
I
I
I
I
I
I
I
I

INCREMENT

1
2
3
4

UPPER LOWER INCREMENT BED LOAD TOTAL BED
BOUND BOUND FRACTION TRANSPOfn MATEfUAL

MM MM RATE TRANS. RATE
TONS/DAY TONS/DAY

.5890 .4170 .1780 .8974E+03 .2063E+04

.4170 .2950 .4020 .1745E+04 .6330E+04

.2950 .2080 .3200 .1064E+04 .1061E+05

.2080 .1470 .0580 .1228E+03 • 689~jE+04

... - .. .~ _.



b) Interactive mode

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

•
START INPUT DATA IN FREE FORMAT

ENTER THE NUMBER OF SETS OF INPUT DATA
? 1

SET SIZE DISTRIBUTION TYPE, IDIST = 0 OR 1
ENTER 0 IF THE SEDIMENT SIZES AND PERCENTAGES DEFINING THE SEDIMENT SIZE DISTRIBUTION ARE TO BE READ IN
ENTER 1 IF THE LOG-NORMAL SEDIMENT SIZE DISTRIBUTION IS TO BE EVALUATED

? 0

ENTER 0 IF SEDIMENT DATA WILL NOT BE CHANGED FOR DIFFERENT HYDRBULIC CONDITION
ENTER 1 IF THE SEDIMENT DATA ARE TO BE READ DR COMPUTED FOR EACH HYDRAULIC CONDITION

? 0

ENTER THE FOLLOWING HYDRAULIC DATA:

WATER DISCHARGE IN CUBIC FEET PER SECOND
? 2820.

INITIAL GUESS OF HYDRAULIC RADIUS IN FEET

WATER SURFACE WIDTH IN FEET
? 170.

ENERGY SLOPE IN FEET/FEET
1 .00105

KINEMATIC VISCOSITY IN sa.FT./SEC.
? .0000106

IDI8T=0 ENTER THE FOLLOWING BED MATERIAL DATA:

NUMBER OF SEDIMENT SIZE FRACTIONS, NSIZ, MAX, OF 20
? 4

THE UPPER BOUND SIZE AND LOWER BOUND SIZE IN MM, AND
THE PERCENT WEIGHT OF EACH SEDIMENT FRACTION

CDRUCI),DRLCI),PBCI),I=l,NSIZ)
? ,589,.417,.178
, .417,.295,;402
, .295,.200,.320
, .200,.147,.058

THE 351 AND 651 FINER DIAMETERS IN'MM, D35 AND D65
? .29,.37 ...... ..................................



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

SET 1

2820.00 C.F.S
2.50 FT.

170.00 FT.
.OOl.0500 FT./FT.
.0000106 So.FT./SEC.

__ .__. . - - _. .__.39? _M!:!~ ~_~..::5_;:.."·Ja.ti:lO.'~~.;'w:iL-~...,.:ccc...:cc,.~~ .....'"".,__,_~__~ .370 MM.

WATER DISCHARGE
INITIAL GUESS OF HYDRAULIC RADIUS
WATER SURFACE wrDTH
ENERGY GRADIENT
KINEMATIC VISCOSITY
D35

.':':' ":,' (~ .~. ;q:. J '..\~ ' : .. ,':' .. 1;0' •• : ;~,' ,\ ~ ,.'

INCREMENT

1
2
3
4

lJPF'ER LOWER INCREMENT BED LOAD TOTAL. BED
[lOUNl.I BOUND FI'(I~CTlnN TI'(I~NSF'OI'(T MATEI:nAL

MM MM 1'(liTE T!'MNS. HATE
TONS/DAY T()N!:i/Di~Y

.5890 .4170 .1780 .l1974E+03 .2()63E-I-04

.4170 .2950 .4020 .174~:iE+04 •b3:'WE-I-04 I-'
w

.2950 .2080 .320() .l.Ob4E+04 .l.()6j.E+O~5

.2080 .1470 •O~jBO .:1.220£+03 •bB9~:jE'I'04

'"

TOTAL BED LOAD = .3829£+04 TONS/DAY
TOTAL BED MATERIAL LOAD· .2590E-I-05 TONS/DAY
DEPTH = 2.45889 FT
MEAN VELOCITY = 6.74b16 FT/SEC

.173 CP SECONDS EXECUTION TIME
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13. JOB PROCESSING TIME:

To compile: 6.9 cpu sec

To execute: 0.126 cpu sec (batch)

0.173 cpu sec (interactive)

I
I
I
I
I
I
I
I
I
I
,1·

I
I
I
I
I
I
I
I



Figure 1. Flow chart of program EINSTN.

READ HYDRAULIC DATA
DISCH, RT, W, SS, RMU

READ SEDIMENT DATA
X, PER, D35, D65
SUBROUTINE SEDIN

Yes

15

PROGRAM EINSTN

ASSUME LOGNORMAL
DISTRIBUTION

SUBROUTINE LOGNOR

PRINT OUTPUT DATA

CALCULATE SEDIMENT
DISCHARGE BY

EINSTEIN'S METHOD

READ INTEGER
DATA: NDATA, IDIST, ISED

No

I"

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



16

Figure 2. Batch listing, Program EINSTN.

IF 10IST = 0 REAO SEDIMENT SIZES AND PERCENTAGES DEFINING THE

I
I
I
I

I

I

I
I

I

I

-I

I

I

I

I
I

I
I

I

0010
0020
u030
00 .. 0
0050
OU60
0070
0080
0090
0100
0110
0120
U130
OhO
0150
01bO
0170
01BO
0190
0200
0210
0220
0230
0240
02S0
0260
02(0
0280
0290
0300
U310
0320
03JO
0340
0350
0360
0370
03dO
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
05JO
0540
0550
0560
0570
0580
0590
0600
0610
0620
06JO
0640
0650

1'1"1
/"I,'"

U~ITS

C.F.S.

fT.
fT.
fl./FT.
~Q.FT./SEC.

DRU

DRL
PB
035
065

FORTRAN NAME
Qw

RT
W
SS
VK

COLORADO STATE UNIVERSITY ENGINEERING RESEARCH
CENTER, FORT COLLINS, COLORADO 80523.
CUM~UTATIUN OF BEU MATERiAL LOAD BY EINSTEINS
METHUD.
EINSTEIN, H'A" THE BEU-LOAU FUNCTION FOR
S~UIMENT TRAN~PORTATIUN IN OPEN CHANNEL FLOW,
TECHNICAL BULLETIN 1026, SEPTEM8ER 1950,
UNITEU STATES UEPAR1M£NT OF AGHICULTU~E

CDC 6400 SCOPE 3.3 ~YSTEM DEFAULT VALUE,
43000 OCTAL.
APPROXIMATELy 7.0 SEC.

LESS THAN 0.1 SEC.

SIZE DISTRIBUTION TYPE
= 0, READ SEUIMENT SIZE AND PERCENTAGE ARRAYS

AND 035 AND Dt.5= 1, COMPUTE LOG-NORMAL SIZE DISTRIBUTION
OF SEDIMENT DATA INPUT
= 0, SAME SEDIMENT DATA IS USED IN ALL

CALCULATIONS
= 1, READ UR CUMPU1E SEDIMENT DATA FO~ EACH

HYDRAULIC CONOiTION
IF ISED

IF WIST
= FREQUENCY

IF I~ED

Rt::FERENCE

IN~UT AND OUTPUT DESCRIPTION

ISED

DEVELOPED

CORE USAGE

PURPOSE

fIN
fIN
EIN
EIN
fIN
EIN
fIN
fIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN

THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN THE EIN
VALU£ OF NOATA, IN FORMAT IS. NUATA I~ THE NUMBER OF SETS OF INPUTEIN
DATA TO BE FtD TO THE COM~UTER AT A TIME. A ~ET OF INPUl DATA EIN
CUNSISTS Of A GROUP OF VARIAHLES NECESSAHY Tu SPtCIFY A P~08LEM, EIN
A~ DETAILED 8ELOw. EIN

EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
fIN
fIN
fIN
EIN
EIN
EIN
fIN
EIN
fIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
fIN
EIN
EIN
EIN
EIN
EIN
EIN

HYURAULIC DATA FOLLUW
A SET OF HYUrlAULIt DATA CONSISTS OF THE FOLLOwING VARIABLES,
IN FO~NAT(~FIO.2,2EIO.41

COMPILATION TIME
CENTHAL PRUCESSOR
TIME FOR ONE
SE.f Of OAT A

SEDIMENT DATA FOLLOW

S~DIMENT SIZE DISIRiBUTION UF THE BED MATERIAL. ALSO READ IN
NUMBER OF SEDIMENT SIZE FRACTIO~S ANO DJ5 AND 065
1) NO OF SfDIMENT SIZE FRACTION NSIZ
2) SEDIMENT SIZE OF THE

UP~ER BOUND ~ •.
31 SEUIMENr ~IZE OF THE

LOWER BUUND
3) SEDIMENl PERCENTAGE
41 035
51 D6:,

THE SECOND CARD CONTAINS THE VALUE OF IDIST ANO ISED IN
FU~MAT 215
IUIST = SEuIMENT

IF IuIST

11 WATER DISCHARGE
21 INI TIAL GUESS OF

HYO~AULIC RAOIuS
31 WATER SURfACE wIUTH
41 ENERGY bKADIENT
61 KINEMATIC VISCOSITY

PHOGRAH EINSfN
1 (INPUT ,OUTf>U Tl

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
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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1
110

THESE VARIABLES ARE READ IN IN FORMATI3FIO.4)

050101
SIGMA

IF 101ST=1 READ THE MEDIAN BED
CUEFFICIENT
I) MEDIAN BED MATERIAL SIZE
2) GRADATION COEFfICIENT

OUTPUT CONSISTS OF FIVE COLUMNS' AS FOLLOwS
I) UPPER BUUNO SEDIMENT SIZE IN MM
2) LOwER BUUND SEUIMENT SIZE IN MM
3) S~oIMENT FRACTION PERCENTAGE
4) BED LOAU. IN TONS/DAY
5) TOTAL BED MATERIAL LUAD, IN TONS/DAY

rlATERIAL SIZE AND THE G~ADATION--£1~0"t)60"

EIN Ob70
fIN Ob80
EIN Ob90
EIN 0700
EIN 0710
EIN 0720
EIN 0730
fIN 0740
EIN 0750
fIN 07bO
fIN 0770
EIN 0780
fIN 0790
EIN 0800

CUMMON ISEDI NSIZ , IOIST , DRU(20) 'EIN 0810
1 DRLl 20) , PtH 20) , D5UM , 51 (;MA ,EIN 0820
2 035 , 065 EIN 0830

DIMENSION 0(20). FV(20) • CGB(20) EIN 0840
1 50(20) • STR(20) EIN 0850
P~INT 320 EIN 08bO
PRINT 330 EIN 0870
RtAO 300, ~DATA' fIN 0880
READ 300. 10IST.I5Eo EIN 0890
OU 220 L = 1,NDATA fIN 0900

READ 31U, QW,RT.w,55,VK EIN 0910
IF (L.GT.1.AND.ISEU.EU.0) GO TO 100 EIN 0920
CALL 5EDIN EIN 0930
CONTINUE EIN 0940
PRINT 2bO, L EIN 0950
PRINT 270, Qw,RT,W,5S.VK EIN 0960
IF IlOIST.EU.1) PRINT 290, 050M,5IGMA EIN 0970
PRINT 280, 035,065 EIN 0980
065 = ob5/3U4.8 EIN 0990
035 = 035/304.8 EIN 1000
DO 110 1 = l'N5II EIN 1010

OIl) = (DRUll> * ORLlI)l * * 0.5/304.8 EIN 1020
FVlI) = 112./3. * 32.2 * 1.65 * OIl) • * 3 • 36. • VK * VKlEIN 1030
• * 0.5 - 6. *, VKl/DlI) EIN 1040

CG~IIl = 4.84 * OIl) EIN 1050
AKP = 0.4 EIN 1060
AA = 0.1 EIN 1070
XK = 0.1 * RT £IN 1080
XR = 0.0 £IN 1090
DO 130 11 = 1,10 £IN 1100

XI = II fiN 1110
RBP = XR • XI * XK (I~ l1l0
SIP = 11.68 • 03S)/IRBP * 55) liN 1130
SV,", = SQRTI32.2 * ~8P. 5S) (Ilf 11+0 .,oj
DELTA = 11.6 • VK/SVP UN ll~O '"
)l4 = UeS/DEL TA , '. , ElN llbO,~

IF lXIt.LT.O.}) GO TO 210 '. ":'."r<,,>.~, EIN 1110':~

~~~:Y~~~;~~~;~:::'P· AL0010112.21 • .BP .~7;~~l;~-f~~~~t ii~ i~~iC~
X~ = SIP _,_;~:~." ,'- ." .._,.': .,",-. EIN 1220
CALL F IG5 (X5,Y5) ... '. EIN 1230
SVPP = VELAV/YS 12 0
RtiPP = SVPp. * 2/132.2 * sst EIN 4

EIN 12S0RT = RBP .-RHPP EIN 1260
QT = RT * w • VELAV
IF IAB~(QT - WW1.LE.AA) GO TO 150 ~~: ~~~:
I f (uT.GT.Q\Cj.ANO.XK.GT.O.O) GO TO 140

EIN 1290I F lUr.LT.Q.... AND.XK.LT.O.O) GO TO 140
EIN 1300CONTINUE

100

120

130

c 
c
c
c
c
c
c
C
c
c
c
C
c
C
c

I'
I G1 '7

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



18 I
I

1310
1J20 I1330
13~0

1350
1360

I1310
1380
1390
1~00

1410 I1420
1430
14~0

14S0

I1460
H70
1480
1490
1500 IIS10
1520
1530
1540

IIS50
lS60
lS70
1580
1590 I1600
1610
1620
1630

I1640
1650
1660
1670
1680 -I·1690
1700
1110
1720

11730
1140
1750
1760
1770 I1780
1790
180U
18111

I11:120
1830
1840
1850
1860 11810
1880
18'10
1900

I1'110
1no
19JO
1'140
19!:lU I1960
1970

I
I

1I ,DRU ( I I ,ORL I I I ,PB I I I ,SO I I ItS TlH I) ,I =
SSO,SSTR,RT,VELA'I

230,
2"0,
2'::0
2::10

TO 210
= RBIJ .---------------------.
= - X~/I0.0

TO 120

GO
>.H
X~

GO

DELl = Ub!)/Y4
RATIO = O~ll/OELTA

IF I~ATIO.LT.l.801 GO TO 160
CAPX = 0.17 * UELT
GO TO 170
CA~X =·1.J9 0 DELTA
X8 = D65/UELTA
CALL FIG8 lX8,Y8)
HETAX = ALOGI0II0.b • CAIJX/OElT)
PP = 2.304 * ALO~10130.2 • y4 0 RT/Db51
SSO = O.
SSTR = O.
DO 200 I = 1,N~Il

X7 = OII)/CAP)(
CALL fIG7 1)(7,Y7)
PSIS = Y7 0 Y8 0 11.02S/aETAX) 0

55) )
XI0 = PSIS
CALL FIGI0 IXI0,YI0)
SOIl) = YI0 * 120S.0 • lDlll iC< 0 I.!» * PBII)
AM = 2.0 0 Dll)/RT
SET'I = F'III)
Zl = SET'IIIAK? 0 S'IP)
If llZ.LT .5.S) GO TO 180
STRIll = 50111
GO Tu 190
CALL PUWJ lZZ,XM,Xll,Xl2.0.01)
SlRll) = SOIl) .. IPP 0 XII • Xl2 • 1.0)
CUNTINUE
SOIl) = SOIl) ow .. 43.2
STHIll = STRII) 0 III 0 43.2
SSO = 550 + SUII) .
SSTR = SSTR + STRIl)

CONTINUE

COMPUTATION OF SEDIMENT DISCHARGE BED LOAD

PRINT
PMINT
GO TO
PRINT

CONTINUE

150

160
170

180

190

200

210
220

EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN
EIN

o 2 0 11.68 0 OII)/IRBP 0 EIN
EIN
EIN
EIN
EIN
EIN
EIN

. EIN
EIN
fIN
fIN
EIN
EIN
EIN
EIN
EIN
£IN
fIN
EIN
fIN
EIN
EIN
fIN
EIN
EiN
EIN
EIN
EIN

230 FORMAT 11111, 66H INCREMENT UPPER LOWER INCRE~ENT BED LEIN
. lOAD TOTAL BED,/14X, 35HBOUND BOUND FRACTION TRANS, 16EIN
2HPORT ~AIERIAL,/lS~, 2HMM,gX, 2HMM,17X, 18H RATE TKANS.EIN
3, SH RATE,/43x,21 9H TONS/OAy,SX)IIIIX,IS,FI3.4,2f10.~,lX,2EIJ.4EIN

4» EIN
240 FORMAT 1111, 17H TOTAL BED LOAD =,E13.4, 9H TONS/OAY,I, 26H TOTALEIN

1 8~O MATERIAL LOAU =,E13.4, 9H TONS/OAY,I, 8H DEPTH =~FI0.S, 3HEIN
2 FT,I, I6H M~AN vELOCITY =,FI0.S, JH fT/SEC,1111 EIN

2S0 FORMAT 1111, 2bH PROGRAM fAILS TO CONvERGE,III) EIN
260 FOHMAT III, 7H SET ,13/) EIN
270 fOHMAT 15X,34HwArER O;ISCHARGE ,FlZ.Z,lZH C.F.S EIN

1 ,/SX,34HINITIAL GUESS Of HyOMAULIC RADIUS ,FIZ.2,I2ri FT. EIN
Z ,/SX,34Hl'IArER SURfACE WIlHH ,Fl2.Ztl2H FT. EIN
3,/~X,34HENtRbY GRADIENT ,FI2.7,12H FI./FT. ,IEIN
45A,34HKIN[MAIIC VISCOSITY ,F12.7,12H SY.fr./SEC.) EIN

280 FORMAl ISXt34HUJS ,. ,F12.3,4H MM.,S)(,3UN
14HOb~ .h._, __e.,..~.,.·, •• ·.~_;.,_,··,F12.3,4H MM.,II) . . ...._~..... EIN

C
C
C

c

c
c
C
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, ORU(20)
, SIGMA

1,NSIl>

, Il:IIST
, 050M

• 0.255
* 0.525
* 0.845
* 1.285
* 1.645

* 1.645
* 1.235
* 0.845
* 0.525
* 0.255

NSIZ
, PB(20)
, Ob5

THIS SU8ROUTINE COMPUTES A LOG_NURMAL SIZE DISTRIBUTION

RfAD 110, U50M,SIGMA

NSIZ = 10

THIS SUBROUTINE READS SEDIMENT SIZE DISTRIBUTION DATA

IF IIDIST.EQ.1) GO TO 100
HE-AD 110, NSIZ
READ 120, IDHUII),ORLII),PBII),I =
RE-AO 120, D3S,D65
RE.TURN
CALL LOGNOR
RETURN

005 = D50M/SIGMA *
010 = 050M/51GMA *
020 = 050M/51GMA *
OJO = 050M/SIGMA *
O~O = 050M/51GMA *
U:>O = 050M
060 = D50M * SIGMA *
0/0 =OSOM * SIGMA *
O~O = 050M * SIGMA *
090 = OSOM * SIGMA *
095 = DSOM * SIGMA *
Dr<L (11 = 005
DHU 111 = ORL (1)
OnU(2) = 020
DHL(2) = 010
OtH)13) = 030
OHL(3) = D20
DIolU(4) = D~O

OriL(4) = 030
OHUIS) = 050
OI<L(5) = 040
01<U(6) = 060
DKL(6) = 050
OHU(1) = 070
DHL 171 = D60
DHUlts) = OtlO
UHL(8) = 070
DHU(9) = 090

FORMAT lIS)
FURMAT 13flO.4)
END
SuBROUTINE LUGNOR
COMMON ISEUI

1 ORL (20)
2 03~

100

110
120

290,FOHMAT IsX.34HMEDIAN BED· MATERJAL SIZE------jf'IZ.3-. 13H -MM-.----fIN·19~~
1 ,/5X,34HGRADATION COEFFICIENT ,F12.2,) fIN 1~90 :

300 FOHMAT (215) EIN 2000
310 FOHMAT 13FIO.2,2EI0.4) EIN 2010
320 FOHMAT (lHl> EIN 2020 -:-
330 FORMAT 1119X,33HCOMPUTATION OF TOTAL BED MATfRIAL,I,lO~,38HLOAD ByEIN 2030

1 lHE EINSTfIN SED-LOAD FUNCTION,/) £IN 2040 -
END £IN 2050
SU~ROUTINE ScDIN EIN 2060
COMMON ISEOI NsIZ , WIST , DRU (20) ,£IN 2070

1 DRLl20) , PtH20) , 050,", , SIGMA EIN 2080
2 035 , 065 £IN 2090

fIN 2100
EIN 2110
fIN 2120
fIN 2130
fIN 2140
EIN 2150
fIN 2160
fIN 2170
EIN 2180
EIN 2190
EIN 2200
EIN 2210
EIN 2220
EIN 2230
EIN 2240
EIN 2250
EIN 2260
EIN 2210
EIN 2280
EIN 2290
EIN 2300
fIN 2310
EIN 2320
EIN 2330
EIN 2340
EIN 2350
EIN 2360
EIN 2370
EIN 2380
EIN 2390
EIN 2400
EIN 2410
fIN 2420
fIN 2430
fIN 2'+40
fIN 2450
EIN 2460
fIN 2410
EIN 2480
EIN 2490
fIN 2500
EIN 2510
EIN 2520
EIN 2530
EIN 2540
fIN 2550
fIN 2560
EIN 2570
fIN 2580
EIN 2590
EIN 2600
fIN 2610
EIN 2620

c

c
c
c

c
c

-c
c
c

I

I

I
I

I

I
I
I
I

I
I

I

I

I
I

I

I
I
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O~l.(9) = O~O

------ OKl.(IOI -:- U9~ --------------------------
DKU(10) =ORl.(lO)
00 100 I = 1,NSIZ

100 PB(I) = 0.1
035 = O!)OM/SIGMA. * .385
D~~ = 05UM • SIGMA. • .385

110 fORMAT (3fl0.4)
EN!>
SUdROUTINE f1G4 (X,Y)

RETURN

END
SUbROUTINE FIGS (X,y)

I

I

I

I

I

I

I

I
I

I

I

I

I

I

I

·1

THIS SUBROuTINE APPROXIMATES EINSTEINS FIG 4 SERIES OF EQNS.

If (X.LE.l.0) GO TO 100
GO TO 110
Y = 40.0 * X· • l;- 1.288)
GO TO 180
If (X.GT.1.0.ANO.X.LE.2.01 GO TO 120
GU 10 130
Y = 40.0 * X. • l - 0.982)
GU TO 11j0
II' (X.GT.2.0.AI'j0.X.LE.4.0) GO TO 140
GU 10 ISO

EIN 2630
--'.. -------- EIN l6'+0 ---

EIN 2650
EIN 2660
EIN 2670
EIN 2680
EIN 2690
EIN 2700
EIN 2710
EIN 2720
EIN 2730
EIN 2740
EIN 2750
fIN 2760
EIN 2770
EIN 2780
EIN 2790
EIN 2800
EIN 2810
EIN 2820
EIN 21:130
EIN 2840
EIN .28!)0
EIN 2860
EIN 2810
EIN 2880
EIN 2890
EIN 2900
EIN 2910
EIN 2920
EIN 2930
EIN 2940
EIN 2950
EIN 2960
EIN 29'0
EIN 2980
EIN 2990
EIN 3000
EIN 3010
EIN 3020
EIN 3030
EIN 3040
EIN 3050
EIN 3060
EIN 3070
fIN 30BO
fIN 3090
EIN '3100
fIN 3110
fIN :3120
fIN 3130
EIN 3140
EIN 3150
EIN 3160
EIN 3170

THIS SUl:l~OUTINE APPRO~IMATES EINSTEINS FIG 5 BY A SERIES OF EQNS. EIN 31BO
EIN 3190
EIN 3200
EIN 3210
EIN 3220
EIN 3230
EIN 3240
EIN 3250
EIN 3260
EIN 3270
EIN 3280
EIN 3290

IF (X.LE.0.40) GO TO 100
GO TO 110
y = 1.769 • ALOG10(X/0.080)
GU TO 260
IF (x.GT.0.40.ANO.X.LE.0.S6) GO TO 120
GU TO 130
Y = 1.495 • ALOG10lX/0.059)
60 TO 260
IF (X.Gl.0.5b.AND.X.LE.0.76) GO TO 140
Gil TO 150
Y = 0.92 * ALOG10(X/0.0145)
GO TO 260
If (X.GT.0.76.ArlD.X.LE.0.9b) GO TO 16U
GU TO 170
Y = 0.292 * ALOG10(X/2.9E - 06)
GO TO 260
If (x.GT.0.96.AND.X.LE.l.3S) GO TO 180
GU 10 190
Y = 0.277 • ALOGI0(632000.0/X)
GO TO 260
If (X.GT.l.35.ANO.X.LE.3.00) GO TO 200
GU TO 210
Y = 1.11~ • ALOGI0l34.4/X)
GU TO £6U
IF (X.GT.3.UO.AND.X.LE.4.00) GO TO 220
130 Tll 230
Y = u.7~!) • ALOGI0(128.0/~)

GU TO 200
If (X.GT.4.0U.ANO.X.LE.6.70) GO TO 240
GU TO 250
Y = 0.399 • ALOGI0(2160.0/X)
GU TO 260
If (X.GT.6.70) Y = 1.0
RETURN

180

160

190

100

110

120

130

140

150

170

130

110

120

220

100

250
260

200

210

230

240

c
c

c

c
c
c

c

c
c
c

I
I
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I
fIN 330~
fiN 3310
fIN 3320
EIN 3330
EIN 3340
EIN 3350
EIN 3360
EIN 3370 :'C'

EIN 33BO
EIN 3390
fIN 3400
EIN 3410
EIN 3420
EIN 3430 :\ .
EIN 3440 .i?;:
EIN 3450

.~ .•.:~
EIN 3460
EIN 3470
EIN 3480
EIN 3490

..,

fIN 3500
EIN 3510 ,,".

EIN 3520
EIN 3530 ;;; .•.
EIN 3540
EIN 3550
EIN 3560
EIN 3:>70
EIN 3580
EIN 3590
EIN J600
EIN 3610
EIN 3620
EIN 3630
EIN 3640
EIN 3650
EIN 3660
EIN 3610
EIN 3080
EIN 3690
EIN 3700
EIN 3710
EIN 3720
EIN 3730
EIN 3740
EIN 3750
EIN 3760
EIN 3770
EIN 3780
EIN 3790
EIN 3800
EIN 3810
EIN 3820
EIN 31:!30
EIN 3El40
EIN 3850
EIN 3860
EIN 3870
EIN 3680
EIN 3890
fIN 3900
EIN 3910
fIN 3920
fIN 3930
EIN 3940

. ~ ...

, -. - '. ~.

....

2.402)
- 2.582)

1.515)
0.B26)
0.375)

....::

It ( - 2.088)
= (X/0.877) It It

= (,(/0.832) It •
= (X/0.990) It It

= (X/1.1BS) It It

= (X/1.450) • •

. '.'~.- ".....~.J.~.~ .' .\.....
THIS SUBROUTINE APPROXI~ATES EINSTEINS FIG 7 BY A SERIES OF EQNS.

END
SUHROUTINE FIG7 (X,Y)

IF (X.LE.O.20) Y = (X/1.090) It

IF (X.GT .0.20.ANO.X.LE.0.40) Y
If (X.GT.O.40.AND.X.LE.0.6s) Y
IF (X.GT. 0.05.AND.X.LE.0.80) Y
IF (X.GT.0.80.ANO.X.L£.1.o0) Y
IF (X.GT.1.00.ANO.X.L£.1.4s) Y
If (X.GT.l.45) Y ;: 1.O~·

RETURN

THIS SUBROUTINE ESTIMATES EINSTEINS FIG 8 BY A SERIES OF EONS.

END
SUBHOUTINE FIG8 (X.Y)

IF (X.LT.O.ob) y = (X/1.00s) It It 1.178
IF (x.GT.0.bb.ANO.X.LE.O.84) Y = (X/1.1041 It • (0.9571
IF (X.GT.0.B4.AND.X.LE.l.101 Y = IX/1.9401 • • (0.310)
IF IX.GT.l.}U.AND.X.LE.l.301 Y = (X/0.4751 It It ( - 0.208)
IF (X.GT.l.3u.AND.X.LE.2.20) Y = (X/0.930) It • ( - 0.(33)
IF (X.GT.2.20.AND.X.LE.3.101 Y = IX/0.278) • It ( - 0.266)
IF (X.GT.3.1U) Y = O.!:>30
RUURN

c

c

c
c
c

c
END
SUBROUTINE POwJ IZ,A,XJl,XJ2,CONV)
N = 1
XJl = o.
XJ2 = o.
ALG = ALOG IA)
C = 1.
o = - Z
E = 0 • 1.
Fill = 1.
At::X = A. • E
GO TO 110

100 N = III • 1
C = C • O/FIII
o = E
E = 0 • 1.
Fill = FLOATINI
AEx = A It * E

110 If (Af:lS(E) .LE.O.OOll GO TO 120
X~1 = X~l • C * (1. - AEX)/E
x~2 = X~2 • C It CCAEX - 1.)/E •• 2- AEX It ALG/E)
GO TO 130

120 X~! = X~l - C It ALG
x~2 = XJ2 - u.S * C It ALG It It 2

130 IF IN.EQ.l) 100 TO 140
CJl = Af:lSll. - F~I/X~I)

C~2 = A~SI}. - FJ2/XJ21
IF (C~I.LE.CONV.ANO.C~2.LE.CONVIGO TO 1!:>0

c
c
C· -' ..

..... .--.:?,?~

'--- 140 --Y-=31.1--+-,,1t-- It- t--- 0.616t--------"7------- ------_-~--.-
.:'" GO TO 180· ',,\< --,.:;- -. "

150 IF (X.GT .4.0.ANO.X.LE.8.0) GO TO 160 ~-."" .'....:
GO TO 170 -

160 Y = 26.0 It X It It ( - 0.486)
GO TO 180

170 IF (X.GT.8.0) 'f = 21.4 It X It It ( - 0.394)
180 RETURN

I

I
I

I

I

I

I

I

I

I

I
I

I

I
I

I
I
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1~0 F~l = X~l EIN
F~i = X~2 EIN
GO TO 100 E1N

150 FACT = 0.21b .. IA" .. IZ - 1.)1/111. - AI" .. ZI EIN
X~l = FACT .. XJ1 EIN
X~2 = FACT .. XJ2 E1N
~t::TUKN E1N

C EIN
END EIN
SUBROUTINE FIG10 IX,YI EIN

C EIN
C THIS SU~ROUTINE APPROXIMATES EINSTEINS FIG 10 BY A SERIES OF EUNS.E1N
C EIN

IF IX.lT •• 41 Y = 8.106078 .. X.. .. I - 0.98'10021 EIN
If IX.LE.l •• AND.X.GE •• 4) Y = 7.473444 .. X" .. I - 1.0673671 EIN
IF IX.lT .2 •• ANO.X.GT .1.1 Y = 1.512081 .. X" .. I - 1.1828321 EIN
IF III..LE.3 •• ANO.II..GE:.2.1 Y = 9.151968 .. X" .. I - 1.4724831 EIN
If IX.LT.5 •• ANO.X.Gf.3.1 Y = 16.U25332" X" .. ( - 1.9728061 fIN
IF (X.lE.7 ..ANO.X.Gf.5.1 Y = 41.421873" X" .. 1- 2.57tl7131 fIN
IF III..lf.l0 •• AND.1..GT.1.1 Y = 130.220~ .. I." .. 1- 3.1b51021 EIN
IF IX.lE.13 .. ANO.1..GE.I0.1 Y = 584.560594 .. X" .. ( - 3.818249) EIN
IF III..lT.17 •• AND.1..l>T.13.1 Y = 3S43.9!:l9886" X" .. ( - 4.5229351 EIN
If (X.lE.20 •• ArW.x.Gf.17.) Y = 1690645.945" X" .. ( - 6.7039041 fIN
If (1..lT.23 •• ANU.X.liT.20.1 Y = 51A8251832 ... X .... I - 9.3tH8151 fIN
II' (X.GE.2J.I Y = 30134987996E:.15 .. X.. .. ( - 13.597541) EIN
Rt::TUHN fIN

C fIN
fND fIN

I
I

J9~O I39bO
3970
3980
3990 I4000
4010
4u20
4030

I4040
4050
,.060
4070
4080 I4090
"tl 0 0
4110
4120

I4130
4140
4150
4160
4110 I4180
4190
4200
4210

I4220

I
'1.
I
I
I
I
I
I
I
I
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HYURAULIC DATA FOLLOW
A SET OF HYDRAULIC DATA CONSISTS OF THE FOLLOwING VARIABLES,
IN FREE FORMAT

UNITS
C.F.S.

FT.
FT.
fT./FT.
:>Q.FT./SEC.

FORTRAN NAME
QW

DIW

RT
W
SS
VK.

DRL
P~

035
065.

COLORADO STATE UNIVERSITY ENGINEERING RESEARCH
CENTER, FORT COLLINS, COLORADO 80523.
COMPUTATION OF RED MATERIAL LOAD BY EINSTEINS
METHOD.
EINSTEIN, H.A" THE BED-LOAD FUNCTION FOR
SEDIMENT TRAN~PORTATION IN OPEN CHANNEL FLOW,
TECHNICAL BULLETIN 1026, SEPTEMBER 1950,
UNITEO STATES DEPARTMENT OF AGRICULTU"E
CDC 6400 SCOpE 3.3 SYSTEM UEFAULT VALUE,
43000 OCTAL.
APP~OXINATELy 7.0 SEC.

LESS THAN 0.1 SEC.

SIZE DISTRIBUTION TYPE
= 0, READ SEDIMENT SIZE AND PERCENTAGE ARRAYS

AND 035 ANO 065
= 1, COMPUTE LUG-NURMAL SIZE DISTRIBUTION
DF SEDIMENT DATA INPUT
= 0, SAME SEDIM~NT OATA IS USED IN ALL

CALCULATIONS
= I. HEAD OR COMPUTE SEDIMENT DATA FOR EACH

HYDRAULIC CONUITION
IF ISED

IF IUIST
= FREQUtNCY

IF 15£0

DEVELOPED

Rt:FERENCE

PURPOSE

CORE USAGE

INPUT AND OUTPUT DESCRIPTION

COMPILATION TIME
C£NTRAL PRuC~SSOR

TIME fOR ONE
St::T OF DATA

I St.D

EINIOOIO
EINI0020
EINI0030
EINI0040
EINI0050
EINIOObO
EINI0010
EINI0080
EINI0090
EINIOI00
EINIOllO
EINIOl20
EINIOl30
EINIOl40
EINIOISO
EINI0160
EINIOl70
EINI0180
EINIOI90
EINI0200
EINI0210

THE FIRST CAHD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN THE EINI0220
VALUE OF NUATA,IN FHEE FORMAT.NUATA IS THE NUMBER OF SETS OF INPUTEINI0230
DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUT DATA EINI0240
CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY A P~OBLEM, EINI0250
A~ DETAILEU tlELOW. EINI02bO

EINI0C10
OF IDIST AND ISED IN EINI0280

EINI0290
EINI0300
EINI0310
EINI0320
EINIOJ30
EINI0340
EINI03S0
EINI0360
EINI0310
EINI0380
EINI0390
EINI0400
EINI0410
EINI0420
EINIIl430
EINI0440
EI,"10450
EINI0460
EINI0470
EINI0480
EINI0490
EINI0500
EINIO:>10
EINI0520
EINI0530
EINIO:>40
EINI0550
EINI0560
EINIOS-,O
EINI0580
EINI0590
EINI0600
EINI0610
EINIOb20
EINIOb30
EINIOb40

THE SECOND AND THIRD CARDS CONTAIN THE VALUE
FKE::E FOHMAT
IUIsT = SEDIMENT

IF lUIST

1) WATER DISCHARGE
2) INITIAL GUESS OF

HYDRAULIC RADIuS
J) WATER SURfACE wIDTH
4) ENERG~ bRADIENT
6) KINEMATIC VISCOSITY

PHOGRAI4 EINSTNI
11!NPUT,OUTPUf)

SEDIMENT DATA FOLLOW

IF IDIsT = U READ SEDIMENT SIZES AND PERCENTAGES DEFINING THE
SEDIMENT SIZE DISTRI~UTION OF THE UED MATERIAL. ALSO READ IN
NuM~ER OF SEUIMENT SIZE FRACTIONS AND D35 ANO 065
1) NO OF SEDIMENT siLE FRACTION NSIZ
2) SEDIMENT SIZE OF THE

UPPER BOUND
3) SEDIMENT ~IZE OF TH~

LOWER HOUND .
3) SEUIMENT PERCENTAGE
4) 035
5) 065

Figure 3. Interactive listing, Program EINSTN
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C
C IF IOIST=1 READ THE MEDIAN BEO MATERIAL SilEANO THE G"ADATION
C COEFFICIENT
C 1> MEDIAN ~ED MATERIAL SIZE OS OM Mlol
C 2) GRADATION COEFFICIENT SIGMA
C
C THESE VARIABLES ARE READ IN IN FR£E FORMAT
C
C OUTPUT CONSISTS OF FIVE COLUMNS, AS fOLLOWS
C 1) U~~ER BUUND SEDIMENT SIZE IN MM
C 2) LOwEH BOUND SEDIMENT SllE IN MM
C 3) SEDIMENT FRACTION PERCENTAGE
C 4) BED LOAD, IN TONS/OAY
C 51 TOTAL BED "ATERIAL LOAD, IN TONS/DAY
C
C

COMMON /SEO/ NSIZ IOIST , ORU(20)
1 URL(20) , P81~0) o~OM , SIGMA
2 D3!) , ObS

DIMENSION D(20) , FV(20) ,CG81(0)
1 SO (20) , SHH20)
P~INT 380
PHINT 390
PHINT 300
Rt:.Ao ., NOATA
PI"/INT 310
Rt:.Ao ., WIST
PI"/INT 320
toltAD ., ISED
00 220 L = l,NoATA

PHINT 3JO
READ ., Ow
PRINT 340
READ .. , RT
PRINT 35(/
READ .. , w
f'Io<INT 3bO
R£AO .. , SS
PRINT 370
READ ., VK
IF IL.GT.1.AND.ISED.EQ.0) GO TO 100
CALL SEvIN

100 CONTINUt::
PRINT 2bO, L
PRINT 2/U, Qw,RT,w,SS,VK
IF IIDIST.EQ.1) ~RINT 290, 05UM,SIGMA
PtoliNT 2~0, 035,065
065 = Db~/304.8

035 = °03~/304.tl

DO 110 1 = l,NSIl
OIl) = (OF/U(I) .. D~L(1) * .. 0.5/304.8
FIIIII = 112./3.* 32.2" 1.65" DIll .... 3.36." VK.

1 .... u.s - 6. • VKI/OIII
110 CG~ll) = 4.84 .. OIl)

AKP = 0.4
AA = 0.1
XK = 0·.1 • RT
X~ = O.U .

120 00 130 II = 1,10
Xl = II
RbP = XR + xl .,XK
SIP = 11.6ij .. D3SI/IRBP • 55)
SVP = SQRTI32.2 • RbP .. SS)
DELTA = 11.b • IIK/SVP
X4 = DbS/DELTA
I F IX4. LT. 0.11 GO TO 210
CALL FIG4 IX4,Y41

I

EINIOb~O
I

EINIob60
EINIOfl10

IEINIOb80
EINIOb90
EINI0700
EINJ0710

IEINlO720
EINI0730
EINI0140
EINI0750
EINI07bO

IEINlO770
EINI0780
EINl0190
EINI0600

IEINI0610
EINI0620
EINI0630
EINI0640
EINIOij50

IEINI0860
EINI0670
EINI0680
EINI0890

1EINI0900
EINI0910
EINI0920
EINI0930
EINI0940

I. EINI0950
EINI0960
EINI09°/0
EINI0980
EINI0990 IEINIlOOO
EINIlOIO
EINIlO20
EHHI030 01.EINIl040
EINllOSO
EINIlO60
EINIlO70

IEINl1080
EINIl090
EINll100
EINI1l10
EINIl120

IEINIl130
EINI1l40
EIN1l150

VKlEINIl160

IEINIll/O
EINll1ijO
EINIl190
EINl1200
EINIl210

IEINI1220
EINI1230
EINI1240
EINIl250
EINI1260 IEINII2°/0
EINI1280
EINIl290
EINI1300

IEINI1JI0

I
I
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I

I,NSIZI

\

lltDRUlIl,DRLlIl.PdlIl ,SOlIl,STfHII,I =
SSI),SSTR,RT,VELAV

2;J0,
2'+0,
220
2~0

DELT =D651Y4
RATIO = DELT/DELTA
I FIRATI 0 • LT • 1 • 8 0 I GO TO 160
CAPX = 0.17 * DElT
GO TO 1"0
CAPX = 1.~9 * DELTA
X8 = 065/uELTA
CALL FIGd lXd,Y81
BETAX = ALOGIO(10.6 * CAPX/OELTI
PP = 2.304 * ALOGI0130.2 * y4 * RT/D651
550 = 0.
SSTR = O.
00 200 I = I,NSIZ

X7 = DIIl/CAPX
CALL FIG7 lX7,Y71
PSIS = Y7 • Y8 • II.OZ5/BETAXl *
5511
XI0 = PSIS
CALL FIGIO lX10,Y101
50111 = no * 120~.O • 101I1 * * 1.51 * PBlIl
XM = 2.0 * OIII/RT
SETV = FVll1
Zl = SETV/(AK~ * SVPl
IF llZ.U .5.51 GO TO 180
5 HH II = SO III
GO TO 190
CALL puw..J lZZ,XM,XIl,XIZ,0.011
STRlII = 50111 * lPP • XII + XI2 + 1.01
COIliTINuE
51JlIl = 50111 * w * 43.2
SHill) = STRll1 * W * 43.2
550 = SSO + 51) I I) ,
SSTR = SSTR + STRlII

CONTINUE

COMPUTATION UF SEDIMENT DISCHARGE BEO LOAD

PRINT
PRINT
GO TU
PRINT

CUNTINUE

~.I l •

1

zoo

160
170

190

180

A..JKP = 2.3/AKP· "- _._. - .'. --"- - .. ' ,. ,..,~- - -- -:---:-- -EI~Il320--

VELAV .. SVP • lA..JKP • AloG10112.27 • RBP • Y4/D6SJ),'F";~'- EIN11330
XS = SIP '.-.' , .' :'-;; __ '~?;J.... EI NIl340
CALL FIGS lXS,Y51 . :.:i~~"';"::'·' EIIII11350
svpp = VELAV/YS ~..~~. :"~;'.~.-':,.' .', EINI1360
REiPP = SVPP * • 2/(32.2 * 55) .-.~~;.:_..;:....:.~.~ .. ".~.~~ EINI1370 "
RT = RHP • RBPP' t-': ;.~. EIN! 1380 "!

QT = HT • W • VELAV. ,~,'", ,:::,~::::>,;. EIN11390
IF lABS loT - Owl.LE.AAI GO TO 150, .::'~,':,,,:;f:.> EEIINNI111440100
IF (QT.GT.QW.AND.XK.GT.O.OI GO TO 140 .

cONiiN0~T.LT.aW.AN~,.XK.LT.0.O~..;GO TO 140 :.~:, /,:",~),~:?\ g~g:~~
GO TO 210'" -,' ~':. " .....\ EINI1440
XR = HBP .!' .:. EIN! 1450
XI< = - XK/IO.O EINI1460
GO TO 120 -,' EINI1470

EIIII11480
EINI1490
EINl1500
EINl1510
EINI1520
EIN11530
EINI1540
EINI1550
EINI1560
£INI1570
EIN11580
EIN11590
EllllllbOO
EINllb10
EIIII11620
EINI1630
EINI1640
EIN11650

* 2 * 11.68 * DlIl/IRBP * EINI1660
EIN11b70
EIN11680
EINl1b90
EIN11700
EINI1710
£IN11720
EIN11730
EIN11740
EIN11750
EI11111760
EIIII11770
EI11111780
EIN11790
EIIIIIl800
EIIII11810
EI11111820
EI11111830
EIN11840
EIN11850
EIIIII1860
EIIIII1870
EIN11880
EINI1890
EIN11900
EINI1910
EINI1920
EINI1930

230 FURMAT 1////, 66H INCREMENT UPPER LOwER INCREMENT BED LEIN11940
lOAD TOIAl HEO,/14X, 3~HHOUNU ~OUND FRACTION tRANS, 16EIIII11950
2H~U~T MAT~RIAL,/15X, 2HMM,AX, 2HM~,17X, 18H RATE T~ANS.EINI19bO

3, 5H RATE,/43X,21 9H TO~S/OAY,~XI//lIX.15,F13.~,2FI0.4,lX,ZE13.4EINI1970

411 EIN11980

210
220

..:".,.'.'

130

140

C
C
C

150

C

c
c
c

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
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240 FO~MAT 1111. 17H TOTAL BED LOAD =.EI3.4. 9H TONS/DAy,l, 26H TOTALEINl1990
1 HED MATERIAL LOAD =,EI3.4. 9H lONS/UAY,I. ~H DEPTH =.fI0.5, 3rlEINI2000
2 FT,I, 16H MEAN VELOCITY =,f10.5, 7H FT/SEC,III) EINlcUIO

25U fOHMAT 1111, 26H PROGRAM FAILS TO ~ONVERGE.~/I) EINI20Z0
260 FOHMAT III, 7H SET ,13/) EINI2030
270 FOHMAT 15X,34HwATER DISCHARGE ,F12.2,12H C.f.S EINl2040

1 ,/5X,34HINITIAL GUESS OF HyDRAULIC RADIUS ,F12.2,lcH FT. EJNI2050
2 ,/5X,34HWAT£R SURfACE WIDTH .F12.2,12H PT. EINlc060
3./5X,34HENERbY GRADIENT ,FI2.7,12H FT./fT. ,/EIN12070
45X,34HKINEMA1IC VISCOSITY ,FI2.7,12H SQ.FT./SEC.) EINI2080

280 fuRMAT ISX,34HD35 ,FI2.3,4H MM.,5~,3EINI2090

14HU65 ,FI2.3,4H MM.,II) EIN12100
290 FURMAT 15X,34HMEDIAN BED MATERIAL SIZE ,FI2.3,13H MM. EIN12110

1 ,/SX,34HGRADATION COEFfICIENT ,FI2.2,) EINI2120
300 FORMAT III. J2H SlA~T INPUT DATA IN fREE fORMAT,II. 39H ENTER THE EINI2130

INUM8ER Of SETS OF INPUT DATA) EINI2140
310 FURMAT III, 43H SET SIZE DISTRI~UTION TYPE, IDIST = 0 OR 1,1. 62H EINI2150

1 ~NTER 0 If THE SEUIMENT SIZES AND PERCENTAGES DEFINING THE , 44HEINI2160
2S£UIMtNT SIZE DISTRIBUTION AME TO 8E HEAD IN,I, 59H ENTER 1 IF TEINI2170
3HE LOG-NORMAL SEUIMENT SIZE DISIRIBUTION IS , 16HTO 8E EVALUATED )EINJ2I80

320 FURMAT III, 46H ENTER 0 IF SEDIMENT OA1A WILL NOT BE CHANGED, 33HEINlc190
IFUR DIFFERENT HYDRAULIC CONDITION.I, 57H ENTER 1 IF THE SEDIMENT DEINI2200
2AIA ARE 10 8E READ OR COMPUTED, 28HfOR EACH HYDRAULIC CONDITION) EINI2210

330 fURMAT 1111111, 36H ENTER THe FOLLOWING HVD~AULIC DATA:.II, 43H EINl2220
lWATER DISCHA~GE IN CU~IC fEET pER S~CUND) EINI2230

340 FURMAT I 44H INITIAL GUfSS OF HyDRAULIC RADIUS IN FEET) EINI2240
350 FORMAT 1 30H WATER SU~fACE ~IUTH IN FEET) EINI2250
360 FuRMAT 1 2~H ENERGY SLOPE IN FEET/FEET) EINI22bO
370 FuHMAT 1 37H KINEMATIC VISCOsITY IN SQ.fT./SEC.) EINI2270
380 FU~MAT I1Hl) EINI2280
390 FORMAT 111~X,33HCOMPUTATION OF TOTAL ~ED MATERIAL,I,lOX.3BHLOAD HYEINI2290

1 THE EINSTtIN BED-LOAD fUNCTION,/) EINI2300
END EINI2310
SU~ROUTINE SEDIN EINI2320
COMMON ISEDI NSIZ , luiST DRUIZO) EINlc330

1 DR~(20) , P8(20) , DSOM SIGMA EINI2340
2 D3~ , Db5 EINlc350

C EINI23bO
C THIS SUBROuTINE READS SEDIMENT SIZE DISTRIBUTION DATA EINl2370
C EINI23BO

If 1IOIST .£Q.ll GO TO 100 EINI2390
P~INT 110 EINI2400
READ *, NSIZ EINI2410
PRINT 120 EINI2420
RtAD -, IDRUII),D~LII),PB(I).I = 1.NSIZ) EINI2430
PRINT 130 EINl2440
READ *~ 035.065 EINI2450
RETURN EINI2460

100 CALL LOGNDR EINI2470
RETURN EINI24BO

C EINI2490
110 FURMAT ~/I. 48H IOI5T=0 ENrER THE FOLLOWING BED MATERIAL· DATA: ,IIEINI2500

1, 54H NUMBER Of SEDlI~ENT SIZE fRACTIONS, NSIZ, MAX. Of, 20) EINI2510
120 FURMAT 1 5~H THE UPPER BOUND SIZE AND LOWER BOUNU SIZE IN MM, ANEINI2520

10,1, 47h THE PERCENT wEIGHT of EACH SEDIMENT FRACTION.I, 38H EINI25JO
2 IDRUIII,URLII),PBII),I=l,NsIZ» EINI2540

130 fURMAT I 53H THE 351 AND 6S% FINER DIAMETERS IN MM. 035 AND D65)EINI2550
ENU EINIZ560
SU~ROUTINE LOGNUR EINI2570
CUMMUN ISEDI .;:' NSIZ , lUIST .' DRU 1(0) EINIc580

1 DR~(20) ,.PH(ZO) , DSOM , SIbMA EINI2~~0

2 D3S • 065 EINI2600
C EINI2610
C THIS SUHROuTINE COMPUTES A LOG_NURMAL SIZE DISTRIBUTION EINI2620
C EINI2630

I
I

I

II
I
I
I
I
I
I
I
·1
I
I
I

I
I
I
1



DO:) = 050M/SIGMA • • 1.645
010 = 050~/SIGMA • • 1.285
O~O = 050M/SIGMA .. .. 0.845
030 = OSOM/SIGMA .. .. 0.525
040 = D~OM/SIGMA .. .. 0.255
O~O = 0501'1
ObO = 050M .. SIGMA .. .. 0.255
0/0 = 050,.. * SIGMA .. .. 0.<;25
DdU = 05111'1 .. SIGMA .. .. 0.845
O~O = 0501'1 it SIGMA .. .. 1.285
095 = 0501'1 .. SIGMA .. .. 1.c,45
O~L (1) = DOS
ORU( 1> = ORL( 1)
OtW(2) = 020
DI<LI21 = 010
0I'lU(3) = 030
D~L(3) = 020
DJotUII+) = 040
o lolL (1+) = 030
OKUI51 = DSO
OJotL IS) = D40
DKUI61 = DcO
DRL (6) = 050
OIW I 71 = 070
OHL (7) = 060
OHu(8) = OdO
OI'lLltll = 070
01oCU(9) = DliO
OHL(9) = 080
OIoCL I lU) = 095
OtofU I 10) = DI-lL(10)
LJO 100 I = I.N5IZ

100 Pd (1) = 0.1
035 = 050M/SIGMA .. .. .3tl5
DbS = 0501'1 .. SIGMA .. .. .385

C
C

R£TUHN
C

THIS SUBROUTiNE APPROXIMATES ErNSTEINS fIG 1+ SERIES OF EQNS.

110 FOHMAT (II. SOH IOIST=l ENTER THE MEDIAN BEO MATERIAL SIZ~ IN MM
1 29HANO THE GRADATION COEFFICIENT~

END
SU~HOUTINE FIG4 IX.y)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

c
c

c
C
C
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PHINf 110
READ •• U50M.SIbMA

NSIZ = 10

If IX.LE.0.40) GO TO 100
Gil TO 110

100 y = 1."09 .. ALOGI0 OVO. 080)
GU TO 260

110 If IX.GT.O.40.AND.X.LE.0.5~)GO TO 120
GU TO 130

120 y = 1.495 • ALOGIUC.VO.059)
GU TO 260

130 IF (x.GT.O.56.ANO.X.LE.O.76) GO TO 140
GU TO 1~0

140 Y = 0.92 • ALO&10IX/0.0145)
GO TO 2c,0

150 If IX.(jT.O.7c,.AND.X.LE.0.~6) GO TO 160
GO TO 170

160 y = 0.2~2 • ALOGI0IXI2.9E - 06)

- ..- - ----"---_. - ... - EINI26..o--- -
EINI2650
EINI2660
EINI26/0
EINI2680
EINI2690
EINI2700
EINI21l0
EINI2720
EINI2730
EINI2740
EINI27!)O
EINI2760
EINI2710
EINI2780
EIIIlI2790
EINI2800
EINI2tHO
EINI2B20
EINI2830
EINI2B40
EINI2B50
EINI2B60
EINI2870
EINI2880
EINI2B90
EINI2900
EINI2910
EINI2920
EINI2930
EINI2940
EINI2950
EINI2960
EINI2970
EIN1298U
EINI2990
EIN13000
EINI3010
EINI3020
EINI3030
EINI3040
EINJ3050
EINI30bO
EINI3070

.EINI30tlO
EINI3090
EINI3100
EINI3110
EINI3120
EINI3130
EINJ3140
EINI3150
EINI3160
EINI3170
EINI3180
EINI3190
EINIJ200
EINI3210
EINI3220
EINI3230
EINI3240
EIN13250
EINI32bO
EINI3270
EIN13280
EINI3290



I
I

I
I

I
I
I

I
I

I
I

il

I
I

'-
-EIN13300-- ----

fINI33I," I
EIN13320
EIN13330
EINI3340
EIN133S0
E1N13360
EIN13370
E1N13380
EIN13390
EINI3'.OO
E1N13410
EIN13420
E1N13430
EIN13440
EIN13450
E1N13460
E1NI3470
EIN13480
EINI34~O

EIN13500
E1N13510
EINI3520
E1N13530
EIN13540
EIN135~0

EIN13560
E1N13570
EIN135tlO
EINI3590
EINI3600
E1NI3610
EINI3620
E1N13630
EIN13640
E1NI36S0
E1N13660
E1N13670
EIN13680
E1ND690
E1N13700
E1N13710
E1N13720
EIN13730
E1N13140
E'INI3750
EIN13760
EINI3770
I:::IN13780
EINI3790
EIN13800
EIN13810
E1NI3820
E1N13830
EIN13840
EIN13f:l50
EIN13a60
E1NI31l70
EIN13880
E1N131390
EIN13~OO

E1N13'f10
E1N13920
EINI3930
EINI3940
E1N13950

If (X.LE.0.20) Y = (X/l.090) • • ( - Z.OBd)
IF (X.GT.0.20.ANO.X.LE.0.40) Y = (1./0.871) .. .. - 2.402)
IF (X.GT.0.40.ANU.X.LE.0.65) Y = (X/0.832) .. .. - 2.582)
IF (X.GT.0.6~.ANO.X.LE.o.80)Y = (X/0.990) It .. - 1.~15)

IF (X.GT.0.80.AND.X.LE.l.OO) Y = (X/l.lRS) It • - 0.826)
IF (X.Gl.1.00.ANO.X.LE.l.45) Y = (X/1.450) .. • - 0.375)
IF (X.Gl.l.4ti) Y = 1.0
Rt::TURN

C

C
C THIS SUBHOUT1NE APPROXIMATES EINSTEINS FIG 7 dY A SERI~S OF EONS.
C

ENO
SU~ROUT1NE FIGS (X,Y)

c

ENU
SUtlROUTlNEFIG7 (X,Y)

c
C THIS SUBROUTINE APPROXIMATES c1NSTE1NS FIG S BY A SERIES OF EONS.
C

28

ENU
SUIjROUTINE FlGd O~, {)'<

C
C THIS SUBROUTINE ESTIMATES EINSTEINS FIG R ~Y A SERIES OF, fUNS.
C

If (X.LT.0.6o) Y = (XII.OOS) It .. 1.178
If (x.(,;T.0.60.AND.X.LE.0.84) Y = OV1.10'.). • (0.957)
IF (1..GT.0.84.AND.X.LI::.1.10), Y '" (X/l.940)· • (0.310)

IF (X.LE.1.0) GO TO 100
GO TO 110

100 Y = 40.0 • X· • ( - 1.28M)
GO TO 180

110 IF (X.GT.l.0.ANO.X.LE.2.0) GO TO 120
GO TO 130

120 Y = 40.0 • A· • ( - 0.982)
GO TO 180

130 If (X.GT.2.0.ANO.X.LE.4.0) 60 TO 140
GU TO ISO

140 Y = 31.1 .. X· • ( - 0.618)
GO 10 180

150 IF (X.GT .4.0.ANO.X.LE.S.0) GO TO 160
GO TO 170

160 Y = 26.0 • X * • ( - 0.486)
GO TO IdO

170 IF (),..GT.8.0) Y = 21.4· X· • ( - 0.394)
180 RE:TUKI~

c

----' -'-GU 'TO"26O
170 If (A.GT.O.9b.AND.X.LE.l.35) GO TO 180

GU TO 190
180 Y = 0.271 • ALOG10(632000.0/X)

GU TO 260
190 IF (~.GT.1.3S.ANO.X.LE.3.00)GO TO 200

GO TO 210
200 Y = 1.115 • ALOGIO(34.4/X)

GU TO 260
210 If (X.GT.3.00.ANU.X.LE.4.00) GO TO 220

GU TO 230
220 Y = 0.725 • ALOGIO(128.0/X)

GU TO 260
230 IF (X.G1.4.00.ANO.X.LE.6.70) GO TO 240

GO 10 2~O

240 Y = 0.3~9 • ALOG10(2160.0/X)
GO TO 260

250 IF (X.GT.6.70) Y = 1.0
260 Rt::T URN
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.. Z).. (z - 1.»/lll. - A) .... (A ..

XJl
X..J2

END
SU~ROUTINE flGI0 (X,Y)

If IX.Ll •• 4) Y = 8.106078 .. X .... ( - 0.989002)
IF (X.LE.l •• AND.X.GE •• 4) Y = 7.473444 • X * • ( - 1.067367)
If (X.Ll.2 •• ANO.X.GT.l.) Y = 7.~120~1" X" .. 1-1.182832)
IF IX.LE.3 •• ANU.X.GE.2.) Y = 9.151968 .. X" .. ( - 1.4724831
IF IX.LT.5 •• ANO.X.GT.3.1 Y = 16.025332 .. X" .. ( - 1.972806)
If (X.LE.7 •• AND.X.GE.5.) Y = 41.421873 .. X" .. ( - 2.578713)
IF (X.LT.I0 .. ANO.X.GT.7.) Y = pO.2209 .. X" .. I - 3.1(5102)
IF (X.LE.13 •• ANO.X.GE.lu.) Y = 584.560594 .. X.. .. ( - 3.818249)
If (X.LT.17 •• ANO.x.GT.13.) Y = 3543~989886 .. X" .. ( - 4.522935)
IF (X.LE.20 •• ANU.X.GE.l1.1 Y = 1690645.945 .. X" * ( - 6.703904)
IF (X.LT.23 •• ANO.X.GT.2iJ.) Y = ~188251B32 ... X .... ( - 9.381815)
IF (X.b£.23.) Y = 3.1349b7996E15 .. X.. .. ( - 13.597547)
R£TUHN

END

END
SU~RUUTINE POWJ (Z,A,XJl,XJ2,CONV~

N = 1
XJl = o.
x..J2 = o.
ALG = ALOGIA)
C = 1.
o = - Z
E = 0 • 1.

" FN = 1.
AEX = A· .. E
GO TO 110

100 N = N + 1
C = C .. O/FN
o = E
E = 0 + 1.
FN = FLOAT(N)
AEX = A" .. E

110 If IASS(E) .LE.O.OOll GO TO 120
X..Jl = X..J1 + C .. II. - AEXl/E
X..J2 = XJ2 • C .. «AEx - 1.)/E .. .. 2 - AEX .. ALGIE)
GO TO 130

120 X..Jl = X..J1 - C .. ALG
X..J2 = X..J2 0.5" C .. ALG" .. 2

130 If (N.ECol.}) GO TO 140
C..Jl = ABS(I. - F..JI/X..Jl)
C..J2 = A~S(I. - FJ2/XJ2)
IF ICJl.LE.CUNV.AND.CJ2.L£.CONVI GO TO ISO

140 f.Jl = X.J1
F.J2 = X..J2
GO TO 100

150 FACT = 0.216
XJl = FACT ..
X.J2 = FACT ..
Rt.TURN

c

c

c
C
C

c

". '."

~~,,;,;,,",,"o:..--If-(X.GT ~i ~ 1O.ANO.X.LE.l 0301--Y--= -IX/0.4751 -. --.•- 1--- 0.208t- -'--_. EINl396o--'-
...,,' IF IX.GT.l.30.AND.X.LE.2.201 Y ='(X/0.9301 • • (0.633) EINI3970
, If (X.GT.2.20.ANO.X.LE.3.10) Y = (X/O.2l8) •• I - 0.~66) EIN13980

IF (X.GT.3.10) Y = 0.530 EINI3990
RE IU~N ElfojHOOO

EINI4010
EIN14020
EIN1'+030
EIN14040
EIN14050
EI/II14060
EINI4070
EINI4080
EIN14090
EINI4100
EI/II14110
EINI4120
EINI4130
EINI4140
EINI4150
EINI4160
EINI4170
EIN14180
EINI4190
EIN14200
EINI4210
EINI4220
EINI4230
EINI4240
EINI4250
EINI4260
EINI4270
Elt-.14280
£1/1114290
EIN14300
EINI4310
EIN14320
EINI4330
EIN14340
EINI4350
EINI4360
EINI4370
EIN14380
EINI4390
EINI4400

THiS SU~~OuTINE APPROXIMATES EINSTEINS fiG 10 BY A SERIES Of EQNS.EINI4410
£11'114420
EI/III4430
EINI4440
EINI4450
EI,...14460
EINI4470
EIN!4480
EINI4490
EI/III4500
EINI4510
EINI4520
EINI4530
EIN14540
EINI4550
EIN14560
EINI4S70

.-
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I
I
I
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ELECTRONIC COMPUTER PROGRAM ABSTRACT

TITLE OF PROGRAM: MODEIN PROGRAM NO.:

PREPARING AGENCY: Simons and Li Engineering

AUTHORS: R. M. Li, R. K. Simons, D. B. Simons

DATE PROGRAM COMPLETED: September, 1979

STATUS OF PROGRAM: Phase - Original, Stage - Operational

A. PURPOSE OF PROGRAM: To compute total sediment discharge by the

Modified Einstein procedure. References: (a) U.S. Bureau of

Reclamation, Sedimentation Section of the Hydrology Branch, "Step

Method for Computing Total Sediment Load by the Modified Einstein

Procedure," July, 1955, revised; (b) U.S. Bureau of Reclamation,

Sedimentation Section of the Hydrology Branch, "Computation of Zls

for Use in the Modified Einstein Procedure," June, 1966; (c) Simons,

D. B. and F. Senturk, Sediment Transport Technology, Water Resources

Publications, Fort Collins, Colorado, 1977.

B. PROGRAM SPECIFICATIONS:

Language: Fortran IV

Solution Requirements: Input data

Method of Analysis: Computer application of the Modified Einstein

Procedure

Size of Object Program: 23,120 characters

External Storage: None

Restrictions: None

General Equations: See reference

Range of Quantities: Unlimited

Accuracy: N/A

Dimension System: English
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C. METHODS: The program is written in Fortran IV in both time-share and

I
I

batch modes. All stops would be unprogrammed, resulting from improper II
input variables.

D. EQUIPMENT DETAILS: The program was developed on a CDC Cyber 172 but

can operate on any compatible system. No special computer equipment

is required. A normal configuration of reader, CPU and printer is

required to run the program in batch mode.

E. INPUT-OUTPUT: Input requirements are: The number of data sets,

mean velocity (ft/sec), hydraulic depth (ft), water surface width

(ft), water temperature (OF), kinematic viscosity (ft2/sec), D
65

(ft), D35 (ft), average sediment concentration (ppm), portion of

depth not sampled (ft), average depth of sampling (ft), integer

selectors to determine sediment input data, and detail of output

and sediment sizes and percentage.

F. ADDITIONAL REMARKS: The method can be used to estimate the total bed

material load but cannot be used for design purposes.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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PART I: ENGINEERING DESCRIPTION

1. PROGRAM NUMBER:

2. TITLE: MODE INS

3. REVISION LOG: N/A

4. PURPOSE OF PROGRAM: To compute total sediment discharge by the Modi

fied Einstein Procedure. References:

a) U.S. Bureau of Reclamation, Sedimentation Section of the Hydrology

Branch, "Step Method for Computing Total Sediment Load by the

Modified Einstein Procedure," July, 1955, Revised.

b) U.S. Bureau of Reclamation, Sedimentation Section of the Hydrology

Branch, "Computation of ZI S for Use in the Modified Einstein

Procedure," June, 1966.

c) Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

5. STEP SOLUTION:

a) The input variables that must be supplied are:

1 - Number of data sets (NDATA)

2 - Mean velocity (UAVE), ft/sec

3 - Hydraulic depth (DEPTH), ft

4 - Water surface width (W), ft

o5 - Water temperature (TEMP), F

6 - Kinematic viscosity (XNU), ft 2/sec

7 - D65 (D65), ft

8 - D35 (D35), ft

9 - Average concentration (CONC), ppm

10 - Portion of depth not sampled (DN), ft

11 - Average depth of sampling (DS), ft
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12 - Integer selector (JIN)

If JIN = 1, the size fraction used by the USBR in Reference a

will be used except the third value will be deleted. Number

of size fractions = 10.

If JIN = 2, the size fractions used by the USBR will be used

except the first 2 size fractions will be deleted and the

third used instead. Number of size fractions = 9.

(up to 10), sizes and percentages.

13 - Integer selector (JOUT)

If JOUT = 1, the output will consist of the general input

date, a check on the convergence of Z prime and 20 columns

of final results (see Reference a).

If JOUT = 2, sediment data and columns 1, 4, 5, 6 and 20 of

the table output will be printed.

JIN = 1 JIN = 2

DRL DRU DRL DRU

.000 - .0156 .002 - .0625

.0156 - .0625 .0625 - .125

.0625 - .125 .125 - .250

.125 - .250 .250 - .500

.250 - .500 .500 - 1.00

.500 - 1.00 1.00 - 2.00

1.00 - 2.00 2.00 - 4.00

2.00 - 4.00 4.00 - 8.00

4.00 - 8.00 8.00 - 16.00

8.00 - 16.00

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

3, the user specifies the number of size fractionsIf JIN
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distribution and settling velocity (subroutine LSZPVS)

14 - If JIN = 1, the percent of bed material in size fractions

(FB) and the percent of suspended load in size fractions

(FS) for 10 size fractions are read in.

2, same as if JIN = 1 except only 9 values areIf JIN

input.

If JIN = 3, read in the number of size fractions (ND) ; the

lower limit of sediment size in a given range (DRL) , mm; the

upper limit of sediment size in a given range (DRU) , mm; the

percentage of bed material in that size (FB); the percentage

of suspended material in that size (FS) .

g)

b)

routine PLATE4.

d) Compute the intensity of shear on particles (subroutine PLATE5)

e) Compute the constant P, the distance of lower limit of integra

tion above the sampling depth, and the distance of lower limit of 

integration above the stream bed divided by the depth.

f) Compute number of size fractions for which there are both bed and

suspended discharge (subroutine SDR)

Compute the multipliers from plate 7 (subroutine MULCOM) and the

exponent for vertical distribution of sediment (subroutine ZPCOM)

h) Compute a least squares fit of the exponent of vertical sediment

(Note that size fractions should be punched in order of

increasing size)

Compute the value of RS by iteration, subroutine RSCOM and sub

routine PLATE3.

c) Compute the percentage of flow through the sampled zone, sub-

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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i) Compute sediment load and suspended load (subroutine POWER)

j) Print results

6. ACCURACY: N/A

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



INPUT REQUIREMENTS: The program is written for either the time-share

or batch processing mode. The source listing is for the batch mode.

EQUIPMENT AND OPERATING SYSTEM: The program was developed on a CDC

tion of CPU, reader and printer are necessary to run the program in

Card 2

Card 3

Card 3

FORMAT

15 Card 1

FlO.O Card 2

F10.0 Card 2

FlO.O Card 2

FlO.O Card 2

F10.0 Card 2

F10.0

FlO.O

FlO.O

Number of data sets

Mean velocity, ft/sec

DESCRIPTION

Water surface width, ft

oWater temperature, F

Hydraulic depth, ft

is finer, ft

Average concentration, ppm

is finer, ft

Sediment size for which 65% of sample

K · .. . f 2/1nemat1c V1SCOS1ty, t sec

REVISION LOG: N/A

Cyber 172 but can operate on any compatible system. Normal configura-

PART II: COMPUTER FUNCTIONAL DESCRIPTION

FUNCTIONAL FLOW CHART: (see Figure 1)

7

batch mode.

in the time-share mode prompts the user for input data.

SECONDARY STORAGE INPUT FORMAT: None

INPUT DATA DESCRIPTION:

NAME

UAVE

NDATA

(Figure 2). Figure 3 is the interactive mode listing. The program

XNU

DEPTH

TEMP

CONC

D65

D35 Sediment size for which 35% of sample

1.

3.

2.

4.

5.

6.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



If JIN = 2 the following sediment sizes are used: (D(J), J=1,9) =

.Oll, .0884, .177, .354, .707, 1.41, 2.83, 5.66, 11.32 (mm)

If JIN = 1 the sediment size used by the USBR in Reference (a) is

used except for the third value (D(j), J=1,10) = .0056, .0312, .0884,

.117, .354, .707, 1.41, 2.85, 5.66, 11.32 (mm)

8

NAME DESCRIPTION FORMAT

DN Portion of depth not sampled, ft FlO.O Card 3

DS Average depth of sampling, ft F10.0 Card 3

JIN Integer input selector code Il Card 4

JOUT Integer output selector code Il Card 4

3 the user supplies the sediment sizes and percentages.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Cards 5-14

Cards 5-14

Cards 6-14

Cards 5-13

Card 5

Cards 5-13

Cards 6-14

Cards 6-14

Cards 6-14

Il

F10.0

FlO.O

F10.0

F10.0

F10.0

F10.0

F10.0

F10.0

Decimal percentage of bed material in

size fractions

Decimal percentage of suspended material

in size fractions

Number of sediment sizes

Decimal percentage of bed material in

size fraction

Decimal percentage of suspended material

in size fraction

Decimal percentage of bed material in

size fraction

Decimal percentage of suspended material

in size fraction

FB

FS

FB

FS

If JIN

ND

DRL Lower limit of sediment size in each

fraction

DRU Upper limit of sediment size in each

fraction

FB

FS
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18 - I two double prime

19 - Product of IS

12 - J one prime

13 - J two prime

14 - J one double prime

15 J two double prime

16 - Product of JS

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

printed. Additionally, DRL(J) and DRU(J), lower and upper limits

I one double prime

Computed load, in tons/day

2 - PSI

3 - PHI shear

4 Percentage of bed material in size fraction

5 - Bed load transport, tons/day

6 Percentage of suspended load in size fraction

7 - Sampled transport in size fraction

8 - Multipliers

9 - Z prime values

10 - A doulbe prime values

11 Geometric mean diameter, in ft

17

20

7. SUMMARY OF REQUIRED CARDS: (See 6)

8. OUTPUTS: JOUT selects the type of output desired. If JOUT = 1,

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, ft

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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of the size fraction range, in rom, will be printed to the left of

the 5 columns previously mentioned.

9. OPERATOR INSTRUCTION: None

10. PROGRAM ERROR MESSAGES: None. Program stops would result from

improper input data.

11. VARIABLE DEFINITIONS:

A - Coefficient in least squares fit equation

AP - Ratio of the depth notisampled to the average sampling depth

APP Ratio of 2 x grain diameter to the depth

AREA - Cross-sectional area of flow, ft
2

1 z'
COL16 J 2 fA' [(l-y)/(y)] dy

f1 z'
COL17 J 2 A' [(l-y)/(y)] In(y) dy

1 z'
COL18 J'1 fAil [(l-y)/(y)] dy

1 z'
COL19 - J2= .£A" [(l-y) / (y)] In(y) dy

COL20 - A factor containing P and Einstein's integral Ji' J'1' J2, J~

COL21 1'1 = Mathematical abbreviation which contains J1 that is

associated with the total depth through which suspended sedi-

ment is discharged.

COL22 - 12- Mathematical abbreviation which contains J2 that is

associated with the total depth through which suspended sedi-

ment is discharged.

COL23 - The factor that is multiplied times the bed load to determine

total load in each size fraction

CONC - Sediment concentration, ppm

D - Sediment size, ft

DEPTH - Hydraulic depth, ft

DISCH - Water discharge, cfs

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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DN - Portion of depth not sampled, ft

DRL - Lower limit of sediment size in each size fraction, nun

DRU - Upper limit of sediment size in each size fraction, nun

DS - Average sampling depth, ft

DXKS - A parameter used in computing P

PHISH - Intensity of bed load transport

PSI - Function for correlating effect of flow with intensity of

sediment transport

QSM - Sampled suspended load, tons/day

QSP Sediment discharge in sampling zone for each size, tons/day

QSPT Sediment discharge in sampling zone, tons/day

RS - Hydraulic radius times energy slope, ft

TBL - Total bed load, tons/day

TEMP - Water temperature, of

D35 Sediment size for which 35% of the sample is finer, ft

D65 Sediment size for which 65% of the sample is finer, ft

FB - Decimal percentages of bed material in each size fraction

FQL Total sediment load in each size fraction

FS - Decimal percentages of suspended material in each size

fraction

JIN - Integer code for type of input data

JOUT - Integer code for output

NDATA - Number of data sets

P - A parameter

- Percentage of streamflow sampled

- Total bed material load, tons/day

- Total suspended load, tons/day

PFS

TQL

TSL

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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DAVE - Mean velocity, ft/sec

VS - Settling velocity, ft/sec

W - Stream width, ft

XIBQB Bed load transport in each size fraction, ton/sday

XKS - D65, ft

XMULT - Multiplier
2

XNU - Kinematic viscosity of water, ft /sec

XPSI - Intensity of shear on particles

YPSI - Intensity of shear on particles

ZP - Exponent for vertical distribution of sediment

12. EXAMPLE CASE:

a) Batch mode (See pgs. 13 and 14.)

b) Interactive mode (See pgs. 15-18.)

13. JOB PROCESSING TIME:

To compile: 10.4 cpu sec

To execute: 0.31 cpu sec (batch)

0.44 cpu sec (interactive)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Example case, batch mode.

COMPUTATION OF TOTAL SEDIMENT LOAD ~Y THE MODIfIED' EINSTEIN PROCEDURE

DATA INPUT

230.:~4 C.F.S.
12.00 FT./SEC.

.9B FT.
113.00 FT.
110.74 Sl~.FT.

64.00 DEG.FAHREN.
.0000114 SQ.FT./SEC.
.0010~)0 FT.
.0007:::;0 FT.

CONCENTRATION 262.06 PPM;
SUSPENDED LOAD 162.9420 TONS/DAY
OF DEPTH NOT SAMPLED .30 FT.
DEPT/--l. AL8.AMf'LINO .. ...__ .. 1.22 r:.:r.. _. ~.__

SET 1
WATEr~ DISCHAFWE
AVERAGE VELOCITY
HYDfMULIC DEPTH
WATER SURFACE WIDTH
AREA
TEMF'ERATUI~E

KINEMATIC VISCOSITY:
D65 .:(' .. ,
D35
AVEf~AGE

SAMPI... ED
POfaION

.. AVEf~/lGE

CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY PRINTING OUT VALUES INVOLVED
.....
w

ITER. ZTRY Rl~SP CROSP [JCRCl

1 .65698 19+13742 17+15951 -1.97791

2 .64217 19.13742 19 +17448 .03706

J ZPC) VS(J)

1 .013859 .000087
2 +154001 .002709
3 .642172 .020833
4 1.464188 .0671.,24..- 2.~i81f.,48 • 1:;'i2040J

6 3.743757 .2:::j85:50
7 4.998487 .390728
8 6.47659:3 .565719
9 8.302996 • BOf.>727

10 10.604473 1.144244



J D(J) PSI< J) F'HISH(J) FBU) XIIICUI (J) FS(J) OSPU) XMULT(J) ZP(J) APr" (.J)

1 .000018 5.489 .51332 0.000 0.000 .220 28.2B~! .022 .0.14 .O()OO372 .000102 5.489 .51332 0.000 0.000 .2~;O 32.139 • ~~40 .154 .000209
3 .000290 5.4fJ9 .51332 • :3S0 2.El21 .42() ::'i3.993 1.000 .642 • o()o~')n
4 .000580 5.489 .::';1332 .500 10.~)OO .110 14.j.41 2.;WO :1. .464 .O():l.1B45 .001160 5.489 .::';:1.:3:32 .0~iO 2.970 0.000 0.000 4.020 2.5B2 .OO23f.,7
6 .002320 6.791 .29644 .010 .970 0.000 0.000 ::'; • El30 :50 744 .004734
7 .004640 13.582 .02662 .010 .246 0.000 0.000 7.7B4 4.99B .0094698 .009280 27.16:i .000:1. 0 0.000 0.000 0.000 0.000 10.0B:5 6.477 .O:l.893B
9 .018559 54.327 .00000 0.000 0.000 0.000 0.000 12.930 J.L 303 .037B7610 .037118 108.654 .00000 0.000 0.000 0.000 0.000 16.::';:1.3 j,().604 • 0757~)~~

J IHJ) C0L16 (.J) C0l.17 (J) COl.18(J) COl.19(J) COL20(J) COL21 (.J) COL2;'~( .J) COl.,2:5 ( J) COMP.LOAD

1 .000018 .753 "·.411 1.00l -1.024 1.275 0.000 0.000 0.000 36.0~5152 .000102 .705 -.421 1.064 -1.:532 1. 411 0.000 0.000 0.000 45.3410
3 • ()OO290 0.000 0.000 0.000 0.000 o .OO() 6.366 -·16.78~_) 52.19:3 147.2::';29
4 .000580 0.000 0.000 0.000 0.000 0.000 .42:5 '·-2. :1.40 :i.372 :35.40'/9 .....5 .001160 0.000 0.000 0.000 0.000 O.OO() .L,::'; -.7:34 :1..710 5.0l87 .j::o..
6 .002320 0.000 0.000 O.OQO 0.000 0.000 .078 -'. :5B9 1.44:5 1. :3999
7 .004640 0.000 0.000 0.000 0.000 0.000 .O::'i:3 -. 2:3~5 1. :3:53 • :5205
8 .009280 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00009 .OHJ559 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.()()()O

10 .037118 0.000 0.000 0.000 0.000 ().OOO 0.000 0.000 0.000 O.OOO()

TOTAL BED LOAD 17.5 TONS/DAY
TOTAL SUSPENDED LOAD 253.4 TONS/DAY
TOTAL LOAD :'UO.9 TONS/DAY

.312 CF' SECONDS EXEClJT!O,N. TIME

_.-_.~------- _._-'_._--

- - _.- - - - - .- _ •...~5i - - -- - - -
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Example ·case, interactive mode

1N F' I:;~C) CEnUf< E::

Ei) TE r;: NUi"i r:, F F;: f) F It (:'1 "I" tl ~:) LTG ~J NIl () T ,~~ ::::
? :I.

[NTEr~ IN(lP'f:::::\. TU F;~EiYO IN (ll..l... 'filE r-i(:,,-JOr~ ~.)('d:~J()DI...E~:) Ij\J ONI::: ~:)Tr~INC:ill

DTHE F: l..J1 ~) E IN F'1...I"i' [I () T(~ D;..tE r: Y ui"'~ E
"f 0

HYnr~()UI, .. J C DEPTH IN FT v y DEPTH::;:
"f 0 (. '?B

t·.I/) "j' F F: b l...l F: F (i CE lr.' I DTH I N F T \,:1 ~J ::::
? :1:1.3,.

TE j'''i PL F< (:) TUr;.~ FIN DE 13 9 F () F~~ EN 1,1 y y TE t'1 F' ::::

1< IloJEj"-j(l'r let.) T~:)cnb I TY I (! f)C~ Y FT ,. /'~:)EC ~ II XNU::::
"f .. (J (> () 0 :I. :I. 4

D6~5 TN FT + ::::

"f' + 00 t o~:.=;

D3 !,:,;j J N F'f v:::

PCJr~~T I OJ''-~ OF ·f1EPTH NO'f ~::;;()i'iiF'I...ED :I: N FT + fiN:;;:

(ll)FI:;~()C:iE DEP'fH OF ~:;()hPI... I j\!C, IN FT·, y Db:;:
.-? J. v ::~ :::.~

~::; EIt 1 (j F f) T ~:) I:?' E :[1 ('1 .j' (:) I f···.! P U"j' 0 F' "j' I CJ(!
J I j\'!:::; J F CI r~ J 0 DF F J (1 ED ~::; J FP () CT·I Uj"'~ ~:)

...J J j") :::: ? F UF: (in FF Ii\! F 1:1 E 1 FF' (~l CI (] 1'··1 f; :.'

....f I i'·~ ::;: :..:~ U~3 Eh~ F' r:.: CJ t.) III EG :::;; I F' r;~';~1 CTID It3 (:, j\!:O :u (:1 TPi
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( J...OIAEI:;~ ) (UF'F'Lt:~~ )
~ () 020 .... + () It=j (~.)

+ 0 :1. + ()62~:5

J :rJ"~:::: ~?

DF:I... Dr~U

(I...DV.JER) (lJF'PEr;~)

+·;.:?~:.:;OO + ~:.:;OO()

+·~:5000 :J. .0000
:1..0000.... 2.0000
:.:.~ •() noo.... 4 " OOCJO
-4 v 0000.... n v O()OO
n .·0000 .... 1·6 v 0000

ENTEr~: J IN::::

o O/)::.?~.:.:; .... y :l.2~::jO

v ;?~.;.;O()

,,0020
t O{:·j::.:.~~,=j ..
y :1.2~:50 .
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4.0000
n (. 0000
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1
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'::'S ( ::.~

FF;~tICT I (}N~:) OF BED tll~TEF: T!~~I... FH (
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ENTEr< JUUT::::

Ej\l'r E:f< T j··1 E

T 0" 00 /')1::
I;. ~- '\ •.'

EN'rFi=< F'n ( ...:J ) F' ~:) <: ~':)

? ()·~·3Hy Ov ·42
EN r[:r~: FB( ..:1 F'S ( .<}

.'( 0 •.·E:jO 'I o.t :1.

Ei'JTFr;~ FB( 1::' ) F'~:)( ~.;5,.J

"f' 0 ~ O~:.;··IO \~ 00
ENTI:::F: F[-: ( l. ) F~::; ( (~) )

I.~J

'f 0,. 0 :l y 0 y 00
ENlEF~ FE: ( "'I

F'~:> ( l )l

? 0 "~,, () :1. 11 o. no
FNTEr< FB( B FD ( E:

of' 0" 00 ~O 00
Ei"-·tTE;:r: FB ( ? FS ( <.I )

'f () .('0 y·o" O()

(~s FOLL.OW I NCj t
ENTEI:< FE:.( :I.) F'~3 ( 1 )

"r ().o (}y 0 !' ~;.~:?

FNTEF~ FB( 2 )

-- - --- - - - -- _..- -- -



-- - - - -_.- - -
t>ET :l.
t~(1TEr;~ III ~:)CI"I(~r~GE

(ll·')EF:{~ICJE I')FLOC J TY
HynF~(:·IUI...JC DEPTH
I!J(:', T E h~ GUF: F ()C F hJ J nTH
(·lr;.:Etl
"C Fi··t r:'CF:(', TUF:E
I(JI'·!Ljvj() TIC l)]: ~:)CD~:; I lY
D(S~.:.;j

D3~.;j

(il')FF~(.:fUE CUi\!CEf·!TF~(i"j'I 0,'··1
~:){\i"IF'LE D E;f...I~::)F'EU:OE:O I...O() D
POh:T J ON OF DFF'TH NO·"'~::;(Ji'liPI...ED

(jl....'EF:(:\Cj[ DEPTH (~l T ~:)(:·,i·viF'1... I '··1G

:1.:1.
:l.lO

Zj·l~ +00
0) OOOO:L:I.·4

,; 00:1. ()~:50

+ O()O:?!.:S()

::?i.":·;.2,,·00
:1. b ::.~~ .;- {) B :I. 2

,,30
:I. .~ ::.:.~ ::;.~

C+FvGo)
FT o)./:3EC <:

Fl.;.
F'r ..
sn.;.FT v

:OE G..:. F (:, I·' F~ E ;\1 ..;.
BCJ.,·F·r.; /···~:;EC .;.
FT~

F'r \0

F'F'I''i",
'rON:;:;/D(i Y
F'ri)
FT'i

,.1

")
1:1.

P
.'1

ZTr~",'

ZP( ...J:>

"O:l.90:lD
~ 3:3:-3 ~::; ~:.:j ~:.:j

• '7 (~) () ~s ::.~ ~.:5

:1.• 34 o<;:'::.:j -4
:I. • <'y'44~;5'74

'2" 591::.,::;0 ..':')
:-:s. 3640~:.:j/
4 ., 3 :I.? ';.:.1 ~.:.~ -4
!.:.:; .. ~.:.; 0 B :I. ~:,:; 2

'.)B(J)

~ 000:340
+020B33
+ O.;~)?b24

~ :I. ~.='=;2040

.39°128
+' ~;.:,i ~':':. ~:,:j '/ J \»
+00(:)72'.7

:l. (. :1.4424·4

.... :1. -> '?UU6?

.... <- OO:'.~6B



0+000
0.000

von)'

2 .. 900

n~:;p (.,J)

OvOOO
Oy()OO

l··;l",·:r. :I.e
0+000
0,,000
OtOOO
0 .. 000
O~O()()

::.:.~ n ., :~:.~ :..:~ 'I'
:';)::.:.~ v ()B/

!~:;:3 v 90·.?

COI... 2:1. (J)

,. l:l.()
().j. 000

FS( ..J)

0,.000
0.(.000
o~ooo

OvOOO

:I. y(j)']

OvOOO
0+000
() v O()O
0.; 000
o v ()()O

0(.000
o t· 000

COL.20( •.1)

'.? ~"\?B()

tOO:';)
0,;000
0,,000

o.;.OO()
o.()()O

..··1~.033
··;·2 v ():I. ~:.:j

0 .. 000
OvOOO
OvOOO
0.; 000
O~O()()

Ot()()O

0,,000

X1 HiJ:C·: ( J )

COl... J (Y"( ,J)

OyOOO
0."000

.;. ~:.=.;oo

.. o~::.;o

(.010
,.OJO

0.000
O,·()OO

:I.~ ():l. 0
J.+ ::.~2;.:.~

() .j. 000
0,,000
0" O()O
0,,000
0,,000
0.; ()OO

() .". OO()

COL.:f.O(..})

····,,4:1.:1.
····'.-·439
OtOOO
()';' 000
() ,·000
0.;000
0.000
0.000
OitOOO

.. ~:.:j :I.
\. ~.::.; :I.
~~:5:1.332

~ ~:5 :1. 3 :-5 ~~

;. 2 ':.~\ {.·4 -4

"OOOJO
.:.OOO()()

+00000

Pff.I:GH( ..../ )

CDl...l?(J)

J)

.; ?!50

~::j.;. 409
(~).; ?(?:I.

0.000
0.000
0(.000
() ,. 000
0+000
0.;000
0.; OO()

n ( .../)

1)(J)

* 00003·.?
,.000:2(.10
* ()()O~5nO
\.00:1. J 60
.;. 0023::.~O
t 00·4640
\.OO(?2UO
.; 0 J. U ~:.:.; ~::j ?

~. 0 0 () () :..;~; ?
~()O():?')O

•oOO'.::.;B()
.;. 001 :1.60
.,002320
,,004640
.; 009:?DO
" O:t. n~.5 ~.;j (?
.. 0:::)'7:1.10

1

TnTf~'IL BED L.O(.tI:t
lOT{,1... ~:)U~3r'ENrIED I..O/)D
T (J r {~I... 1...0 i1 n

v ·4 i~:I. CP "~:) Eel] NIl S " E)( E c:: Ul I f) N T 1 j\-j[

l:~2 ·roj\~G/.o(.:·IY

:3?2 (. 6 T(jNn/D(~Y

-":.:1. !.:.:.; (. -4 TeH··.! ~::; D(i Y

-- - - - .- - - - - .-



19

Figure 1. Flow chart for the Modified Einstein Procedure.

IPROGRAM MODEIN I
J

I READ NO. OF DATA SETS, NDATA I
I

<l-IHYDRAULIC DATA INPUT I
SUBROUTINE INPUT1

!ISEDIMENT DATA INPUT I
SUBROUTINE INPUT2

1I CO}~UTE RS
SUBROUTINES RSCOM & PLATE3

J
COMPUTE PERCENTAGE OF STREAMFLOW SAMPLED

SUBROUTINE PLATE4

iICOMPUTE INTENS ITY OF SHEAR
SUBROUTINE PLATE5

T FROM 1 !
NDATA I COMPUTE CONSTANTS I

& LIMITS OF INTEGRATION

~
COMPUTE NUMBER OF SIZE FRACTIONS

FOR WHICH THERE ARE BOTH BED
MATERIAL AliD SUSPENDED DISCHARGE

SUBROUTINE SDR

J
COMPUTE THE MULTIPLIERS AND EXPONENTS

FOR VERTICAL SEDIMENT DISTRIBUTION
SUBROUTINES MULCOM & ZPLOM

~
COMPUTE A LEAST SQUARES FIT OF THE EXPONENT OF

VERTICAL SEDIMENT DISTRIBUTION AND SETTLING VELOCITY
SUBROUTINE LSZPVS

~
COMPUTE SEDIMENT LOAD AND SUSPENDED LOAD

SUBROUTINE POWER

!
IPRINT RESULTS I

I

~

REPEA
TO

I
I'
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I

THE FIRST CARD IS TO BE FOLLOWED BY THE NUMBER OF SETS Of INPUT
DATA, EACH ONE CONSISTING OF THE FOLLOwING, IN THE ORDER SHOwN
(OROER IS THE SAME AS THAT USEo IN REFERENCE 81

I

I
I
I
I
I

I

I

I

I

I

I
I

I

OO!,)

0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
0160
0170
OHiO
0190
0200
0210
0220
0230
0240
0250
02bO
0270
02BO
0290
0300
0310
0320
0330
03'+0
0350
0360
0310
0380
0390
0400
0410
0420
0430
0440
0'+50
0460
0470
0480
0490
0500
0510
0520
0530
05'+0
0550
0560
0570
0580
0590
0600
0610
0620
0630
0640
0650

fT.

035
CONC
ON
OS

065

TO BE PUNCllEO IN FORMAT (8FlO.Ol
VARIABLES, FORTRAN NAME A~O UNITS.

UAVE Fr./SEC.
DEPTH FT.
w Fr.
TEMP DEG.fARENH.
XNU SQ.FT./SEC.

APPROXIMATELy 1 SEC.

COLORADO STATE UNIVERSITY ENGINEERING RESEARCH
CENTER, FORT COLLINS, COLORADO, 80523.
COMPUTA1ION Of TOTAL SEDIMENT LOAD BY
THE MODIFIED EINSTEIN PROCEDURE.
U.S. HUREAU OF RECLAMATION PUBLICATIO~

SlEP MEl HOD FOR COMPUTING TOTAL SEDIMENT
BY THE MODIFtEO EINSTEIN PROCEDURE, JuLY
(REVISEDI ANoADDENOUM COMPuTATION OF l
IN THE ~ODIFIEn EINSTEIN PROCEDURE, JUNE
CDC 6400 SCOpE 3.3 SYSTEM DEFAULT VA~uE,

43000 OCTAL.
APPROXIMA1ELY 8 SEC.

II GENERAL DATA, 13 VARIABLES
FOLLOwING IS A LIST OF THE
AVERAGE vELOCITY
HYDRAULIC DEPTH
WATER SURFACE wIDTH
TEMPERA1UHE
~INEMATIC VISCOSITY
6~ PERCENT FINER DIAMETER

FOR tiEO-IolATERIAL
35 PERCENT FINER DIAMETER

FOR t:!EO-MATERIAL
AVERAGE CUNCENTRATION
PORTION OF DEPTH NOT SAMPLED
AVERAGE DEPTH OF SAMPLING

INPUT AND OUTPUT DESCRIPTION

REFERENCES

MOl)
MOD
MOO
MOO
MOO
MOD
MOD
MOO
MOO

LOAD MOO
195!j MOO
fOR USEMOO
1966. MOO

MOO
MOO
MOO
MOD
MOO
MOD
MOO
MOO
MOD
MOD

THE FIRST CA~O IN THE INPUT LOGICAL RECORD SHOULD CONTAIN MOO
THE VALUE Of NOATA, IN FORMAT 15. NDATA 15 THE NUMBER OF SETS MOO
OF INPUT DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUTMOD
DATA CONSlsrs OF A GROUP OF VARIABLES NECESSARY TO SPECIFY MOD
A PROBLEM, AS DETAILED BELOW. MOO

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

21 INTE6E~ SELECTORS JIN AND JOUT, TO BE PUNCHED IN FORMAT 211. MOO
JIN SELECTS THE NUMBER AND RANGE IN lHE COMPUTATIONA~. MOO
SIZE FRACTIONS. NO IS THE NUMBER OF SIZE FRACTiONS. MOD
IF JIN=l, THE SIZE FRAC~IONS IN TH~ USSR PUBLItATION WILL BE MOD
USED. THE FIRST TWO SIZE FRACTIONS WILL BE USED AND rHE THIRD MOO
DELETED, RESULTING IN NO= 10 MOD
IF JIN=l, THE SIZE FRACTIONS IN THE USSR PUBLICATION WILL BE MOO
USED. IN THIS CASE THE FIRST fWO SIZE FRACTIONS WIL~ BE DELETEDMOD
AND THE THIRD USED INSTEAD, RESULTING IN ND=9 MOD
IF JIN=3, THE USER HAS THE OPTION OF SPECIFYING THE NUMBER AND MOD
RANGE Of COMPUTATIONAL SIZE FRACTIONS. IF THIS OPTION IS MOD
CHOSEN, NO SHOULD BE READ IN THE CARD IMMEDIATELY FOLLOwiNG, MOD
IN FORMAT 11. MOD
JOUT SELECTS THE T~PE OF OUTPUT DESIRED. MOD
IF JOUT=!. OUTPUT WILL CONSyST OF THE GENERAL DATA, CHECK ON MOD
CONVERGENCE OF Z PRIME, AND THE FINAL RESULTS IN 20 COLUMNS, MOD
AS FOLLOWS. MOO

CORE USAGE

COMPILATION TIME
CENTRAL PROCESSOR
TIME fOR ONE
st.r OF DATA

DEVELOPED

PURPOSE

PROGRAM HODEII"I

lliNPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPU[1
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
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

Figure 2. Batch listing, Program MODEIN.
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I
0660
0670
0&80
0&90
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800
0810
0620
0630
0840
0850
0660
0870
0880
0890
0900
0910
0920
0930
0940
0950
09&0
0970
0960
0990
1000
1010
1020
1030
1040
1050
lObO
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1110
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310

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

FB(lO), MOO
, MOD

MOO
MOD
MOO
MOD
MOU
MOO
MOO
MOD
MOD
MOD
MOD
MOO
MOD
MOD
MOO
MOD
MOO
MOD
MOD
MOD
MOO
MOO
MOD
MOD
MOD
MOD
MOD
MOD
MOO
MOD
MOD
MOD
MOD
MOD
MOO
MOD

CJ2IZ)
C2 (Z)

DEPTH
XNU

, QSM

, FQLII0)
,~ APP (10)

, FB I 10)
, JOUT

, COLl8ll0)
, COL2ZII0)

, UAVE
TEMP
CONC

VS (11)
JIN
NoZ

, Xl BaB (10)
, AP

, ORU I11)
, C..ll (2)
, CIIZ)

, COLl7 (10)
COLZI(10)
PHISHllO)

DISCH
AREA
03S

, OS
0(11)
XMUL TI 10)
NOI
QSP I 10)
P

DRllll)
C..lO (2)

, C..lIZ)
, C4 (2)

COLl6 (10)
COLZO I 10)
PSI(10)

1) GEOMETRIC MEAN OIAMfTER, IN FT.
2) PSI
3) PHI SHEAR
4) PERCENTAGE Of BED MATERIAL IN SIZE FRACTION
5) SED LOAD TRANSPORT, TONS/DAY
6) PERCENTAGE OF SUSPENDED LOAD IN SIZE FRACTION
7) SAMPLEu TRANSPORT IN SIZE FRACTION
8) MULT lI-'LIERS
9) Z PRIME VALUES
10) A DOU~LE PRIME VALUES
11) GEOMETRIC MEAN DIAMETER, IN FT
12) ..l ONE PRIME
13) ..l two PRIMt::
14) ..l ONE DOUBLE PRIME
15) ~ TWO DOUBLE PRIME
16) PROUUCT OF ..lS
17) lONE DOUBLE PRIME
18) I TwO DOU8LE PRIME
19) PROUUCT OF IS
20) COMPUTED LOAD, IN TONS/OAY
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 ~ILL

BE PR1NTED. ADDITIONALLY, URLIJ) AND ORUIJ), LOWER AND UPPER
LIMITS OF THE SIZE FRACTION RANGE, IN MM, WILL 8E PRINTED TO
THE LEFT OF THE 5 COLUMNS PREVIOUSLY MENrIONED.

3) DATA ARRAYS.
IF JIN:l, THE PERCENT OF BED MATERIAL INSIZE FRACTIONS
AND PERCENT OF SUSPENDED LOAD IN SIZE FRACTIONS FS(IO)
SHOULD 8E PUNCHeD IN FORMAT 2FIO.0
IF ..lIN:~, F8(9) AND FS(9) SHUULD 8E PUNCHED IN FORMAT 2FIO.0
IF JIN:3, THE RANGE OF COMPuTATIONAL SIZE FR~CTIONS SHOULD BE
SPECIFIt::D IN ADDITION TO THE PERCENTAGES FB AND FS.
IF THIS OPTION IS CHOSEN. DRLIND), ORUIND), F8(ND) A~D FSIND)
SHOULD ~E PUNCHED IN FORMAT 4FI0.0
DRLI..l) ANU DRUIJ) ARE THE LoWER AND UPPER LIMITS OF THE SIZE
FRACTION RANGE. IN MM, RESPECTIVELY. NOTE THAT SIZE FPACTIONS
SHOULD 8E PUNCHED IN ORDER OF INCREASING SllE.

COMMON /ALL!
1 w
2 065
3 ON

COMMON IALLB/
1 FS(lO)
2 N,D

COMMON /ALLCI
COMMON /ALLDI

1 ZPII0)
COMMON /ALLEI
COMMON ICEFI

1 C..l3(2)
2 C3IZ)

DIMENSION
1 COL19(10)
2 COLZJII0)

Rt::AD (5,300) NOATA
DO 280 L : 1,NDArA'

IOZ : 0
WRITE lotJ50)
WRITE (0,360)
CALL INPUT!
CALL INPUTZ
WRITE (00370)

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
C
C
C
C
C
C
C
C
C
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I

I

I

I

I

I
I

I

I
I
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I
I

I

I

I

I
I

I

I

I

I
I
I

I
I

i····

100

CALL RSCOM (X,RS)
CALL PLATE4 IX,PFS,XKS)
QSPT = QSM •

DO 110 J = l,No
XPSI = 1.65 w o35/RS
YPSI = 0.66 • oIJ)/RS
XYPSI = XPS1 - VPSI
IF IXYPSI.LT.O) GO TO
PSIIJ) = XPSI
GO TO 110
PSI l~) = YPSI

CONTINUE

DO 120 ~ = },ND
XX = PSIIJ)
CALL PLATES IXX,VY)
PHISHI~) = yy
XIBQtiIJ) = 43.2 • w •
FBW)
QSP(~) = FSIJI • QSPT

CONTINUE

OXKS= 30.2 • X * DEPTH/XKS
P = 2.303 • ALOGIOIDXKS)
AP = ON/OS
DO 130 J = I,N[)

APP(J) = 2 • DIJ)/OEPTH
CONTINUE
CALL SoR IN,KI
NI = N + I
NK = N + K
wRITE (0,290)

IF (K.lH .2) GO TU 150
CALL MULCUM IK,Nl,NK,KK)
CALL ZPCOM IKK,IUZ)
If I WZ.E(,l.ll GO TO 280
DO 140 J = I,ND

ZP(J) = lP(KK) * XMULr(J)
CUNTINUI::
GO TO 190

CONTINUE
DU 160 J = NI,NK

CALL ZPCOM IJ,IUZ)
IF (IDL.EQ.I) GO TO 280

CALCULATING HYDRAULIC RAoIUS.SLOPE
PFS, AND SEDIMENT DISCHARGE THROUGH

CALCULATIN~ ~Eo LOAD DISCHARGE xIBQBI~) AND PERCENTAGE OF
SU~PENDED MA!ERIAL IN VARIOUS SIZE FRACTIONS QSPIJ)

\

CALCULATING P, APRIME AP, AND A DOUBLE PRIME APPIJ)

If K IS GREATER THAN 2, CONTROt ~RANCHES TO STATEMENT 1&0
CALCULATING MULTIPLIERS XMULTIJ) , ANO ZP~lME ZPIJ)

,
f

WR I TE- (t», 380 ) "L-, 0 I SCH, UAVE ;DEPTH; w, AREA, TE1'I~, XNU ,065;035, CONC, QMOO- 1320.....:;-;·:
SM,ON,OS ,;," ' MOO 1330,"~:

MOO 1340 ':;-,l
FLOW SAMPLED MOO 1350 1]

MOO 1360~i

MOO 1370 J
MOO 1380 ' .,\:;
MOD 1390': :',1

MOO 1itOO_~'j'
,MOD 1410~"~;2;

MOD 1420""<"'
MOO 1430 I
MOO 1440 I

MOD 1450 '
MOD 1460
MOD 1470
MOO 1480
MOO 1490
MOD 1500
MOO 1510
MOO 1520
MOO 1530
MOD 1540
MOD 1550
MOO lSt»O
MOD 1570
MOD 115dO
MOD 1590
MOD 1&00

1200. ~ PH1SHI~)/2. • Ol~) • • 1.5 • MOD 1&10
MOD 1620
MOO 1630
MOD 1640
MOD 1650
MOO 166tl
MOO 1670
MOO 1680
MOD 1690
MOO 1700
MOD 1710
MOO 1720
MOO 1730
MOD 1740
MOD 1750
MOD 1760
MOD 1770
MOO 1780
MOD 1790
MOD 1800
MOD 1810
MOD 1820
MOU It3J0
MOD 11340
MOO 1850
MOO 1860
MOL> 1870
MOD 1880
MOL> 1890
MOD 1900

CALCUL~lING ZP ANU VS ARHAYS TO 8E FED TO LEAST SQUARE SU~ROUTINE MOO 1910
LSlPVS MOO 1920

MOO 1930
MOD 1940
MOD 1950
MOD 1960
MOO 1910

1

1

100
110

120

130

150

140

C
C
C

C
C
C
C

C
C
C
C

C
C
C
C

C
C
C
C

C
C
C

I
I
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160 CONTINUE ------- -~---------------- - MOO 1980----
If IJOUT.EQ.2) GO TO 170 MOO 1990
WHITE 10,J10) MOO 2000
wRITE 10,330) MOO 2010
WtUTE 16,340) IJ,ZPIJ),VSIJ),J = N1,NK) MOO 20~0

110 CONTINU~ MOD 2030
CALL LSZPvS INl,NK,K,VS,lP'A,6~ MOD 2040
A = EXPIA) MOO 2050
00 IUD J = I,NO MOO 2060

XMULl IJ) = 0.0 MOO 2070
lPIJ) = A * VSIJ) * * B MOD 20bO

180 CONTINU~ MOO 2090
C MOO 2100
C CALCULATING SEDIMENT LOAD BY USING MODIFIED EINSTEINS INTEGRAL MOO 2110
C CHARTS 9,10,11 AND 12 MOO 2120
C MOD 2130

190 CONTINUE .MOO 2140
If IJOur.fQ.2) GO TO 210 MOD 2150
If IK.LT.J) GO TO 200 MOO 2100
WRIT~ 16,J20) MOO 2170

200 CONTINUE MOO 2160
IF IJour .l:::Q.2) GO TO 210 MOO 2190
wRITE Ib,J30) MOO 2200
W~ITE 10,340) lJ,ZPlJ),V51J),J = 1,NOl MOO 2210

210 CONTINUE MOO 2220
TQL = 0 MOO 2230
TBL = 0 MOO 2240
00 250 1 = I,ND MOO 22~0

XM = APPlI) MOO 2260
ZM = ZPII) MOO 2270
IF IfBIIl.LT.O.OI.AND.FSII).LT.0.01) GO TO 230 MOO 2280
If IfBIU.LT.O.Oll GO TO ao MOO 2C90
CALL PUWER IZM,XM,COL21lI),COL221I),OUMl,OUM2,0.01) MOO 2300
CDL231!) = P * COL21II) + COL22Il) + 1. MOO 2310
FULlI) = XlBQBIIl * COL23I() MOO 2320
COLlol11 = O. MOO 2330
COLllIll = O. MOO 2340
COLlbll) = O. MOO 2350
COL191Il = O. MOD 2360
COL20lll = O. MOO 2370
GO TO 240 MOD 2380

220 CONT INUE MOO 2390
CALL POWER IZM,AP,DUMl,DUM2sCOLI6IIl,COL17II),0.01) MOD 2400
CALL PUWER IZM,XM,OUM3,DUM4,COLI8II),COLI9Ill,0.01) MOD 2410
COL20lU = IP * COLl81Il + COLI91l)l/IP * COUell) + COL17IIMOO 2420

1 ) ) MOO 2430
fl.lL, I II = QSP I I) * COL20 (II MOD 2440
COL2l III = 0. MOO 2450
COL2(:: I !) = o. MOD 2460
COL23(1) = O. MOO 2410
GO TU l40 MOO 2480

230 CONT INUE MOO 2490
fQLlll = 0.0 MOO 2500
COLl e I I) = 0. MOL} 2510
COLll I I l = o. MOO 2520
COLlti(l) = O. MOO ~530

COLl~ll) = O. MOO 2540
COL20 I II = O. MOO ~5~0

COL21(l) = O. MOD 2560
CUL2~III = O. MOO 2570
CUL2JIl) = O. MOO 2580

240 CONT INUE MOO 2590
TQL = TQL + Fc.lL I 1) MOO 2000
TtiL = reL + X18QdlIl MOO 2610

250 CONTINUE MOD 2620
TSL = TuL - TSL MOO 2630
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~~~o I2660
2670
2680
2690

I2700
2710
2720
2730
2740 I2750
2760
2770
2780

I2790
2800
2810
2820
2830 I2840
2850
2860
ZIHO

I2880
2890
2900
2910
2920

I2930
2940
2950
2960

I2970
2980
2990
3000
03010

I3020
3030
3040
3050
3060 I3070
3080
3090
3100

I3110
3120
3130
3140
3150 I3160
3170
3180
3190

I3200
3210
JCi!O
3230
3240 I3C50
3260
3270
3280

I3290

I
I
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C PRINilNG OUTPUT M4D
C MOD

WRITE 10,390) MOO
IF lJOUT.EQ.2) GO TO 260 MOD
WRIT~ 16,400) MOD
WRITE 10.410) lJ,OIJ),PSIlJ),PHISHlJ).f81J),XIBQBlJ),FSIJ),QSPlMOO

1 J).xMULTlJ),ZPlJ),APPlJ),J = 1,NU) MOD
wRITE 10,420) MOD
WRITE 10,430) lJ,DlJ),COL161J),COL171J).COL181J),COL191J),COL20MOO

1 lJ),COL211J),COL221J),COL23IJ),FQLlJ),J = 1,NO) MOO
~O TO 270 MOD

260 CO~TINUE MOD
WRITE 16,440) MOO
WRITE 16,450) IORLlJ),ORUlJ),OIJ).FBIJ),XIBUBlJ),FSlJ),FQLlJ),JMOU

1 = 1,ND) MOO
270 CONTINUE MOD

WRITE 10,460) TBL,TSL,TQL MOO
280 CONTINUE MOO

C MOO
C FORMAT STATEMENTS MOD
C MOO

S TOP MOO
C MOO
C MOO
C MOO

290 FORMAT 111,10X,75H CONVERGENCE Of SUBROUTINE ZPCOM IS CHECKED BY PMOO
lRlNTING OUT VALUES INVOLVED,II) MOO

300 FOHMA T 115) MOD
310 FORMAT 111,10X,41H ARRAYS ZP AND VS BEFORE LEAST SQUARE FIT,/) MOD
320 fORMAT 111,lOX,40H ARRAYS ZP AND VS AFTER LEAST SQUARE FIT,/)· MOO
330 fORMAT 111,10X,35H J Z~IJ) VSlJ),/) MOO
340 fOHMAT 110X.I12.2F12.6) MOO
350 fORMA T llHll MOO
360 FORMAT 140X.70HCOMPUTATION OF TUTAL SEDIMENT LOAD BY. THE MODIFIED MOO

1 I:.INSTEIN PRUCEDURE,III) MOO
370 fOHMAf 132X,10HDATA INPUT.II) MOD
380 FORMAT 110x,4HSET .I5,/I0X.34HWATER DISCHARGE .FMOD

112.2,13H C.F.S. ./I0x.34HAVERAGE VELOCITY ,FMOQ
212.2,13H FT./SEC. ,/IOX,34HHYDRAULIC DEPTH ,FMOO
312.2,13H fT. ./IOX.34HWATER SuRFACE WIDTH ,FMOD
412.2,13H FT. ,/IOX.34HAREA ,FMOD
SI2.2.13H SU.FT. ,/IOX,J4HTEMPERATURE ,FMOO
612.2,13H DEG.FAHREN. ,/I0X,34HKINEMATIC VISCOSITY ,FMOO
712.7,13H SU.FT./SEC. ,/IOx.34HObS ,FMOD
81c.b.13H FT. ,/IOX.34HDJ5 ,fMOO
91~.o,13H Fr. ,/IUX,34HAvtRAGE CONCENTRATION ,fMOO
Ol~.2,13H PPM. ,/IUX,3.HSAMPLED SUSPENDED LOAD ,fMOD
11~.4,13H TON~/OAY ,/IUX,3~HpORTION OF DEPTH NOT SAMP~ED ,FMOD
212.2,13H ~l. ,/IOX.34HAVERAGE DEPTH AT SAMPLING ,FMOD
31~.2,4H FT.) MOO

390 fURMAT III) MOD
400 FORMAT ISX,lHJ,11X,4HDlJ).7X.6HPSIlJ).5X.8HPHISHlj),7X,5HfBlJ),4X,MOD

18HXIBUBlJ).7X.5HFSlJ).6X.6HQSP(J),4X,~HXMULTlJ),7X.5HZPlJ),5X,6HAPMOD
2PlJ)/) MOD

410 fOHMAT 14X,12,4X,fI2.6,flZ.3,f12.S,6F12.3.f12.6) MOD
420 FORMAT IIISX,IHJ,IIX,4HDlJ),6X.~HCOL161J),4X,~HCOL171J),4X,8HCOL18MOO

11J),4X.8HCOLI91J),4X,8HCOL201J),4X,8HCOL211J),4X.8HCOL221J),4X,8HCMOD
20Lc31J) ,4X.9HCOMP.LOAU/l MOD

430 fO~MAT 14X,I2,4X,fI2.6,8F12.3'F12.4) MOD
440 fORMA 1 110x.84H DRL lJ) DRU lJ) 0 (J) FB lJ) MOD

1 XIBQB lJ) FS lJ) . fQL lJ) tI) MOO
450 FUHMAT 110X'bF12.6.Fl2~3) MOO
460 FU~MAT (/1I,~X,34HTOTAL BED LOAD ,F16.1,9H TUNSMOD

l/UAY,/5X,34H10TAL SUSPENDED LOAD: ,F16.1,9H TONS/DAY,/MOO
2S,\,34HTOTAL LOAD ,F16.1,9H TONS/DAY) MOD
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THIS SUBROUTINE READS IN ADDITIONAL INPUT AND FINDS THE VALUE OF
NO, THE NVMtk.R OF SIZE FRACIIONS TO BE USED IN THE COMPuTATION

ENO -- - ----

SU~ROUTINE INPUTI

THIS SUBROUTINE READS IN THE BASIC VARIABLES OF THE PROBLEM

---MOO -3300------
MOO 3310
MOD 3320
MOO 3330
MOD 33'+0
MOO 3350
MOO 3300
MOO 3370
MOO 3380
MOO 3390
MOD 3400
MOO 3410

MOO 3420
MOO 3430
MOO 3440
MOO 3450
MOO 3460
MOD 3470
MOO 3480
MOO 3490
MOD 3500
MOO 3510
MOO 3520
MOD 3530
MOO 3540
MOD 3550
MOD 3560
MOO 35"0
MOO 3580
MOO 3590
MOO 3600
MOD 3010
MOO 3620
MOO 3&30
MOD 3640
MOO 3650
MOD 3660
MOO 3610
MOO 3680
MOD 3690
MOO 3100
MOO 3710
MOO 3720
MOD 3"f30
MOO 3740
MOO 3750
MOO 3760
MOO 3770
MOD 31BO
MOO 3790
MOO 3800
MOD 3BI0
MOO 3820
MOO 3830
MOO 3840
MOD 3850
~100 3860
MOD 3870

tI MOO 3880
MOO 3890
MOO 3900
MOD 3910
MOO 3920
MOO 3930
MOD 3940
MOO 3950

, DEPTH
, XNU
, QSM

, DEPTH
, XNU
, QSM

, FB I 10)
, JOUT

tI 3. + 36. tI XNU tI

, UAvE
, TEMP
, CONC

, VS ( 11>
JIN
N02
DHU (Ill

, UAVE
, TEMP

., CONe

DISCH
AREA
035
OS
DIll)
XMULT I 10)
NUl
DRL I 11)

COMMON IA~LI DISCH
1 W AREA
2 065 035
3 ON , OS

READ (5,100) UAVE,OEPTH,W,TEMP,XNU,D65,035,CONC,ON,OS
AHt.A :: DEPTH tI 'II
DISCH :: UAvE tI AREA
QSM :: DISCH tI CONC tI .OOZ.,
RUURN

100 FORMAT (BF10.0)
ENO

SU~ROUTINE I~PUT2

COMMON IALLI
1 w
2 065
3 DN

COMMON IALLBI
1 FS I 10)
2 NO

COMMON IALLEI
DI1LIl) :: .002
okL(Z) :: .0156
oRL,"~) :: .002
0~L(4) :: .0625
DI1L (-51 :: .12:'
DtlL (0) :: .25
ORL (,7) :: .5
DHL(8) = 1.
DHL(9) :: Z.
DRL I 10) :: 4.
DRL (111 :: tl.
UtlUIl) :: .01:'6
DRUI21 :: .0625
DHU(3) :: .0625
DHU (4) :: .12::1
DHUI:» :: ~25

OHU(e) :: .tl
OtlU(71 :: 1.
DkU (t!) :: 2.
OHU(~I :: 4.
DHUnO) :: tl.
OHtJ(ll) :: 16.
READ 15,lBO) JIN,JOUT
IF IJIN.E::Q.31 GO TO 150
00 100 J = I,ll

DIJI :: IOHLIJI tI DRUIJI) tI * 0.5/304.8
V5IJ) :: 112./3. * ~2.17 * 1.65 * DIJI tI

1 2.) tI tI 0.5 - 6. *Xi\lU)/oIJ)
100 CONTINUE

NOl.;: 10
NUZ :: 9
If' IJIN.EQ.2) GO TO 1Z0
00 110 J = 3,NOl

D(J) a DIJ + 1)

c
C
C

c
C
C

c
c
c
c

I

I

I
I

I

I

I
I
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I
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DEPTH
XNU

, QSM

, DEPTH
, XNU

ltNO)

------ -------- ------------ 1'100- ~J960-

MOD 3970
MOO 3980
MOO 3990
MOO 'tOOO
MOO 4010
MOO 4020
MOD 't030
MOD 4040
MOD 4050
MOO 't060
MOO 4070
MOD 't080
MOD 4090
MOD 'tl00
MOO 't110
MOO 4120

* 3. + 36. * XNU.' * MOO 4130
MOO 4140
MOO 4150
MOO 't160
MOO 4170
MOO 4180
MOD 4190
MOD 4200
MOD 4210
MOO 4220
MOD 4230
MOO 4240
MOD 4250
MOD 4260
MOD 4270
MOD 4280
MOO 4290
MOO 4300
MOO 4310
MOO 4320
MOO 4330
MOO 4340
MOD 4350
MOD 't360
MOO 4370
MOO 4380
MOD 4390
MOO 't400
MOO 4410
MOO 4420
,",DO 4430
,",DO 4440
MOO 4450
MOO 4460
MOO 4470
MOO 4480
MOO 4490
'"'DO 4500
MOD 4510
MOO 4520
MOO 4530
MOO 4!:l40
MOO 4550
MOO 4560
MOO 4570
MOO 4!)80
MOD 4590
MOD 4e.OO

, UAVE
, TEMP
, CONC

, UAvE
, TE.MP

DISCH
AREA
035
OS

DISlH
, AHEA

(X,RS)

/ALLI
W
065
ON

(2!l)
(2FI0.0)
(11)
(4FlO.0)

THIS SUeROUTINE COMPUTES THE VALUE OF RS BY ITERATION

FORMAT
FORMAT
FORMAT
FORMAT
END
SU~ROUTINE RSCOM

TMIS SUdROUTINE SUBSTITUTES PLATE FOUR FOR THE ANALYTICAL,
E~PRESSION Of PFS

EI~O

SueROUTINE PLATE4 (X,PFS,XKS)

CU"U'\IN /ALL/
1 .-'" "

COMMON
1
2
3

)( = 1.6
TOl = 0.001
XKS :: 065
XUKS :: 12.27 * X * DEPTH/XKS
SHRS = UAVE/132.63 * ALOG10(XOKS))
USHP = SRRS * 5.68
DEL:: 11.6 * XNU/USHP
OELKS :: XKS/UEl
CALL PLATE3 IOELKS,X2)
DE-lX :: X - X2
IF (ABS(OELX).LT.TOL) GO TO 110
X :: X2
GO TO 100
CiJNTlNUE
XUKS = 12.27 * X * DEPTH/XKS
SHRS = UAVE/(32.63 * ALOr.10(XUKS))
R5 = SRRS * SRRS
RETURN

120

110

130

140

150

,/51..1) = V::i(..I-.-1)- ------
CONTINUE
NU :I NOI
GO TO 140
DO 130 J = 1,N02

DlJ) = DlJ • 2)
VSlJ) = V~IJ • 2)

CONTINUE
NO = NU2
CONTINUE
READ (5,190) (FB (J) ,FS (J) ,J = 1,NO)
GO TO 170 -
CONTINUE
READ (5,200) ND
READ (5,210) IORL(J),DRU(J),FB(J),FS(J),J =
DO 160 J = 1,ND

DlJ) = IDHU(J) * ORL(J)) * ~ 0.~/304.a

VSlJ) = 112./3. * 32.17 * 1.65 * D(J) *
1 2.) * *0.5 - 6. * XNU)/D(J)

160 CONTINUE
170 CONTINUE

RETURN

110

180
190
200
210

100

C
C
C

C
C
C

C

C
C
C
C

I
I
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THIS SUBROUTINE COUNTS THE NUMBER OF SIZE FRACTIONS K FOR WHICH
THERE IS BOTH BED AND SUSPENDED DISCHARGE, AND THE NUMBER OF SIZE
FRACTIONS N SMALLER THAN FIRST K.

TMIS SU~ROUTINE CALCULATES THE MULTIPLIERS XMULTIJI

END
SUBROUTINE LSZPVS INl,NK,K,X,Y,A,B)

THIS SUBROUTINE CALCULATES A LEAST SQUARE FIT FOR ZPRIME ZPIK)
VSIK)

4610
4620
4630
4640
4650
46bO
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4HO
47~O

4790
4600
4810
4820
4830
4840
48!:lO
4BbO
48-'0
4880
4890
4900
4910
4920
4930
4940
4950
4960
4970
4980
4990
5000
5010
5020
5030
5040
~050

5060
5070
5080
5090
5100
5ilO
5120
5130
5140
5150
5160
5HO
5180
5190
5200
5210
5220
5230
5240
5250
5260
SeTO

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

ANDMOO
MOO
MOD
MOD
MOO
MOD
MOD
MOO
MOO
MOO
MOO
MOO
MOD
MOO
MOD
MOO
MOO
MOD
MOO
MOO
MOD
MOO
MOD
MOU
MOO
MOO
MOD
MOD
MOO

,,

, QSM

, FBIlO)
, ..JOUT

, CONC

- SUMX if SUMX/K)

, VS (111
, ..JIN
, N02

, Y(10)

+ 1l.GT.0.00) GO TO 120

035
OS

o I III
XMUL T I 10)
N01

x(11)

X/XKS
ALOGIA • OS) - OS
ALOGIA • ON) - DN
- YDN)/YOS

IALLS/
FS I 10)
NO

END
SUBROUTINE SOR IN,K)

2 06!;)
3 ON

XKS = 065
A = ;30.2 •
YOS ;, as •
YUN = ON •
PFS = IYDS
RETURN

DIMENSION
SUMX = o.
SUMY = O.
SUMXY = O.
SUMX2 = o.
00 100 J = N1,NK

XL = ALUGIX(J»
SU~'X =' SUMX + AL
YL = ALOGIY(J)
SUMY = SUMY + YL
XY = XL if YL
SUMXY = SUMXY + XY
X2 = XL if XL
SUMX2 = SUMX2 + X2

CONTINUE
XMEAN = SUMXlK
YMt.AN = SUMY/K
H = ISUMXY - SUMX if SUMY/K)/ISUMX2
A = YMEAN - ~ * XMEAN
RETURN

ENO
SUtiROUTINE MULCOM IK,Nl,NK,KK)

COMMON
1
2

J = 0
K = 0
N = 0
CONTINUE
If IF~IJ + l).GT.O.OO.AND.FSIJ
If IK.NE.O) GO TO 110
N = N + 1
J = J + 1
IF IJ.EQ.ND) RETURN
GO TO 100
CONTINUE
K = K + 1
J = J + 1
It' IJ.EQ.NU) RETURN
GU TO 100

100

110

120

100

c

c
c
c
c
C

c

c
c
C
c

c

c
c
C

I
I

I

I

I

I

I

I

I
I

I
I
I

I

I
I

I
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THIS SUBROUTINE APPROXIMATES PLATE 8 BY A LINE IN LOG-LOG PAPER

THIS SUBROUTINE COMPUTES ZPRIME ZP BY ITERATION
FIRST, ATRIAL VALUE OF ZP IS CALCULATED, AND THEN, WITH A,~OTHER

TRIAL, A LINEAR INTERPOLATION IS MADE. CONVERGENCE IS VERY FAST.

170 FORMAT 110X,97H~ECAUSE NO SIZE FRACTION CONTAINS
1ENOED DISCHARGE, THE COMPUTATIONS ARE ABORTED.)

END
SUBROUTINE PLATE8 IX,Y)

I

I

I

I

I

I

I
I

I

I
I

I

I

I

I

1401) - 5281>- ;;.
MOD 5290
MOD 5300
MOO 5310
MOD 5320
MOD 5330
MOO 5340
MOO 5350
MOO 5360
MOD 5370
MOD 5380
MOD 5390
MOD 5400
Mpo 5410
MOO 5420
MOD 5430
MOD 5440
MOD 5450
MOD 5460
MOD 5470
MOO 5480
MOD 5490
MOD 5500
MOO 5510
MOD 5520
MOD 5530
MOO 5540

SU5PMOO 5550
MOD 5560
MOO 5570
MOD 5580
l'10o 5590
MOO 5600
MOD 5610
MOD 5620
MOD 5630
MOO 5640
MOO 5650
MOO 5660
MOD 5670
MOO 5660
MOD 5690
MOD 5700
MOD 5710
MOD 5720
MOD 5730
MOD 5740
MOD 5750
MOO 5760
MOD 5770
MOD 5780
MOD 5190
MOD 5800
MOD 5810
MOD 5820
MOO 5830
MOD 5840
MOO 5850
MOD !::iSbO
MOO 5870
MOO 5880
MOO 5890
MOO 5900
MOD 5910
MOD 5920
MOO 593D_

FB( 10)
JOUT

FQL 110)
APP 110)

BOTH [jED AND

'IS 1111
JIN
N02

, XlSQB(10)
, AP

. - ; 'ISH U- --j . FB 11 0 t- ..-----',...
, JIN , JOUT ,
, No2

0.(11)
XMULT(10)
Nul
585(9)

01111
XMUL TIl 0)
N01
QSP 110)
P

Y = - 0.33 * ALOGI0IX) + 1.08
RETURN

END
SUBROUTINE ZPCOM IJ,IDZ)

COMMON IALLBI
1 FSIIO)
2 NO

COMMON IALLCI
COMMON IALLDI

1 ZP(10)
XM = APPIJ)
R~SP = ySPIJ)/XIBQBIJ)
If IRl,lSP.l T.1873.) GO TO 100
IOZ = 1
WKI TE (6, ISO)
RETURN
CALL PLATE& IRQSP,ZTRY)
Sl£P = 0.01
wRI TE 16,160)
KOUNT = 0
CUNTINUE
~OUNT = KOUNr + 1
IF IKOUNT.GT.I0) GO TO 130
CALL POwER IlTRY,XM,XIIPP,OUMl,XJ1PP,DUM2,0.Ol)
CALL POwER ILTkY,AP,DuM3,DUM4'XJIP,XJ~P,O.Ol)

Co.lUSP .=_>\.l.!~",_/_x"J~1>1> .. II> .. X.J_lp • X.J2''' _

110

100

. COMMON I ALLB/-·-·-" - ~
1 FS (Ill)
2 NO

DIMENSION
If; (K.EQ.O) GO TO 150
If (K.EQ.2) GO TO 100
Kr< = N1
GO TO 130

100 CONTINUE
DO 110 J = Nl,NK

SBS (J) = FB (J) + FS IJ)
110 CONTINUE

IF (SBSINl).GT.5B5INIO) GO TO 120
KK = NK
GI) TO 130

.120 Kr< = Nl
130 CUNTINUE

00 140 J = 1,No
XMULl IJ) = IvS(J)/VSIKK» * * 0.7

140 CONTINUE
GO TO 160

150 wRITE 16,170)
160 CONTINUE

RETURN
c
c
c

c
c
c

c

c
c
c
c
c

I
I
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5940----
5950
5960
5970
5980
5990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170
6180
6190
6200
6210
6220
6230
6240
6250
6200
6270
6280
6290
6300
6310
6320
6330
6340
6350
6360
6370
6380
6390
6400
6410
6420
6430
6440
6450
6400
6470
6480
6490
6500
6510
6520
6530
6540
6550
6560
6570
6580
6590

-
O~~~ = C~QSP-·~~SP--

IF (JUUT.EQ.2l GO TO 120
WHITE (6,1~0) KOUNT,lTRY,RQSP'CRQSP,OCRQ
CONTINUE
TUL = 0.01 * RQSP
IF (ABS(OCHQ).LT.TOLl GO TO 140
If (CRQSP.LT.RQSP) lTRYI = ZTRy - STEP
If (CRQSP.6T.RQSP) lTRYI = ZTRy + STEP
CALL PO~ER (ZTRY1,XM,XI1PP,OUMl,XJ1PP,OUM2,0.0Il
CALL POwER (ZTRY1,AP,DUM3,OUM4,XJJP,XJ2P,0.0Il
CHUSP1 = XIIPP/XJ1PP * (P * XJ1P + XJ2P)
TEMP = (RQS? - CRQSPl * STEP/(CRQSP1 - eRQSP)
IF (CRQSP.LT.RQSPI ZTRY = ZTRY - TfMP
IF (CHQSP.GT.RQSP) lTRY = Z1RY + TEMP
GO TO 110
CONTINUE
WtUTE (0,170)
CONTINUE:
ZP(J) = ZTRY
RETURN

THIS SUBROUTINE APP~OXIMATES PLATE 3 BY A SERIES OF EQUATIONS

IF (X.LE.0.40) GO TO 100
GO TO 110
Y = 1.769 * ALOGI0(X/0.080l
GO TO 200
If (X.GT.0.40.AND.X.LE.0.56) GO TO 120
GO TO 130
Y = 1.495 * ALOGI0(X/O.059l
GO TO 260
IF (x.GT.0.50.ANO.X.LE.0.76) GO TO 140
GO TO 150
Y = 0.92 * ALOGI0(X/0.0145)
GO TO 260
IF tX.GT.0.76.ANO.X.LE.0.96) GO TO 160
GO TO 170,
Y = 0.292 * ALOGI0(X/2.9E - 06)
GO TO 260
IF (X.GT.O.96.ANO.X.LE.l.3S) GO TO 180
GO TO 190
Y = 0.277 * ALOG10(632000.0/Xl
GO TO 260
IF (X.GT.l.35.ANO.X.LE.3.00l GO TO 200
GO TO 210
Y = 1.115 * ALOGI0(34.4/X)
GO 10 200
IF (X.GT.3.00.AND.X.LE.4.00) GO TO 220
GO TO 230
Y = 0.725 * ALOG10(128~~/Xl
GO TO 260
If (X.GT.4.00.ANO.X.LE'.6.70l GO TO 240
GO TO 250
y = 0.3~9 * ALOGI0(2160.0/X)
GO TO 260

120

130

140

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

150 FORMAT (///,10X,88HRQSP OUT OF PERMISSIBLE RANGE IN THIS, SET OF DAMOO
ITA.CALCULATIONS FOR THIS SET AR~ ABORTED.) MOO

160 fORMAT (//,20X,5HITER.,5X,5HllRY ,6X.~HRQSP,8X,5HCRQSP,7X,4HDCRQ)MOO
170 fORMAT (/10X,76HlPCOM DOES NOT CONVERGE WITH 10 ITERATIONS, LAST VMOO

lALUE OF ZP(J) WILL BE USED,/) MOD
180 FOHMAT (1l0Xtl12,4FI2.5) MOO

END MOO
SUfJROUTINE PLATE3 (X,Yl MOO

MOO
MOO
MOO
MOU
MOU
MOO
MOO
MOO
MOD
MOO
MOD
MOO
MOD
MOO
MOO
MOO
MOO
MOD
MOD
MOD
MOO
MOD
MOD
MOO
MOO
MOO
MOD
MOO
MOO
MOO
MOD
MOO
MOD
MOO
MOO

110

100

120

130

170

160

150

240

190

230

180

200

220

210

c
c
C

c
c
c

I

I
I

I

I

I

I
I
I
I
I
I

I

I
I

I
I
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250 IF IX.GT.6.70) Y = 1.0 - - --.
260 1<£ TURN

END
SUbROUTINE PLATES (X,V)

THIS SUBROUTINE APPROXIMATES PLATE 5 BY A SERIES OF EQUATIONS

IF IX.LT •• 4) V = 8.106078 * X * * I - 0.989002)
IF (X.LE.l •• AND.x.G£ •• 4) V = 7.413444 * X * • ( - 1.067367)
IF IX.LT.2 •• ANO.X.GT.l.) V = 7.512081 • X * * ( - 1.182832)
IF IX.LE.3 •• ANO.X.GE.2.) Y = 9.151968 • X * • ( - 1.472483)
IF IX.LT.5 •• AND.x.GT.3.) Y = 16.025332 • X. * ( - 1.972806)
IF IX.LE.7 •• ANO.X.GE.5.) Y = 41.421873 * X * • I - 2.578713)
IF IX.LT.10 •• ANO~X.GT.7.) Y = 130.2209 * X * * ( - 3.165102)
IF (X.L£.13 •• AND.X.GE.I0.) Y = 584.560594 * X. * ( - 3.818249)
IF (X.LT.17 •• ANO.X.GT.13.) Y = 3543.989886 * X * * ( - 4.522935)
IF (X.LE.20 •• AND.X.G£.17.) Y = 1690645.945 * X * * ( - 6.103904)
IF IX.LT.23 •• AND.X.GT.20.) Y =5188257832. * X * * ( - 9.381815)
If IX.GE.23.) Y = 3.134987996E15 * X * * ( - 13.597547)
RE1URN

EN!)
SUdROUTINE POwER (Z,A,XI1,XI2'XJ1,XJ2,CON~)

THIS SUBROUTINE E~ALUATES 11 12 J1 AND J2 INTEGRALS
NOTATIoNS
XII = ~ALUE OF II INTEG~AL

XI2 = ~ALUE OF 12 INTEGRAL
XJl = VALUE 0F Jl INTEGRAL
XJ2 = VALUE OF J2 INTEGRAL
N = ORDER OF APPROXIMATION + 1
CONV = CONVERGENCE CRITERION

N = 1
fACT = 0.216 * A ~ * IZ - 1.l/11. - A) * * Z
XII = o.
Xl2 = o.
X.Jl =o.
XJ2 = o.
ALG = ALOGIA)
C = 1.
o = - Z
E = 0 + 1.
FN = 1.
AEX = A * * E
GO TO 11 0

100 N = N + 1
C = C * O/FN
o = E
E = 0 + 1.
FN = FLOATIN)
AEX = A * .. E

110 If (A8SIE).LE.0.OOl) GO TO 120
XJ1 = XJ1 + C .. II. - AEX)/E
XJ2 = XJ2 + C • «AEX - 1.)/E * .. 2 - AEX * ALGIE)
GO TO 130

120 XJl = XJl - C * ALG
X.J2 = XJ2 - 0.5 * C * ALG * * 2

130 If IN.EU.l) GO TO 140
CJl = AbSll. - FJI/X.Jl)
CJ2 = AbS(l. - fJ2/XJ2)
If (CJl.LE.CONV.ANO.CJ2.LE.CONV) GO TO ISO

140 F.J1 = XJl
F.J2 = XJ2
GO TO 100

150 XII = FACT * X.Jl
X12 = FACT" XJ2
RETURN

EI~D

MOO 66UO---- 
MOD 6610
MOO 6620
MOO 6630
MOO 6640
MOO 6650
MOD 6660
MOD 6670
MOO 6680
MOO 6690
MOO 6100
MOD 6110
MOD 6720
MOD 6730
MOD 6140
MOO 6750
MOO 6760
MOO 6770
MOD 6780
MOO 6790
MOO 6800
MOD 6810
MOD 6820
MOD 6830
MOD 6840
MOO 6850
MOD 6860
MOO 6670
MOO 6880
MOD 6890
MOO 6900
MOO 6910
MOO 6920
MOO 6930
MOD 6940
MOO 6950
MOO 6960
MOO 6970
MOO 6980
MOD 6990
MOD 1000
MOO 7010
MOD 7020
MOO 7030
MOO 7040
MOD 7050
MOD 1060
MOO 7070
MOO 7080
MOD 7090
MOD 1100
MOD 1110
MOD 7120
MOD 1130
MOO 1140
MOO 7150
MOD 7160
MOO 7170
MOO 7180
MOD 7190
MOD 1200
MOD 7210
MOO 7220
MOO 7230
MOD 7240
MOO 7250
MOD 7260
MOD 7210
MOD 1280
MOD 7290
MOO 7300
MOO 7310

I
I
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THE fIRST CAHD IS TO BE FOLLOWED BY THE NDATA SETS OF I~PUT

DATA, EACH UNE CONSISTING OF THE FOLLOWING. IN THE ORDER SHOWN
IUHDER IS THE SAME AS THAT USEn IN REFEHENCE ~)

FT.
PPM.
FT.
FT.

FT.

035
CONC
ON
DS

065

TO BE ENTERED IN FREE FORMAT
VARIAALES. FORTRAN NAME AND UNITS.

UAVE FT./SEC.
DEPTH Fl.
W FT.
TEMP DEG.FARENH.
XNU SQ.FT./S~C.

APPROXIMATELy I SEC.

COLURADO STATE UNIVERSITY ENGINEERING RESEARCH
CENTEH. FORT COLLINS, COLORADO. 80523.
COMPUTATION Of TOTAL SEDiMENT DISCHARGE BY
THE MODIFIED EINSTEIN PROCEDURE,
U.S. BUREAU OF RECLAMATION PUBLICATION
STEP METHOD FOR COMPUTING TOTAL SEDIMENT
BY THE MODIFIED EINSTEIN PRUCEDURE, JuLY
IREVISED) AND ADDENDUM COMPuTATION OF l
IN THE MODIFIED EINSTEIN PROCEDURE, JuNE
CDC 6400 SCOpE 3.3 SYSTEM UtFAULT VALuE,
43000 OCTAL.
APPROXIMATELy 8 SEC.

REFERENCES

CORE USAGE

II GENERAL DATA, 10 VARIABLES
FOLLOwING IS A LIST OF THE
AVERAGE Vt::lOCITY
HYORAULIC DEPTH
WATER SURfACE wIDTH
TEMPERAIURE
KINEMATIC VISCOSITY
65 PERCENT FINER DIAMETER

FOK tlEO-,"1ATERIAL
35 PERCENf FINER DIAMETER

FOk 8ED-MAfERIAL
AVERAGE CONCENTRATION
PORTION OF DEPTH NOT SAMPLED
AVERAGE DEPTH OF SAMPLING

COI'1PILATION nME
CENTRAL PRUCESSOR
TiME FOR ONE
SET OF DATA

DEVELOPED

PURPOSE

INPUT AND OUTPUT DESCRIPTION

MODIOOI0
MODI0020
MODI0030
MODI0040
MODIOOSO

. MODI0060
MOOI0070
MODI0080
MODI0090

LOAD MODIOIOO
1955 MODI0110
FOR USEMODI0120
1966. MOOI0130

MOOI0140
MODIOI50
MODIOI60
MODIOl70
MODIOl80
MODIOl90
MODI0200
MOOI0210
MOOI0220
MODI0230

THE FIRST CAHD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN MODI0240
THE VALUE OF NOATA,IN FREE FORMAT. NOATA IS THE NUMBER OF SETS MODI02S0
OF INPUT DATA TO 8E FED TU THE COMPUTER Al A TIME. A SET OF INPUTMODI0260
DATA CONSI~TS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY MODI0270
A PRUdLEM. AS DETAILED 8ELOW. MODIOc80

MOOIO~'JO

MOOI0300
MOOI0310
MODI0320
MOOI0330
MODI0340
MODI0350
MOOI0360
MOOI0370
MODI03f:lO
MODI0390
MOOI0400
MODI0410
MOOI0420
MOOI0430
MODI0440
MODI04S0
MODI0460
MODI0470
MODI0480

2) INTEGER SELECTORS JIN AND JOUT. TO BE ENTERED tN FREE FORMAT MODI0490
JIN SELECTS TH~ NUM8ER AND RANGE IN THE COMPUTATIONAL· MOOI0500
SIZE FRACTIONS. ND IS THE NUMbER OF SIZE FRACTIONS. MOOI05IO
IF JIN=I' THE SILE FRAC110NS IN THE USbR PUBLICATION WILL BE MODI0520
USED. THE FIRST TwO SIZE FRACTIONS WILL ~£ USED AND fHE THIRD MDDI0530
D~LETED. HESULTING IN NO= 10 MODI0540
IF JIN=2. THE SIZE FRACTIUNs IN THE USSR PUBLICATION WILL BE MOOIOS50
USED. IN THIS CASE THE fIRST TWO SIZE FRACTIONS WILL BE DELETEOMODI0560
AND THE THIRD USED INSTEAD, HESULTING IN NO=9 MODI0570
IF JIN=3. THE USER. HAS THE OPTION OF S~ECIFYING THE NUMBER AND MOOI0580
RANGE Of COMPUTATlbNAL SIZE fRACTIUNS. IF THIS OPTION IS MOOI0590
CHOS£N, NU SHOULD ~E READ IN TH~ CARD IMMEDIATELY FOLLOWING, MODIObOO
IN FOHMAT 11. MOOI0610
JOuT SELECTS THE TYPE OF OUTPUT DESIRED. MODIOb20
IF JOUT:l. DUTPUf wILL CONSIST OF THE GENERAL DATA. CHECK ON MODIOb30
CONVERGENCE OF Z PRIME, AND fHE fINAL· RE5ULTS IN 20 COLUMNS, MODIOb40
AS fOLLOwS. MOOI0650

P~OG~AM MOOEINI
IllNPUT,OUTPUT,TAPE5=INPUT,TAPE6=OUTPUTI

Figure 3. Interactive listing, Program MODEIN.
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c
C 1) GEOMETRIC MEAN OIAMf:.Tf:Fh IN Fl. MOOIOb70
C 2) PSI 1010010680
C J) PHI SHEAR 1010010690
C 4) PERCENTAGE OF SED MATERIAL IN SIZE FRACTION 1010010700
C 5) !:lED L.OAD TRANSPORT, TONS/DAY 1010010710
C b) PERCENTAGE OF SUSPENDED LOAD IN SIZE FRACTION 1010010720
C 7) SAMPL.EUTRANSPORT IN SIZE fRACTIDN 1010010730
C 8) MUL. TlP!. IERS MOO 10740
C 9) Z PRIME VALUES 1010010750
C 10) A DOUt:lLE PRIME VALUES MOoI0760
C 11) <7EOMt:::1RIC Mt:AN DIAMETER, IN FT MOOI0770
C 1l) J OI~E PRIME 1010010780
C 13) J T~O PRIME. 1010010790
C 14) J ONE DOUBLE PRIME 1010010800
C 15) J TwO DOUt:lLE PRIME 1010010810
C 1b) PRODUCT 1>F JS 1010010820
C 17> I OI~E DOUBLE PRIME MODI0830
C 18) I T\~O DOUBLE PRIME 1010010840
C 19) PRODUCT OF IS 1010010850
C 20) COMPUTED LOAD, IN TONS/DAY 1010010860
C IF JOUT=2 IS SELECTED, MOST Of THE 20 COLUMNS WILL BE OMITTED 1010010870
C IN THE ~RINTOUT, AND INSTEAO ONLY COLUMNS 1,4,5,6 AND 20 WILL MOOI08dO
C BE PRINTED. ADDITIONALLY, DRLlJ) AND DRUlJ), LOwER AND UPPER 1010010890
C LIMITS OF THE SIZE FRACTION RANGE, IN MM, wILL 8E PRINTED TO MODI0900
C THE LEFT OF THE 5 COLUMNS PREVIOUSLY MENTIONED. 1010010910
C 1010010920
C 3) DATA ARRAYS. 1010010930
C IF JIN=l, THE PERCENT OF 8ED MATERIAL IN SIZE FRACTIONS FB(10),MODI09.0
C AND PERCENT OF SUSPENDED LOAD I~ SIZE FRACTIONS FSlIO) 1010010950
C SHOULD ~E ENTERED IN fREE FORMAT MODI09~0

C IF JIN=l. FB(9) AND FS(9) SHUULD 8E ENTERED IN FREE FORMAT 1010010970
C IF JIN=3, THE RANGE OF COMPUTATIONAL SIZE FRACTIONS SHOULD BE 1010010980
C SPECIFIED IN ADDITION TO THE PERCENTAGES FB AND FS. 1010010990
C IF THIS OPTION IS CHOSEN, ORLlND), ORUlNO), FRlND) AND FSlND) 1010011000
C SHOULD bE ENTERED IN FREE FORMAT MOOII010
C DRLlJ) AND ORUlJ) ARE THE LOwER AND UPPER LIMITS OF THE SIZE MOOII020
C FRACTION RANGE, IN MM, RESPECTIVELY. NOTE THAT SIZE FRACTIONS 1010011030
C SHOULD t:lE ENTERED IN ORDER OF INCREASING SIZE. MODII040
C MODI1050
C 1010011060

COMMON /ALL/ DISCH , UAVE , DEPTH MOOII070
1 w , AREA TeMP XNU MOOII080
2 065 , D35 CuNC QSM MODII090
3 UN , DS 1010011100
CO~MON /ALLB/ DIll) , VSlll) , FB(10) MOOII110

1 FSllO) XMULTllO) , JIN , JOUT MOOl1120
2 NO NOI , N02 1010011130

COMMON /ALLC/ QSPtlO), XI8QSllO) FQLlI0) MODI1l40
COMMON /ALLO/ P , AP APP(10) MODIl150

1 ZP (10) M00l1160
COMMON I ALLEI ORLl 11) , DRU tlll MOD 11110
COMMON /CEF/ CJO(2) , CJl(2) , CJ21Z) MODI1l80

1 CJ3(2) CJ(Z) , Cl(2) , C2(2) MOOIl190
2 C3(2) C41l) MOOI1200

DIMENSION COL161}O) COL17(10) , COL18(10) 1010011210
1 COLl9(10), COL20(IO) COL2l(10) , COL22(10) 1010011220
2 COL23(10), PSI (10) PlllSH(10) MODIl230

COMMON /RUNSt:::Q/ L MOD 11240
>'/HlTE (6,3tlO) MODI1250
wRITE 16,360) 1010011260
PRINT 290" MODIl270
READ *, NOATA MODIl2ijO
00 2ijO L. = ltNOATA 1010011290

IOZ = 0 1010011300
CALL INPUll 1010011310

I
I
I
I
I
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CALCULATING P, APRIME AP, AND A DOUBLE PRIME APP(JI

CALCULATING BED LOAD DISCHARGE XIBQB(JI AND P~RCENTAGE Of
S~SPENOEO MATERIAL IN VARIOUS SIZE FRACTIONS Q5P(J)

If K IS GREATER THAN 2, CONTROL BRANCHES TO STATEMENT 160
CALCULATIN~ MULTIPLIERS XMULT(J) , AND ZPRIME ZP(J)

I

CALCULATING ZP AND VS ARRAVS TO BE fED TO LEAST SQUARE SUBROUTINE
LSZPVS

100

QXKS = 30.2 * X * DEPTH/XKS
P :: 2.303 * ALOGI0(oXKSI
AP = ON/DS
DO 130 J = ltND

APP(JI :: 2 * o(JI/oEPTH
CONTINUl:.
CAL.L SoR (N,K)
Nl = N + 1
NK = N + K
WR ITE 0(6,300)

CONTINUE
00 160 J z N1,NK

CALL RSCOM (X,RS)
CALL PLATE4 (X,PfS,XKSI
QSPT = I.lSM .. PFS

IF (K.GT .21 GO TO 150
CALL MULCOM (K.Nl,NK,KK)
CALL ZPCOM (KK,IOZ)
IF (10Z .f.(,l.ll GO TO 280
DO 140 J = 1,"'0

ZP(J) :: ZP(KKl * XMULT(J)
CONTINUl:.
GO TO 190

DO 120 J :: ltND
XX = PSI(J)
CALL PLATES (XX,yy)
PHISH(J) :: Vy
XIBQd(,J) = 43.2 * W *
F8IJ)
QSP(J) = FS(J) * QSPT

CONTINUE

CALL INPUTZ
wHITE (b,J701
WHITE (693801
SM,ON,DS

00 110 J :: I,No
XPSI :: 1.65 * 035/RS
YPSI :: 0.66 * O(J)/RS
XVPSI = APSI - VPSI
IF I~YPS1.LT.O) Gu TO
PSI (,J) = XPSI
GO TO 110
PSI (.;1 = V"'SI

CONTINUE

CALCULATING PSI(JI

-1'10011320
1'10011330

L,0ISCH,UAVE'DEPTH,W,AREA,TEMP,XNU,D65,035,CONC,QMOOll340
MOo11350
1-10011360

CALCULATING HYDRAULIC RAoIUS*SLOPE RS, PERCENTAGE Of fLOW SAMPLED MOol1370
PFS, AND S~olMENT DISCHARGE THROUGH THE SAMPLED ZONE QSPT 1-10011380

MODI1390
MODI HOO
M00l1410
MOol1420
MOOl1430
MOOl1440
MOOI1450
MOOl1460
M0011410
MOOl1480
MOOI1490
M0011500
M0011510
M0011520
MOOl1530
MOol1540
MOol1550
M00l1560
MOOl1570
M0011580
MOOl1590
MOOI1600
MOol1610
M0011620

1200. * PHISH(J)/2. * D(J) * * 1.5 * MOo11630
MOol1640
MOoI1650
MODI1660
MOo11610
1'10011680
M0011690
MODll100
MOOll110
MOo11720
1'10011130
MOo11740
MOol1750
MOol1760
M00I1170
MOOl1780
MOol1190
MOOl1800
MODI lEHO
MOoI1820
MOo11830
MOo11840
M0011850
M0011860
M0011870
M0011880
M0011890
M0011900
M0011910
MOo11920
MoDI1930
M0011940
M0011950
M0011960
1'10011970

1

1

130

150

140

120

100
110

C
C
C
C

C
C
C
C

C
C
C

C
C
C
C

C
C
C

C
C
C
C

I
I

I
I

I

I
I

I
I

I

I

I
I
I

I

I
I
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._--_._ ..-c-~..,•.".;.;_ - -MOOf 1980"':f

MOO 11990 ;.;+?~.:.
M0012000 .~~

MOOl2010 ·>1
MOOl2020l

~~ggg:g .. j
MOOl2050 .~i

=~ggg~g ";.j
~gggg:g <1
MOOl21001
MOOI2110
MOOl2120
MOOl2130
MOOl2140
MOOl2150
MOOl2160
MODI2170
MOOl2180
MOOl2190

. MOOl2200
M0012210
M0012220 ..
MOOl2230
M0012240.
MOOl2250
MOOl2260
MOOl2270
MOOl2280
MOOl2290
MOOI~300

MOOl2310
MOOl2320
MOOl2330
MOOl2340
MOOl2350
MOOl2360
MOOl2370
MOOl2380
M0012390
MOOl2400
MOOl2410
MOOl2420
M0012430

COL1711MODI2440
MOOl2450
MOOIZ460
M00124/0
M0012480
M0012490
M0012500
M0012510
M0012520
M0012530
MOOI~540

M0012550
M0012560
M0012570
M0012580
M0012590
M0012600
M0012610
MOOJ2620
M0012630

IZ~,AP,OUMl,OUM2,COL16tI),COL17(I),0.01)

IZM,XM,DUM3,OUM4 ,COLI8(1),COLI9II),O.Ol)
IP * COLIStI) + COlI9tI»/IP * COL16(1) +

CONTINUE
IF IJOUT.EQ.2) GO TO 210
IF IK.L T.3) GO TO 200
WRITE 16,3Z0)
CONTINUE
IF IJOUT.EQ.Z) GO TO Z10
WRITE 16,330)
WRITE 16,340) IJ,ZPIJ),VSIJ),J = I,ND)
CONTINUE
TQL = 0
TSL = 0
DO 250 I = I,NO

XM = APP I 1)
ZM = ZP I 1)

IF IFBII).LT.O.OI.ANO.FS(ll.LT.O.Oll GO TO 230
IF IFBt!l.LT.O.Oll GO TO 220
CALL POWER IZM,XM,COL21III,COL2ZII),OUMl,OUMZ,O.01)
COL23111 = P * COl211I) + COL221J) + 1.
FQLIl) = XIBQBtI) * COl2]tI)
COLl61!) = o.
COLl1(1) = O.
COLll1lll = O.
COLl9 t II = O.
COL20 I 1) = o.
GO TO 240
CONTINUE
CALL POWER
CALL POWER
COLZutl) =
) )

FULIl) = QSPIII * COLZOII)
COL21111 = O.
COL22 I II = O•

.COL23 III = O.
GO TO 240
CUNTINUE
FQL I L) = 0.0
COLlol!) = O.
COLl7< 1) = O.
COllI; t 11 = O.
COL l'j I II = O.
CULZUI!) = O.
COL2It!) = o.
COL2c III = o.
COL231!) = O.
CONTINUE
T~L = TaL + FQLII)
TBL = T8L + Xl8QBII)

CALCULATING SEOIMENT LOAD BY USING MODIFIED EINSTEINS INTEGRAL_,
CHARTS 9,10,11 AND 12

220

230

240

C
C
C
C

'-'..~-4-- '-CALl-ZPCOM-t"';1:0Z)~~ ~~r"-'~-'---'----'-"_'-~'-- ----,,-
IF II0Z.EQ.l) GO TO 280

. CONT INUE "."
IF IJOUT.EQ.2)
WRITE 16,310)
WRITE 16,330
WRITE 16,340)
CONT INUE, '. , ...
CALL LSZPV~INl,NK,K,VS,ZP'A,B~
A = EXP (A) _._,.~,::~',.~

._ '.,"2'.'~"· ,';C••±" DO 180,)' = I, NO
XMULTIJ) = O.
ZPIJ) = A * V5IJ) *

CONT I NUE,i.,.:·

I
I
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I
TBl : TBl + XIBUB(I)

--CONTINUt::------- -
TSL : TQL - TBL

FORMAT STATEMENTS

P~INTING OUTPUT

STOP

1

1

260

250

1
270

MOOI2b30
-MOOI2bitO
MOOI2650
MOOI2660
MOOl2670
MOOI2680

wRITE 16.390) MOOI2690
IF (JOUT.fQ.2) GO TO 260 MOUI2/00
WRITE 10.400) MODI2710
wRITE (0.410) lJ.D(J),PSIIJI,PHISHIJ),FB(J),XIBQBIJ),FS(J),QSP(MOOI2720
J),XMULT(J).lPIJ).APP(J),J: 1,ND) MOOI2730
WRITE (b,~20) MOOI2740
WRITE (6,it30) lJ,OIJ),COL16(J),COL17(J).COLI81J),COLI9(J),COL20MODI2750
(J),COL21(J),COL221J),COL231J),FQL(J),J: I,NU) MOOl2760
GO TO 270 MODI2770
CONTINU~ MOUI2780
WRITE (0,440) MOUI2790
WRITE (6.450) lDRLlJ),DRUlJ),OIJ),FB(J),XIBQB(J),FSlJ),FQL(J),JMODI2BOO
= 1.NO) MODI2810

CONTINUE MOOI2820
WHITE 10,1+60) TBL, TSL, TQL MODI2830

280 CONTINUE MODI2840
MOOI2850
MODl2860
MODI2870
MODl2B80
MODl2890
MODI2900
MODl2910

290 FOHMAT (III, 33H START INPUT DATA IN FREE FDRMAT,II, 34H ENTER NUMODI29r.0
IM~ER OF DATA SETS, NOATA:) MODI2930

300 FURMAT 1II,IOX,75HCONV£RGENCE OF SUBROUTINE ZPCOM IS CrlECKED BY PMOOl29itO
IRINTING our VALUES INVOLVED,//) MODI2950

310 FORMAT (11,lOX.41H ARRAYS ZP AND VS AEFORf LEAST SQUARE FIT,/) MOOI2960
320 FORMAT (/I,lOX,40H ARRAYS ZP AND VS AFTeR LEAST SQUARE FIT,/) MOOl2970
330 FORMAT (1/,lUX,35H J lPlJ) VSlJ),/) MOOl2980
340 FORMAT 110X,II2,2FI2.6) MODI2990
350 FO~MAT lIHI) MOOI3000
360 FORMAT 140X,70HCOMPUTATION OF TOTAL SEOIM~Nl LOAD BY THE MODIFIED MOOl3010

1 U/IISTEIN PROCEDURE, II/) MOOI3020
370 FORMAT (32X.lOHOATA INPUT,II) MDDI3030
380 FuHMAT (lOX,4HSET ,I5,/I0X,34HW~TER DISCHARGE ,FMOOI3040

112.2,13H C.F.S. ,/10X,J4HAVERAGE VELOCITY ,FMOOI30S0
212.2,13H fT./SEC. ,/IOX,34HHfDRAULIC DEPTH ,FMOOI3060
31~.2,13H FT. ,/IOX,34HwATER SURfACE WIDTH ,FMOOI3070
412.2,13H FT. ,/IOX,34HA~EA ,FM0013080
512.2,13H SQ.fT. ,/lOX.34HTEMPERATURE ,FMOOl3090
612.2,13H OEG.FAHREN. ,/IOX,34HKINEMATIC VISCOSITY .FM0013100
712.7,13H sa.FT./SEC. ,/lOX,34H065 ,FMOOI3110
812.6,13rl FT. ./10X,34H035 ,FM0013120
912.6.13H FT. ,/IOX,34HAvERAGE CONCENTRATION ,FMOD13130
012.2,13H PPM. ./10X,34HSAMPLEO SUSPtNDED LOAD ,FMOD13140
112.4,13H TONS/DAY ./10X,34HpURTIUN OF DEPTH NOT SAHPLE~ ,FM0013150
212.2,13H FT. ,/IOX,34HAVERAGE DEPTH Ar SAMPLING ,FMOOI3160
312.2,4H FT.) M0013170

390 FORMAT (II) MD013180
400 FORMAT lSX,lHJ,11x.4HOlJ),7X,oHf'SI(J),SX,8HPHISHlJ),7X,5HFBlJ),4X,MOOI3190

18HXIBQ~(J),7X,5HFSlJ),6X,6HQSPlJ),4X,8HXMULTlJ),7X,5HZP(J),5X,6HAPMOOI3200

2PlJ)/) MOOI3210
410 FORMAT (4X,12,4X,F12.6,f12.3,Flc.5,oF12.3,FI2.6) MOOI3220
420 FORMAT (/15X,lHJ,1IX,4HD(J),6X.dHCOL161J),4X,tiHCOLI7(J),~X,8HCOL18MOOl3230

1 IJ),4X,8HCUL19(J),4X,8HCOL20(J) ,4X,8HCOL21(J) ,4X,8HCOL22(J),4X,8HCMOOI3240
20L23 (J) ,4X,9HCOMP.LOAU/) MOD13250

430 FORMAT (4X,I2,4X.F12.6,8F12.3.F12.4) MOOI3260
440 FORMAT (lOX.d4H DRl(J) ORU(J) D(J) F8(J) 1'10013270

1 XIBQti lJ) fS lJ) FQl lJ) ,I) 1'10013280
450 FORMAT IIOx,6Fl2.6,F12.3) 110013290

c
c
C

c
C
C
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C
C
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460 FO~Io\AT (1II,SX,34HTOTAL BED LOAD--- --_.'--_.' - ...-.- -,Flf).h9HTONSMOOI3JOO~

I/DAY,/5X,34HTOTAL SUSPENDED LOAD ,FI6.1,9H TONS/DAY,/MODI3310
25X,34HTOTAL LOAD ,F16.1,9H TONS/OAY) MOOl3320

END MOOl3330
SUBROUTINE INPUTI MOOl3340

C MOOl3350
C THIS SUBROUTiNE READS IN THE BASIC VARIABLES OF THE PROBLEM MOOl3360
C MOOl3370

COMMON IALLI DISCH , UAVE , DEPTH ,MOOI3380
1 W AREA, TEMP , XNU ,M0013390
2 065 035 , CONC , USM ,M0013400
3 ON , OS MOOl3410

COMMON IRUNSEQI L , INOPT "'0013420
If (L.EQ.1) PRINT 130 MOOl3430
IF (L.EQ.1) REAO 0, INOPT· MOOl3440
IF (INOPT.EQ.l) GO TO 110 MOOl3450
PRINT 140 MOOl3460
PRINT 150 M0013470
READ 0, UAIIE M0013480
PRINT 160 M0013490
READ 0, DEPTH MOOl3500
PRINT 170 MOOl3510
READ 0, W MOOI3520
PRINT 180 M0013530
READ 0, TEMP M0013540
PRINT 190 MOOI3550
READ 0, XNU M0013560
PRINT 200 M0013570
READ 0, 065 MOOl3580
PRINT 210 MOOl 3590
READ 0, 035 MOOl3600
~RIN' 220 MOOl3610
READ 0, CONC M0013620
PRINT 230 M0013630
READ 0, ON M0013640
PRINT 240 MOOl3650
R~AO 0, OS M0013660

100 CONTINUE MOOl3670
C MOOI3680
C CALCULATE AREA(SQ.FT),OISCH~RGE(CFS) AND SAMPLED SUSPENDED LOAO(T/MOOI3690
C M0013700

AREA = DEPTH ° W MOOl3710
DISCH = AREA ° UAVE MODI3720
QSM = (43.2 ° 62.4 ° IE - 6) ° DISCH ° CONe MOOI3730
RETURN MODI3740

110 CONTINUE MOOI3750
PRINT 250 MOOl3760
READ 0, UAIIE,DEPTH,W,TEMP,XNU,065.D35,CONC,ON,OS MOOl3770
If (065.LE.035) GO TO 120 MOOI3780
GO TO 100 MOOI3790

120 WRITE (6.260) 065,035 MODI3800
R~AO 0, UAIIE,DEPTH.W,TEMP,XNU,D65,035,CONC,ON,OS MODI3610
GO TO 100 MOOI3820

C MOOl3830
C MODI3640
C MOOI3850

130 FOHMAT (SOH ENTER INOPT=l 'TO READ IN ALL THE MAJOR VARIABLES, 15MOOI3660
1H IN ONE STRING"I. 39H OTHERWISE INPUT DATA ONE BY ONE) MOD13870

140 FOHMAT lIllI, 44H ENTER FOLLOwING INPUT DATA (10 VARIABLES):,/) MOOI3880
150 FOHMAT (32H AVERAGE VELOCITY IN FPS, UAIIE=) MOOI3B90
160 FORMAT (3~H HYDRAULIC DEPTH IN FT., OEPTrl=) MOOl3900
170 FORMAT (32H WATER SURFACE WIDTH IN FT., w=) MOOI3910
180 FORMAT (36H TEMPEHATURE IN OEG. FARENH., TEMP=) MOOl3920
190 FORMAT (42H KINEMATIC VISCOSITY IN SQ,FT./SEe., XNU=) MOOI3930
200 FllHMAT ( 13H 065 IN FT.=) MODI3940
210 FORMAT ( LHi 035 IN FT.=) MOOl3950

I
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220 FO~MAT 41H AVE~AGE CONCENTRATION IN PPM 8Y WEI~HT, CONC=)-----MOOI3960
230 FORMAT 4lH PORTION OF DEPTH NOT SAMPLED IN FT. ON=) MOOl3970
240 FORMAT 39H AVERAGE DEPTH OF SAMPLING IN FT., 05=) MOOI3980
250 FORMAT I 54H ENTER FOLLOWING INPUT DATA (10 VARIABLES) IN ENGLISHMOOl3990

1, 7H UNITS:,I, 42H UAVE'DEPTrl.w,TEMP,VISCO.,D65,D35,CONC.(, 20HMOOI4000
2PPM 8Y WEIGHT),DN,OS) . MOOI4010

260 FORMAT 1/,5X, 29HCHECK YOUR INpUT DATA IF 065=,F10.6, 15H FT. .GTMDOI4020
1. 035=,F10.6, 4H FT.,I,SX, 31HENTER DATA IN THIS STRING AGAIN,/) MODi4030

END MODI4040
SUtiROUTINE INPUT2 MODI4050

C MODI4060
C THIS SUBROUTINE READS IN ADDITIONAL INPUT AND FINDS THE VALUE OF MODI4070
C NO, THE NUMBER OF SIZE FRACTIONS TO BE USED IN THE COMPUTATION MOOI4080
C MOOI4090

COMMON IALLI DISCH , UAVE , DEPTH ,MOOI4100
1 W , AREA , TEMP , XNU ,MOOI4110
2 065 , 035 , CONC , QSM MOOI4120
3 ON , OS MODI4130

COMMON IALLSI DIll) VS(ll) , F8(10) MODI4140
1 FS(lO) XMULTllO) JIN , JOUT MOOI4150
2 NO N01 ND2 MODI4160

COMMON IALLEI DRL(ll) DRU(ll) MODI4170
COMMON IRUNS£QI L MOOI4180
IF (L.GE.2) GO TO Z20 MODJ4190
DHLll) = .002 MODI4Z00
DRL(Z) = .0156 MODl4Zl0
DRL(3) = .002 MOOI4Z20
DHL(4) = .0625 MODI4230
DHLlS) = .125 MODI4240
OHL(6) = .~5 MOOI4250
DHL(7) = .5 MODI4260
DHL(8) = 1. MODI4210
DHL(9) = 2. MODI4280
DHLlIO) = 4. MOD14290
DHLll1) = H. MODI4300
OHUlll = .0156 MODI43iO
D~U(21 = .Ob~5 MOOI4320
DHU(3) = .u6~5 MODI4330
DRU(4) = .l25 MODI4340
DHU(S) = .25 MOOI4350
OHU(6) = .5 MODI4360
URU(7) = 1. MODI4370
DHU(a) = 2. MOOI4380
OHU(9) = 4. MODI4390
DHU(IO) = 8. MODI4400
DHUlll) = 16. MOOI4410

100 CUNTINUE MODI4420
PHINT 230' MOOJ4430
PRINT 240 MOOI4440
DO 110 J = I,ll MOOI44S0

IF lJ.LE.c) PRINT 250. DRLlJ),ORUlJ) M0014460
IF lJ.EQ.3) PRINT 260, DRLlJ),DRU(J) MOOl4410
IF (J.GT.3) PK!NT 250, URLIJ),ORUIJ),DRLIJ),DRUIJ) MODI4480

110 CONTINUE MODI4490
PRINT 270 MODI4500
RtAD *, JIN MODI4Sl0
PHINT 280 MOOI4520
READ *, JOUT MOOI4S30
IF (JIN.EQ.31 GO TO 180 MODI4540
00 120 J = I,ll MOUI4SS0

D(J) = lDHLlJI * DRUlJ» * * 0.5/304.8 MODl4S60
VSlJ) = 112.13. * 32.17 * 1.65 * D(J) * * 3. + 36. * ~NU * * MODI4570

1 2.). * 0.5 - 6. * XNU)/OlJ) MODI4580
120 CuNTINUE MODI4590

Nul = 10 MODI4600
NUl: 9 MOOI4610
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If (JIN.EQ-.2) GO- TOHO"---------------------------·-~--~- MOo-h6Zo------,
DO 130 J = 3,NOI MOOl4630

O(J) = DIJ + 1) 1'10014640
VSIJ) = VSIJ + 1) MOOl4650

CONTINUE M0014660
Nu = NOI 1'10014670
GO TO 160 1'10014680
00 ISO J = 1,ND2 1'10014690

D(J) = DIJ + 2) MOOl4700
VSIJ) = VS(J + 2) MODI4710

CONTINUE MOOl4720
NO = N02 MODI4730
CONTINUE 1'10014740
PHINr 290. NO MOOI47S0
OU 170 J = 1,NO MOOl4160

PRINT 300, J,J 1'10014770
READ it, F8IJ) ,FSIJ) 1'10014780

CONTINUE MOOI4790
GO TO 210 MOol4800
CUNTINUE MODI4810
PHINT 310 1'10014820
RtAD *, NO MOOl4830
PRINT 320 MOOl4840
DO 190 J = 1,NO MOOl48S0

PRINT 330, J,J,J,J 1'10014860
READ *, ORLIJ),ORUIJ),FBIJ),FSIJ) MODI4870

CONTINUE 1'10014660
DO 200 J = 1,NO 1'10014690

DIJ) = 10RU(J) it ORL(J)) * * 0.5/304.6 1'10014900
VSIJ) = 112./3. it 32.17 * 1.65 * OIJ) * * 3. + 36. * XNU *- it MOOl4910

1 2.) * * 0.5 - 6. * XNU)/DIJ) 1'10014920
200 COWTINUE MOOl4930
210 CONTINUE MODI4940

OLOD65 = 065 MOOl49S0
OL0035 = 035 MOOl4960
RETURN MOOl4970
CUNTINUE 1'10014980
IF IOL0065.NE.065.0R.OL003S.NE.03S) GO TO 100 MOOl4990
PRINT 340 MOOI5000
READ *, IFSDATA 1'10015010
IF IIFSDATA.EQ.l) RETURN MOOI5020
PRINT 350, NO MODI5030
READ *, (FS IJ) ,J = 1,NO) MOOI5040
RETURN 1'10015050

1'10015060
1'10015070
1'l0015080

230 FORMATII133H SEDIMENT SIZE DATA INPUT OPTION/,41H JIN=1 fOR 1'10015090
110 DEFINED SIZE FRACTIONS,I, 41H JIN=2 FOR 9 OEFI~EO SIZE FRMODI5100
2ACIONS,I, 49H JIN=3 USER pROVIDES SIZE fRACTIONS A~O DATA~/) 1'10015110

240 FOR~AT I/I1X, 11H JIN=1,18X, 5HJIN=2,/I0X,21 17H ORL 1'10015120
1 O~U ,8X),/IOX,21 18H ILOWER) (UPPER),7X)) MODI5130

250 FO~MAT (10X,clf7.4, 3H - ,F7.4.8X» MODI5140
260 FORMAT 135X,F7.4, 3H - ,F7.4) 1'10015150
270 FOHMAT 1 12H ENTER JIN=) 1'10015160
280 FO~MAT I 41H OUTPUT OPTION: JOUT=l FOR FULL PRINTOUT,I, 52H 1'10015170

1 =2 FOR THE INPUT PARAMETERS AND, 17H THE RESULTS ONMOOI5180
2L'f,;' 18H ENTER JOUT=) . 1'10015190

290 FORMAT I 30H NUMBER OF SIZE FRACTIONS NO=,I5,11, 52H ENTER THE 51'10015200
lILE FRACTIONS OF BED MATERIAL FHI ) AND,I, 53H 1'10015210
2 SUSP. MAT. FSi) AS ,I, 21H AS FOLLOWING:) MOD15220

300 FORMAT ( 12H ENTER FBloI2, 8H) FSlt!2, 2H») 1'10015230
310 FORMAT I 40H ENTER THE NUMBER Of SIZE FRACTIONS NO=) 1'10015240
320 FO~MAT 112X, 49HLOWER LIMIT UPPER LIMIT FRAC. OF BEO AND SUSP.)MODI5250
330 FORMAT I 17H ENTER ORLI,I~, 11H ) ORUI,12, 10H ) 1'10015260

IFtH,I2, 10H ) FS 1912. 2H» 1'10015270

190

220

ISO

140

c
c
c

I
I
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340 FURMAT (I, 4jH ThE BED MATERIAL Dt'TNl~UrIUN 15 THE SAME A5~N, IMODI52~0
ISH THE FIRST SET.,II, 52H ENTER IFSDATA=l IF SIZE FRACTIONS OF THMODI5290
2E SUSPENDED, 39H LOAD ARE THE SAME AS IN THE FIRST SET"I, 31H MODI5300
3 OTHERWISE READ IN FS( » MODI5310

350 FORMAT ( 1ijH ENTER FS(JI,J=1"I3~ 2H» MODI5320
END MOOI5330
SU~ROUTINE RSCOM (X,RS) MOOI5340

C MODI5350
C THIS SUBROUTINE COMPUTES THE VALUE OF RS BY ITERATION MOOI5360
C MOOI5370

COMMON IALLI DISCH , UAVE , DEPTH MOOI5380
1 W AREA, TEMP , XNU MODl5390
2 D65 035 , CONC , QSM MODI5400
3 ON , OS MOOIS410

X = 1.6 MODI5420
Tal = 0.001 MOOIS430
XK5 =065 MODIS440

100 XUKS = lc.27 * X * DEPTH/XKS MODIS4S0
SANS = UAVE/(32.63 * ALOGI0(XOKS» MODIS4bO
U~HP = SRRS * 5.68 MOOI5470
D~L = 11.6 * XNU/USHP MODIS4BO
DELKS = XKS/OEl MODI5490
CALL PlATE3 (DElKS,X21 MODI5500
D£LX = X • X2 MOOIS510
If (ABS(DELX).lT.TOL) GO TO 110 MOOI5520
X = X2 MODI5530
GO TO 100 MODI5540

110 CONTINUE MODI5550
XDKS = 12.27 * X * DEPTH/XKS MODI5560
SHRS = UAVE/(32.63 * AlOGIO(XDKS» MODI5570
RS = SRRS * SRNS MODI5580
RETURN MODI5590

C MODI5600
END MODI5bl0
SUBROUTINE PLATE4 (X,PFS,XKS) MODI5620

C MOOI5630
C THIS SUBROUTINE SUBSTITUTES PLATE fOUR fOR THE ANALYTICAL MODI5640
C E~PRESSION OF PFS MOD156S0
C MODI5660

COMMON IAlLI DISCH UAVE DEPTH MODI5670
1 w , AREA TEMP XNU MODI5680
2 065 D35 CONe QSM MODI5690
3 ON OS MOOIS700

XKS = DbS MOOI5710
A = 30.2 * X/XKS MODI5720
YUS = os * ALOG(A * OS) • OS MOOI5730
YUN = ON * ALOG(A * ON) - ON MODI5740
PFS = (yes - YONt/YDS MOOI5750
RETURN MODIS760

C MODI5770
END MODI5780
SU~ROUTINE SUR (N,Kl MODI5190

C MODIsaoo
C THIS SUBROUTINE COUNTS THE NUMBER OF SIZE FRACTIONS K FOR WHICH MODI5810
C THERE IS BOTH BED AND SUSPENDEo DISCHARGE, AND THE NUM~ER Of SIZE MODI5820
C fKACTIONS N SMALLER THAN fIRST K. MOOI5830
C MODI5840

CUMMON IALLB/ 0(11) , VS(ll) , FB(IO) , MODISB50
1 FS(IO) ,XMULT(10), JIN , JOUT MODI5860
2 NO 9,NOl NU2 MOOI5870

J = 0 MODI5aao
K = 0 MODI5690
N = 0 MOOI5900

100 CONTINUE MODIS910
If (F~(J + l).GT.O.OO.ANO.FS(J + 1).GT.O.OO) GO TO 120 MODI5920
IF (K.NE.O) GO TO 110 MOOI5930
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N = N •. 1 - -. -. - ---- --_._ - _.-- - -.- - -.-----..-"- ·140015940--

110 J = J • 1 140015950
IF I~.EQ.NO) RETURN 140015960
GO TO 100 140015970

120 CONTINUE MOOl5980
K = K • 1 140015990
~ = ~ • 1 140016000
IF (~.EQ.NO) RETURN 140016010
GO TO 100 140016020

C 140016030
END MOOl6040
SUBROUTINE LSZPVS INl,NK,K,X,Y.A,B) 140016050

C 140016060
C THIS SUBROUTINE CALCULATES A LEAST SQUARE FIT FOR ZPRIME lPIK) ANOM0016070
C V5IK) 140016080
C MOOl6090

OlMENSI0N XI III , Y(10) MOOl6100
SUMX = o. 140016110
SUMY = o. MOOl6120
SUMXY = O. 140016130
SUMX2 = o. M0016140
00 100 ~ = Nl,NK M0016150

XL = ALOGIXIJ» 140016160
SUMX = SUMX • XL 140016170
YL = ALOGIYI~» MOOl6180
SUMY = SU~Y • YL 1'10016190
XY = XL * YL 140016200
SUMXY = SUMXY • XY 140016210
X2 = XL * XL 140016220
SUMX2 = SIJMX2 + X2 M0016230

100 CONTINUE MOOl6240
XMEAN = SUMX/K 140016250
YMEAN = 5UMY/K MOOl6260
B = ISUMXY - SUMX ~ SUMY/K)/15UMX2 - 5UMX * 5UMX/K) M0016270
A = YMEAN - B * X~lEAN M0016280
RETURN 140016290

C M0016300
END 140016310
SUBROUTINE MULCOM IK,Nl.NK,KK) 140016320

C 140016330
C THIS SUBROUTINE CALCULATES THE MULTIPLIERS XMULTIJ) MOOl6340
C MOOI6350

COMMON IALLBI DIll) VSlll) , FBII0) M0016360
1 FS (10) , XMULT (10) JIN , JOUT 140016370
2 NO , NOI , ND2 140016380

DIMENSION SBS(9) 110016390
IF (K.EQ.O) GO TO 150 M0016400
IF IK.EQ.2) GO TO 100 110016410
KK = Nl 140016420
GO TO 130 M0016430

100 CONTINUE 140016440
DO 110 J = Nl,NK M0016450

5851.1) = ft:ll~) • F51.1) MOOl6460
110 CONTINUE MOOI6470

IF (S85INll.uT.SB5INK» GO TO 120 MOOI6~80

KK = NK 140016490
GO TO 130 MOOI6500

120 KK = N1 M0016510
130 CONTINUE MOOl6520

00 1~0 J = l.NO 140016530
XMULT(~) = IVSIJ)IVSIKK» * * 0.7 MODI6S40

1~0 CONTINUE 140010550
GO TO 160 MOOl6500

150 w~ITE 10,170) MODI6570
160 CONTINUE 140016580

~~TU~N 140016590

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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170 FORMAT (10~,97H8ECAUSE NO SIZE FRACTION CONTAINS BOTH BED AND
lENUED DISCHA~GE, THE COMPUTATiONS ARE ABORTED.)

ENO
SUBROUTINE PLATE8 (X,Y)

, FBllO)
, JOUT

, FQL(10)
, APP ( 10)

, VSllll
, JIN
, ND2

XI8QB (10)
AP

.:- ~ '-..

DOl>
, XMULTllO)
, NOI

QSP 110)
P

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

Y = - 0.33 * ALOGI0(X) + 1.08
RETURN

END
SUBROUTINE ZPCOM (J,IDZ)

T"IS SU8ROUTINE COMPUTES ZPRIME ZP BY ITERATION
FIRST, ATRIAL VALUE OF lP IS CALCULATED, AND THEN, WITH ANOTHER
THIAL, A LINEAR INTERPOLATION IS MAUE. CONVERGENCE IS VERY FAST.

COMMON IALLB/
1 FS(lu)
2 NO

COMMON IALLCI
COMMON IALLOI

1 ZP(lU)
XM = APP (J)
R~SP = QSP(J)/XI8QB(J)
IF (RQSP.LT.I873.) GO TO 100
IuZ = 1
WRITE (6,150)
RI:.TURN
CALL PLATES IRQSP,ZTRY)
STEP = 0.01
WRITE (60160)
KOUNT = 0
CONTINUE
KOUNT = KOUNT + l'
IF Ir(OUNT .GT .10) GO TO 130
CALL POwER IlTRY,XM,XIIPP,DUM1,XJIPP,OUN2,0.01)
CALL POwER (lTRY,AP,DUM3,DUM4,XJIP,XJ2P,O.01)
CkQSP = XIIPP/XJIPP * (P * XJlp + XJ2P)
OCRQ = CRGSP - R~SP

IF (JOUT.Ew.2) GO TO 120
WRITE 16,180) KOUNT,ZTRY,RGSP'CRQSP,OCRG
CONTINUE
TOL = 0.01 * RQSP
If (A8SIU~RQ).LT.TOL) GO TO 140
If (CHU5P.LT.RQSP) lTRYl = ZIRy - STEP
If ICRaSP.BT.RaSp) lTRYI = lTRy + STEP
CALL POwER IZTRY1,XM,XIIPP,DUM1,XJIPP,DUM2,0.01)
CALL POWER (lTRYl,AP,OUM3,DUM4,X~lP,XJ2P,O.Ol)

CR~SPI = XIIPP/XJIPP * IP * XJIP + AJ2P)
TI:.MP = (RQSP - CRQSP) * STEP/ICRQSPI - CRQSP)
IF (CRQSP.LT .RQSP) LTRY = ZTRY - TEMP
If' ICRQSP.Gr.R~SP) lTRY = ZTRY + TEMP
GO TO 110
CONTINUE.
WRllE 16,110)
CUNTINUE
ZPIJ) = ZTMY
RI::TUMN

- '---,."_.- - M"6»~ 6S"Q
MOOI6610
MOOI6620

SUSPMOOI6630
MOOI6640
MOOI6650
MOOI6660
MOOI6670
MOOI6680
MOOI6690
MOOJ6100
MOOI6110
MOOI6120
MOOI6130
MOOJ6140
MOOI6150
MOOI6160
MOOI6710
MOOI6780
MOOI61~0

MOOI6800
MOOI6810
MOOI6820
MOOl6830
M0016840
MOOI6850
M0016B60
MOOI6870
MOOI6880
MOOI6890
MOD16900
1'10016910
MODI6920
MOD16930
1'10016940
M00169~0

1'10016960
MOOI6970
MOOl6980
1'10016990
1'10017000
1'10011010
M0017020
M0017030
M0017040
MOOl7050
MOOH060
MOOl7070
MOOl7080
M0017090
M0017100
~1001711 0
M0017120
MOOI7130
MOOI1140
MOD171S0
MOUI7160
MODI7170
MOOI7180
MOOI7190
MOOI7200
MOOI7210
MOUI7220
MOOI7230
M0017240

150 FORMAT (1II,10~,88HRQSP OUT OF PERMISSIBLE RANGE IN THIS SET OF OAMODI72S0

140

120

110

130

100

C
C
C
C
C

C

C
C
C

C
C
C

-- c
c
C

I

I

I

I

I

I
I

I

I

I

I

I

I

I

I

I
I
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I

I

I

I

I
I

I

I

I

I

I

I

I
I

I
I

THIS SUBROUTiNE APPROXIMATES PLATE 5 bY A SERIES OF EQUATIONS

If (X.LT •• 4) Y = 8.10b078 * X * * (- 0.9890021
IF IX.LE.1 •• AND.X.GE•• 4) Y =7.473444 * X * ~ ( - 1.067367f
IF IX.L T.2 •• AND.X.GT .1.) Y = 7.512081 * X * * ( - 1.182832)
If (X.LE.3 •• AND.X.GE.2.) Y = 9.151968 * X * * l .. 1.472483)
IF (X.LT.5 •• AND.X.GT.3.) Y = 16.025332 * X * • (- 1.972806)
If (X.LE.7 •• AND.X.GE.5.) Y = 41.421873 ~ X * * I .. 2.518713)
If (X.LT.IU •• AND.X.GT.7.) Y = 130.2209 * X * ~ ( - 3.165102)
IF (X.LE.13 •• AND.x.GE.I0.) Y = 584.56U594 * X * * ( .. 3.818249)
If (X.LT.l' •• ANO.X.GT.13.) Y = 3543.989886 * X * * ( - 4.522935)
If (X.LE.20 •• ANO.lI..GE.17.) Y = 169064!:>.e;,45 * X * * ( - 6.7039041
If (X.LT.23 •• ANO.X.GT.20.) Y = 5188257832. ~ X. ~ ( - 9.3818151
If (X.G£.23.) Y = 3.134987996E15 * X * * l - 13.597541)
Rt::.TURN

END
SUdROUTINE PLATES (X,y)

IF (X.LE.0.40) GO TO 100
GO TO 11 0
Y = 1.709 ~ ALOGI0(X/0.080)
GO TO 260
If (X.GT.0.40.ANO.X.LE.o.56) GO TO 120
GO TO 130
Y = 1.495 ~ ALOG10lX/0.059)
GO TO 260
If (X.GT.0.56.ANO.X.LE.0.76) GO TO 140
GO TO 150
Y = 0.92 * ALOG10(X/O.0145)
GO TO 260
If lX.GT.0.76.AND.X.LE.O.96) Go TO 160
GO TO 170
Y = 0.292 * ALOGI0lX/2.9E - 061
GO TO coO
If (X.GT.0.90.AND.X.LE.1.35) GO TO 180
GO TO 190
Y = 0.277 * ALOGIO(632000.0/X)
GO TO 260
If lX.GT.l.35.ANO.X.LE.3.00) GO TO 200
GO TO 210
Y = 1.115 ~ ALOGI0l34.4/X)
GO TO 260
IF IX.GT.3.00.ANO.X.LE.4.00) GO TO 220
GO TO 230
Y = 0.725 ~ AL.OGI0(128.0/X)
GO TO 260
IF (X.Gl.4.00.AND.X.LE.6.70) GO TO 240
GO TO 2~O

Y = 0.399 * ALOGI0l2160.0/XI
GO TO 260
IF (X.GT .6. 7il) Y = 1.0
Rt::.TURN

160

190

180

170

150

130

100

140

120

200

210

250
260

220

230

240

110

c

C
C
C
C

'-'. lTA.CAL.CUL.ATlONS fOR HilS SfT ARE-ABORlED.) -,',c';:"'-'-'-'---:-": --.-'---'--'-MOOHZer
160 FORMAT (11,ZOX,SHITER.,5X.SHZTRY ,6X,4HRQSP,8X,SHCRQSP,7X,4HDCRQ) M0017270
170 FORMAT (/I0X,76HZPCOM DOES NOT CONVERGE WITH 10 ITERATIONS, L.AST VMOD17280

lALUE OF ZP(J) WILL BE USED,/) MODI7290
180 fORMAT (/I0X, Il2,4fl2.5) M0017300

END M0017310
SUBROUTINE PLATE3 lX,y) M0017320-

C-'!.!·· 1'10017330·.··
C THIS SUBIWuTINE APPROXIMATES PLATE 3 BY A SERIES OF EQUATIONS MOOI7340':
C 1'10017350-'\

1'10017360
1'10017370
1'10017380
1'10017390
1'10017400
1'10017410
1'10017420
M00l1430
1'10017440
1'10017450
1'10017460
M0017470
M0017480
MOD17490
1'10017500
1'10017510
1'10017520
1'10017530
MOD17540
MODI7550
M0017560
1'10017570
"10017580
M0017590
MOOI7600
1'10017610
1'10011620
1'10017630
1'10017640
1'10017650
1'10017660
1'10017670
1'10017680
1'10017690
1'10017700
1'10017710
1'10017720
"10DI1730
1'10011740
MOOI7750
1'10017760
MOOI7770
M0017780
1'10017790
1'10017800
1'10017810
"10017820
MOOI71:130
"10017840
1'10017850
1'101)17860
1'10017870
M0017880
1'10017890
"10017900
MOD17910

C

I
I
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--SU~ROUTINE POWER IZ,A~XIl,XI2,XJl,XJ2,CONV)

C
C THIS SUBROUTINE EVALUATES II 12 Jl AND J2 INTEGRALS
C NOTATIONS
C XII = VALUE OF II INTEGRAL
C Xle = VALUE OF 12 INTEGRAL
C XJl = VALUE OF Jl INTEGRAL
C XJ2 = VALUE OF J2 INTEGRAL
C N = ORDER OF APPROXIMATION ..
C CONV = CONvERGENCE CRITERION
C

N = 1
FACT = 0.216 * A * * lZ - 1.)/11. - A) * * Z
Xli = O.
.~Il = o.
XJl = o.
XJ2 = O.
ALb = ALOGIA)
C = 1.
o = - Z
E = 0 .. 1.
FN = 1.
AEX = A * * E
GO TO 110

100 N = N .. 1
C = C * O/FN
o = E
E = 0 .. 1.
FN = FLOATIN)
AEX = A" * E

110 II' lABSlE) .LE.O.OOl> GO TO 120
XJl = XJl .. C .. 11~ - AEX)/E
XJ2 = XJ2 .. C * llAEX - 1.)/E * * 2 - AEX * ALGIE)'
GO TO 130

120 XJl = XJl - C * ALG
XJe = XJ2 - 0.5 .. C * ALG" * 2

130 IF IN.EQ.1) GO TO 140
CJl = ASSll. - FJl/~Jl)

CJ2 = ASSll. - FJ2/~J2)

If ICJl.LE.CONV.ANO.CJ2.LE.CONV) GO TO ISO
140 FJl = XJl

FJ2 = XJ2
GO TO 100

150 XII = FACT * XJl
X12 = FACT * XJ2
Rt::TUKN

C
ENO

MOOI-,no
MOD11930
MOOl7940
M0011950
'10017960
MOD179-,0
M0017980
MOD17990
MOOl8000
MODI8010
MOOl8020
MOOI8030
MOOI8040
M00180S0
M0018060
MOOI8070
M0018080
MOD18090
M0018100
M0018110
MODI8120
MOOI81JO
MOOI8140
MOOI81S0
MOOlt1160
MOOI8170
M00181BO
MODI8190
M0018200

, M0011:1210
MODI8220
MOOI8230
MODI8240
MODI8250
MOOltl260
MOOl8270
MODI8280
MOOII:I290
MOOI8300
MOOI8310
MOOI8320
MODIB330
MODI8340
MODI83S0
MOOI8360
MOOI8370
MQoII:I380
MODI8390
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ELECTRONIC COMPUTER PROGRAM ABSTRACT

TITLE OF PROGRAM: MPM PROGRAM NO. :

PREPARING AGENCY: Simons and Li Engineering

AUTHORS: R. K. Simons, R. M. Li and D. B. Simons

DATE PROGRAM COMPLETED: September, 1979

STATUS OF PROGRAM: Phase - original, Stage - operational

A. PURPOSE OF PROGRAM: To compute the bed-load transport rate by

Meyer-Peter, Muller's method. (Note: suspended bed material is not

computed by this method.) References: (a) Meyer-Peter, E., and R.

Muller, "Formulas for Bed-Load Transport," Proceedings of the Third

Meeting of International Association for Hydraulic Research, Stock

holm, 1948; (b) U.S. Bureau of Reclamation, "Investigation of Meyer

Peter, Muller Bedload Formulas," Sedimentation Section, Hydrology

Branch, Division of Project Investigations, U.S. Department of the

Interior, Bureau of Reclamation, 1960; (c) Simons, D. B., and F.

Senturk, Sediment Transport Technology, Water Resources Publications,

Fort Collins, Colorado, 1977.

B. PROGRAM SPECIFICATIONS:

Language: Fortran IV

Solution Requirements: Input data

Method of Analysis: Computer application of Meyer-Peter, Muller's

bed-load equations

Size of Object Program: 17,541 characters

External Storage: None

Restrictions: None

General Equations: Meyer-Peter, Muller's bed-load equation:



2
I

where W

8WQ = --=...:..:..-.-

S IP y'
s

is the stream width, p is the density of the water (y/g),

I
I

y' is the specific weight of submerged sediment, T is the tractive
s

force on the bed, and

Range of Quantities:

T is the critical shear stress.
c

Unlimited

I
I

Accuracy: N/A

Dimension System: English except sediment size is read in mm then

converted to ft.

C. METHODS: The program is written in Fortran IV in both time-share and

batch processing modes. All stops would be unprogrammed, resulting

from introduction of improper input variables.

D. EQUIPMENT DETAILS: The program was developed on a CDC Cyber 172 but

can operate on any compatible system. No special computer equipment

is required. Normal configuration of CPU, reader and printer are

required to run the program in batch mode.

E. INPUT-OUTPUT: Input requirements are: Number of data sets, mean

velocity (ft/sec), hydraulic depth (ft), stream width (ft), median

sediment diameter (mm), energy slope (ft/ft), and kinematic viscosity

2
of water (ft /sec).

F. ADDITIONAL REMARKS: The method computes bed load only and assumes

the effective shear stress is equal to the total shear stress. This

method is particularly useful for the gravel and boulder bed streams.

I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

3

PART I: ENGINEERING DESCRIPTION

1• PROGRAM NO. :

2 • TITLE: MPM

3. REVISION LOG: N/A

4. PURPOSE OF PROGRAM: To compute bed-load transport rate by Meyer

Peter, Muller's Method. References:

a) Meyer-Peter, E., and R. Muller, "Formulas for Bed-Load Transport,"

Proceedings of the Third Meeting of the International Association

for Hydraulic Research, Stockholm, 1948.

b) U.S. Bureau of Reclamation, "Investigation of Meyer-Peter, Muller

Bedload Formulas," Sedimentation Section, Hydrology Branch,

Division of Project Investigations, U.S. Department of the

Interior, Bureau of Reclamation, 1960.

c) Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

5. STEP SOLUTION:

a) The input variables that must be supplied upon request are:

1 - Number of data sets (NDATA)

2 - Mean velocity (V), ft/sec

3 - Hydraulic depth (D), ft

4 - Stream width (W), ft

5 - Median sediment diameter (DM), mm

6 - Energy slope (S), ft/ft

7 - Kinematic viscosity of water (SNU), ft
2
/sec

b) After the number of data sets is read in, a set of hydraulic data

is read in and Meyer-Peter, Muller's bed-load equation is applied
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in a do loop from 1 to the number of data sets in the following

manner:

c) Compute the shear stress~ T

I
I
I
I

d) Compute the critical shear~

e)

T
C

T = 0.047 y' DMc s

If T - T is less than zero, the bed-load is set to zero; if
c

I
I

not, Meyer-Peter, Muller's equation is used.

f) Calculate bed-load transport rate in Ibs/ft3

Q = 8W
s

IP y'
s

and convert from Ib/ft
3

to T/D

Q = 43.2 Q
s s

g) Print input data and output of results.

6. ACCURACY: N/A

I
I
I
I
I
I
I
I
I
I
I
I
I
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values.

PART II: COMPUTER FUNCTIONAL DESCRIPTION

9. OPERATOR INSTRUCTIONS: None

Card 2, 3,
•.. , NDATA

Card 1

improper input data.

NAME DESCRIPTION FORMAT

NDATA Number of data sets 15

V Mean velocity, ft/sec FlO.2

D Hydraulic depth, ft F10.2

W Stream width, ft FlO.2

DM Median particle diameter, mm F10.3

S Energy slope, ft/ft F10.7

2 E10.3SNU Kinematic viscosity, ft /sec

input data and the bed-load transport rate in tons/day.

required to run the program in batch mode.

are given below. For the time share mode the user is prompted for input

Cyber 172. Normal configuration of CPU, reader and printer is

batch mode. Fig. 3 is the interactive mode listing. Input requirements

or batch processing mode. The source listing in Fig. 2 is for the

7. SUMMARY OF REQUIRED CARDS: (See 6)

1. REVISION LOG: N/A

8. OUTPUTS: Printed output generated by the program includes the given

2. FUNCTIONAL FLOW CHART: (See Figure 1)

3. EQUIPMENT AND OPERATING SYSTEM: The program was developed on a CDC

5. SECONDARY STORAGE INPUT FORMAT: None

4. INPUT REQUIREMENTS: The program is written for either the time share

6. INPUT DATA DESCRIPTION:

10. PROGRAM ERROR MESSAGES: None. Program stops would result from

I
I

I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
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11. VARIABLE DEFINITIONS:

I
I

D - Hydraulic depth, ft I
DM - Median sediment size, mm

NDATA - Number of data sets I
QS

RHO

S

SNU

T

TAU

TCR

- Bed-load transport rate, tons/day

- Density of water, slugs/ft
3

- Energy slope, ft/ft

2
- Kinematic viscosity, ft /sec

- (TAU - TCR) , lbs/ft
2

2
- Shear stress on the bed, lbs/ft

- Critical shear stress, lbs/ft
2

I
I
I
I

12.

V - Mean velocity, ft/sec

W - Stream width, ft

EXAMPLE CASE:

a) Batch mode

COMPUTATION OF TOTAL SEDIMENT DISCHARGE
BY MEYER-PETER AND MULLERS METHOD

I
I
I
I

SET 1
MEAN VELOCITY
HYDf<AULIC DEPTH
STf~EAM WIDTH
MEDIAN SEDIMENT DIAMETER
ENERGY SLOPE
KINEMATIC VISCOSITY

BED MATERIAL DISCHARGE =

6.63 FT/SEC
2.50 FT

170.00 FT
.495 MM

.0010~iOO FT/FT

.106E-04 FT**2/SEC

25. TONS/DAY

I
I
I

.037 CP SECONDS EXECUTION TIME

I
I
I
I
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b) Interactive mode

COMPUTATION OF TOTAL SEDIMENT DISCHARGE
BY MEYER-PETER AND MULLERS METHOD

START INPUT DATA IN FREE FORMAT

ENTER THE NUMBER OF SETS OF INPUT DATA
l' 1

ENTER THE FOLLOWING HYDRAULIC DATA:

AVERAGE VELOCITY IN FEET PER SECOND
? 6.63

HYDRAULIC DEPTH IN FEET
? 2.5

STREAM WIDTH IN FEET
l' 170.

ENERGY SLOPE IN FEET/FEET
? .00105

KINEMATIC VISCOSITY IN SQ.FT./SEC.
? .0000106

I1EDIAN BED MATERIAL SIZE IN MM
l' .495

I
I
I
I
I
I

SET 1
l'IEAN VELOCITY
HYDRAULIC DEPTH
STREAM WIDTH
MEDIAN SEDIMENT DIAMETER
ENEFWY SLOPE
KINEMATIC VISCOSITY

BED MATERIAL DISCHARGE

6.63 FT/SEC
2.~jO FT

170.00 FT
.495 MM

.0010500 FT/FT

.106E-04 FT**2/SEC

25. TONS/DAY

I
I
I
I
I
I
I

.064 CP SECONDS EXECutION TIME

13. JOB PROCESSING TIME:

To compile: 0.6 cpu sec

To execute: 0.04 cpu sec (batch)

0.062 cpu sec (interactive)



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

YES

Print output

8

-( MPM )

Read Hydraulic Data

Compute shear
stress on bed, TAU

Compute t~ansportrate

using Meyer-Peter,
Muller's equation

Do fremlte
NDATA

Figure 1. Flow chart of Program MPM.

I
I
I
I
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?ROGRAM MPM ~~M 0010
l(lN~UT,OUTPUT) MPM 0020

C MPM 0030
C DEVELOPED MPM 0040
C MPM 0050
C MPM OObO
C PURPOSE CO~PUTATION Of BED MATERIAL OISCHARG~ MPM 0070
C IN RIVERS By MEYER-PETER, MULLER ME!rlOO MPM 0080
C MPM 0090
C REFERENCE MEYER-PETER, E. AND MULLER, R., "FORMULAS MP~ 0100
C FOR 8ED LOAD TRANSPORT," PROCEEDINGS OF MPM 0110
C TH1R~ MEETING OF INTERNATIONAL ASSOCIATION MPM 0120
C FOR HYDRAULIC RESEARCH, STOCKHOLM, 1948 MPM 0130
C MPM 0140
C CORE USAGE MPM 0150
C MPM 01bO
C COMPILER TIME LESS THAN O.b SEC MPM 0170
C MPM 0180
C CENTRAL PROCESSOR MPM 0190
C TIME FOR ONE SET MPM 0200
C Of DATA LESS THAN 0.03 SEC MPM 0210
C MPM 0220
C INPUT DATA MPM 0230
C MPM 0240
C THE FIRST CARD CONTAINS THE VALUE OF NOATA IN FORMAT 15. MPM 0250
C NOATA = NUM8ER OF DATA SETS TO 8E ANALYZED MPM 02bO
C MPM OZ70
C THE SECOND AND SUCCEEDING CARDS CONTAIN THE HYDRAULIC AND MPM 0280
C SEDIMENT DATA SETS IN THE FOLLo~ING fORMAT: MPM OZ90
C (3FI0.2,Flu.3,FlO.7,EI0.3) MPM 0300
C II = MEAN vELOCITY (FT/SEC) MPM 0310
C 0 = HYDRAULIC DEPTH 1FT) I MPM 03Z0
C W = STRE.AM WIDTt! (FT) MPM 0330
C OM =MEDIAN SEDIMENf DIAMETER ("1M) MPM 0340
C S = ENERGY SLOPE OF STREAM (FT/FT) MPM 0350
C SNU = KINEMATIC VISCOSITY OF WATER (FT••ZISEC) MPM 03bO
C MPM 0370

P~INT 130 MPM 0380
RE.AD 140, NDATA ' MPM 0390
RHO = b~.4/3~.2 MPM 0400
DO 120 1 = 1,NDATA MPM 0410

RE.AD 150, V,D,W,DM,S,SNU MPM 0420
PRINT 160, I,V,O,W,OM,S,SNU MPM 0430
OM = OM/3U4.8 MPM 0440
TAU = 62.4 • D • S MPM 0450
TCR = 0.047 • 1.6S • 62.4 • OM MPM 04bO
T = TAU - TCR MPM 0470
IF (T.LE.O.) GO TO 100 MPM 0480
QS = ~ • M./SQRTIRHO)/ll.65 • 62.4) • T •• 1.5 MPM 0490
QS =as • 43.2 MPM 0500
GO TO 110 MPM 0510

100 QS = o. MPM 0520
110 CONTINUE MPM 0530

PRINT 170, QS MPM 0540
120 CONTINUE MPM 0550

STOP MPM 05bO
C MPM 0~70

130 FO~MAT (lH1111. 4IH COMPUTATIoN OF TOTAL SEDIMENT DISCHARGE.I, 35MPM 0580
IH BY MEYE~-PETER AND MULLERS METHOD,II) MPM 0590

140 FORMAT (IS) MPM ObOO
150 FORMAT (3fl0.2,FI0.3,r10.7'E10.3) MPM Ob10
160 FORMAT (5X,4HSEr~I5/,5X,25~MEAN VELOCITY ,FIZ.2, MPM 0620

17H FT/S~C/.5X,25HHYORAULIC OEPTH ,F12.2,3H FT/,5~,25HSTREMPM 0630
2AM WIDTH,F12.2,3H rT/,5X, 25HMEDIAN SEDl~ENT DIAMETMPM 0640
3ER ,F1Z.3.3H MM/,5X, 25HENERr,Y SLOPE ,F12.7.oH FT/FfMPM Ob50

·-==~'c''''''·.''I.--,...- sx •25r1K 1!IlEI'IAllC-ItbCOS lTv--:---;t:;t2iiJ,l0I'1FT**2/SECI1)----- - MPM ObbO -
.70 FORMAT 15X,25H6EO MATERIA~, OlSCHARGE.~,FlO.0,9HTONS/DAVlI!)';";> MPH 0670
\'*.It<,£ND·~~~;''':..1&~,,,:~.,.;;,,;~~;~,,,,,.z;;';'c..,,>G:~:':\d;~l.,;_.•:.~r,;l;""""':";:''''''~~~~.ihi~~~;~~PM,O 68 0 ,,,!&

Figure 2. Batch listing, Program MPM.
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Figure 3. Interactive listing, Program MPM.

COMPILER TIME L.ESS THAN 0.6 SEC

CENTRAL PROCESSOR
TIMt: FOR ONE SET
OF DATA LESS THAN 0.03 SEC

INPUT DATA

THE FIRST CARD CONTAINS THE VALUE OF NDATA IN FREE FORMAT.
NUATA = NUMl3tR OF DATA SETS TO HE ANALYZED

THE SECOND AND SUCCEEDING CARDS CONTAIN THE HYDRAULIC AND
SEDIMENT DATA SETS IN fREE FORMAT
V = MEAN VELOCITY 1FT/SEC)
o = HYDRAULIC DEPTH 1FT)
W = STREAM wIDTH 1FT)
OM = MEDIAN SEDIMENT DIAMETER IMM)
S = ENERGY SLOPE OF STREAM IFT/FT)
SNU = KINEMATIC VISCOSITY OF WATER IFT**2/SEC)

PRINT 130
RHO =62.4/32.2
PRINT 140
READ *, NDATA
00 120 I = I,NOATA

PRINT 1!)0
REAO *, V
PRINT 160
READ *. D
PRINT If 0
READ *, W
PRINT 180
READ .*, 5
PRINT 190
REAO *, SNU
PRINT 200
READ *, OM
PRINT 210, I,V,D,W,DM,S,SNU
OM = OM/304.8
TAU = 62.~ * 0 * S
TeR = 0.047 * 1.65 * 62.4 * OM
T = TAU - TCR
IF IT.Lt:::.O.> GO TO 100
QS = W * d./SQHT(RHO)/I!.65 * 62.4) * T * * 1.5
QS = QS * 43.2
GO TO 110

100 QS = O.
110 CONTINUE

PRINT 220, QS

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
c
c

PROGRAI'I MPtft
1 (INPUT,OUTPUf)

OEVEL.OPED

PURPOSE

REFERENCE

CORE USAGE

COMPUTATION OF 8ED MATERIAL. DISCHARGE
IN RIVERS By MEYER-PETER, MULLER METrlOD

MEYER-PETER, E. AND MULLER, R., "FORMULAS
fOR I3ED LOAD TRANSPORT," PROCEEDINGS OF
THIRO MEETING Of INTERNATIONAL ASSOCIATION
fOR HYORAULIC RESEARCH, STOCKHOLM, 1948

I
I

MPMlu010

IMPMIOO20
MPMI0030
MPMI0040
MPMIOO50
MPMI0060

IMPMI0070
MPMI0080
MPMI0090
MPMI0100
MPMIOllO IMPMIu120
MPMI0130
MPMI0140
MPMI0150

IMPMI0160
MPMI0170
MPI110180
MPMI0190
MPMI0200 IMPMI0210
MPMI0220
MPMI0230
MPMI0240

IMPMI0250
MPMI0260
MPM!0270
MPMI0280
MPM!0290 IMPMI0300
MPI110310
MPMI0320
MPMI0330

IMPMI0340
MPMI0350
MPMI0360
MPMI0370
MPMI0380 IMPMI0390
MPMI0400
MPMI0410
MPMI0420

IMPMI0430
MPMI0440
MPMI0450
MPMI04bO
MPMI0470

IMPMI0480
MPMI0490
MPMI0500
MPMI0510
MPMI0520 IMPMI0530
MPMI0540
MPMI0550
MPMIOS60

IMPMI0570
MPMI0580
MPMI0590
MPMI0600
MPMI0610 IMPMI0620
MPMIOb30
MPMI0640
MPMI0650

I
I
I
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120 CONTINUE- MPMI0660-
STOP MPMI0670

C MPMI06BO
130 FORMAT (IHIIII, 4IH COMPUTATION OF TOTAL SEDIMENT DISCHARGE,I, 39MPMI0690

IH BY MEYER-PETER AND MULLERS METHOD,II) MPMI0700
140 FORMAT (III, 32H START INPUT DATA IN FREE FORMAT,II, 39H ENTER THEMPMI0710

1 NUM8ER OF SETS OF INPUT DATA) MPMI0720
150 FURMAT (111111, 36H ENTER THE FOLLOWING HYDRAULIC DATA:,II, 38H MPMI0730

lAvtHAGE VELOCITY IN FEET PER SECOND) MPMI0740
160 FORMAT (26H HYDRAULIC DEPTH IN FEET) MPMI07S0
170 FORMAT (2JH STREAM wIDTH IN FEET) MPMI0760
180 FORMAT (2bH ENERGY SLOPE IN FEET/FEET) MPMI0710
190 FORMAT (37H KINEMATIC VISCOSITY IN SQ.Fr./SEC.) MPMI0780
200 FORMAT (3JH MEDIAN BED MATERIAL SIlE IN MM) MPMI0190
210 FORMAl (115X,4HSET ,I5/,5X~25HMEAN VELOCITY ,FI2.2,7H FMPMI0800

IT/~EC/,5X,c5HHYURAULIC DEPTrl ,F12.2,3H FT/,SX,25HSTREAM WMPMI0810
2IUTH ,F12.2,3H FT/,SX,25HMEUIAN SEDIMENT DIAMETER .F12MPMI0820
3.J,3H MM/,5X.25H~NEHGr 5LOPE ,FI2.7,6H FT/fr/.5X.25rlKIMPMI0830
4NEMATIC VISCUSITY ,E12.3,IOH FT**2/5£CII) MPMI0840

220 FORMAT (5X,2~HUED MATERIAL DISCHARGE =,FIO.0,9H TONSIDAYIIII MPMI0850
END MPMIOB60



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I ELECTRONIC COMPUTER PROGRAM ABSTRACT

I
I
I

TITLE OF PROGRAM: SHENHNG

PREPARING AGENCY: Simons and Li Engineering

AUTHORS: R. M. Li, R. K. Simons, D. B. Simons

DATE PROGRAM COMPLETED: September, 1979

PROGRAM NO. :

I
I
I
I
I
I
I
I

STATUS OF PROGRAM: Phase - original, Stage - operational

A. PURPOSE OF PROGRAM: To compute sediment discharge in rivers by Shen

and Hung's method. References: (a) Shen, H. W., and C. S. Hung,

"An Engineering Approach to Total Bed Material Load by Regression

Analysis," Proceedings, Sedimentation Symposium, Berkeley, 1971;

(b) Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

B. PROGRAM SPECIFICATIONS:

Language: ANSI Fortran IV

Solution Requirements: Input data

Method of Analysis: Computer application of Shen and Hung's equation

Size of Object Program: 17,574 characters

External Storage: None

Restrictions: None

where C is the sediment concentration in parts per million and X

General Equation: Shen and Hung's sediment concentration equation:I
I

log C -107404.459 + 324214.747X - 326309.589X
2 + 109503.872X3

and V is the mean velocity, S is the energy slope and W is the

I
I

is:

X
V SO.57 0.0075

( WO. 32 )

I
I

fall velocity.

Range of Quantities: Unlimited
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Accuracy: N/A

Dimension System: English (except input sediment diameter is in mm)

C. METHODS: The program is written in Fortran IV in both batch and time

share modes. All stops would be unprogrammed resulting from improper

input variables.

D. EQUIPMENT DETAILS: The program was developed on a CDC Cyber 172 but

can operate on any compatible system. No special computer equipment

required. Normal configuration of CPU, reader and printer is nec

essary to run the program in batch mode.

E. INPUT-OUTPUT: Input requirements are: Number of data sets to be

analyzed (NDATA), mean velocity (ft/sec), hydraulic depth (ft),

stream width (ft), median bed material diameter (mm), energy slope

(ft/ft), kinematic viscosity of water (ft
2
/sec). Output includes

the given data and sediment concentration and transport rate.

F. ADDITIONAL REMARKS: The method indicates that the sediment concen

tration is independent of flow depth and is applicable to small

streams.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I

3

PART I: ENGINEERING DESCRIPTION

1. PROGRAM NUMBER:

2. TITLE: SHENHNG

3. REVISION LOG: N/A

4. PURPOSE OF PROGRAM: To compute sediment discharge in rivers by Shen

and Hung's method. References:

a) Shen, H. W., and C. S. Hung, "An Engineering Approach to Total

Bed Material Load by Regression Analysis," Proceedings, Sedimen-

tation Symposium, Berkeley, 1971.

b) Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

5. STEP SOLUTION:

a) The input variables that must be supplied are:

1 - Number of data sets (NDATA)

2 - Mean velocity (V), ft! sec

3 - Hydraulic depth (D), ft

4 - Stream width (W), ft

5 - Median bed material diameter (DM), mm

6 - Energy slope (S), ft/ft

7 - Kinematic viscosity of water (SNU) ,
2

ft /sec

b) After data input and conversion of the bed material to feet, the

fall velocity of the median bed material is calculated using

Rubey's equation (Simons and Sentlirk, 1977).

c) Next the factor X in Shen and Hung's equation is determined

from the above calculation and the input data.

V SO.57 0.0075
X = ( WO. 32 )

where W is the fall velocity.
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d) The value obtained for X is then plugged into the regression

equation of the log of sediment concentration in ppm.

log C = -107404.459 + 324214.747X - 326309.589X2 + 109503.872X3

The concentration is then the antilog of the value computed for

log C.

e) The sediment discharge is then the water discharge (Q = VxDxW)

times a number of factors to convert to tons per day.

-6
Qs = 62.4 x 43.2 x 10 x C x Q

6. ACCURACY: N/A

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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PART II: COMPUTER FUNCTIONAL DESCRIPTION

9. OPERATOR INSTRUCTIONS: None

5. SECONDARY STORAGE INPUT FORMAT: None

Card 1

Card 2, 3,
.•. , NDATA

essary to run the program in batch mode.

the input variables:

Cyber 172. Normal configuration of CPU, reader and printer are nec-

share or batch processing mode. The source listing (Figure 2) is

for the batch mode. Figure 3 is the interactive mode listing.

the input data and sediment concentration and transport rate.

NAME DESCRIPTION FORMAT

NDATA Number of data sets IS

V Mean velocity FlO.2

D Hydraulic depth F10.2

W Stream width FlO.2

DM Bed material size FlO.3

S Energy slope F10.7

SNU Kinematic viscosity of water E10.3

improper input data.

1. REVISION LOG: N/A

2. FUNCTIONAL FLOW CHART: (See Figure 1)

3. EQUIPMENT AND OPERATING SYSTEM: The program was developed on a CDC

7. SUMMARY OF REQUIRED CARDS: (See 6)

4. INPUT REQUIREMENTS: The program was written for either the time

6. INPUT DATA DESCRIPTION: The following variable names are used for

8. OUTPUTS: Printed output generated by Program SHENHNG consists of

10. PROGRAM ERROR MESSAGES: None. Program stops would result from

I

I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I

I
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11. VARIABLE DEFINITIONS:

I
I

C - Sediment concentration, ppm I
CL - Log of sediment concentration

D - Hydraulic depth, ft

DM Median bed material size, mm

Q - Water discharge, cfs

QS - Sediment discharge, tons/day

S - Energy slope, ft/ft

2
SNU - Kinematic viscosity, ft /sec

V - Mean velocity, ft/sec

VF - Fall velocity, ft/sec

W - Stream width, ft

x - Temporary variable

12. EXAMPLE CASE:

a) Batch Mode

COMPUTATION OF TOTAL SEDIMENT DISCHARGE
BY SHEN AND HUNGS METHOD

I
I
I
I
I
I
I
I
I

SET 1
MEAN VELOCITY
HYDHAULIC DEPTH
STREAM> WIDn~

MEDIAN SEDIMENT DIAMETER
ENEFWY SLOPE
KINEMATIC VISCOSITY

TOTAL SEDIMENT CONCENTRATION
TOTAL SEDIMENT DISCHARGE =

6.63 FT/SEC
2.50 FT

170.00 FT
.495 MM

.0010500 FT/FT

.106E-04 FT**2/SEC

3073. PPM BY WEIGHT
23339. TONS/DAY

I
I
I

.042 CP SECONDS EXECUTION TIME I
I
I
I
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b) Interactive Mode

COMPUTATION OF TOTAL SEDIMENT DISCHARGE
BY SHEN AND HUNGS METHOD

START INPUT DATA IN FREE FORMAT

ENTER THE NUMBER OF SETS OF INPUT DATA
? 1

ENTER THE FOLLOWING HYDRAULIC DATA:

AVERAGE VELOCITY IN FEET PER SECOND
? 6.63

HYDRAULIC DEPTH IN FEET

STREAM WIDTH IN FEET
? 170.

ENEFWY SLOPE IN FEET/FEET
? .00105

KINEMATIC VISCOSITY IN SQ.FT./SEC •
? •0000106

MEDIAN BED MATERIAL SIZE IN MM
? .495

I
I
I

SET 1
MEAN VELOCITY
HYDRAULIC DEPTH
STREAM WIDTH
MEDIAN SEDIMENT DIAMETER
ENERGY SLOPE
KINEMATIC VISCOSITY

TOTAL SEDIMENT CONCENTRATION
TOTAL SEDIMENT DISCHARGE

6.63 FT/SEC
2.50 FT

170.00 FT
.495 MM

.0010500 FT/FT

.106E-04 FT**2/SEC

3073. PPM BY WEIGHT
23339. TONS/DAY

I
I
I
I
I
I

.062 CP SECONDS EXECUTION TIME

13. JOB PROCESSING TIME:

To compile: 0.7 cpu sec

To execute: 0.04 cpu sec (batch)

0.064 cpu sec (interactive)
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ISHENHNG I

IREAD NDATA I

READ HYDRAULIC
DATA

DO FROM 1 PRINT INPUT DATA

TO NDATA

COMPUTE SEDIMENT
TRANSPORT RATE

IPRINT OUTPUT I

IEND I

Figure 1. Flow chart of Program SHENHNG.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Figure 2. Batch listing, Program SHENHNG.

0010
0020
0030
0040
OOSO
0060
00 '10
0080
0090
0100
0110
0120
Ol30
0140
0150
0160
0170
0180
0190
0200
0210
oao
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
03BO
0390
0400
0410
0420
0430
0440
0450
0460
04'10
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
05!l0
0590
0600
0610
0620
0630
0640
0650
0660---

APPROXIMATELY 0.7 SEC

LESS THAN 0.3 SEC

COMPUTATION OF SEDIMENT DISCHARGE IN
RIVERS HY SHEN AND HUNGS METHOD

SHEN, H.w. AND HUNG, C.S., "AN ENGINEERING
APPROACH TO TOTAL BEO MAT~RIAL LOAD BY
REGRESSION ANALYSIS," PROCEEDINGS, SEDI
MENTAfION SYMPOSIUM, BlRKEL~Y, 1971

Dt::VELOPED

REFERENCE

PUHPOSE

CORE USAGE

COMPILATION TIME

CENTRAL PROCESSOR
TIME FOR ONE SET
OF DATA

INPUT DATA

PROGHAM SHENHU
l(lNPUr,OUTPUT)

THE fIRST CARD CONTAINS THE VALUE OF NOATA IN FORMAT 15.
NOATA = NUMBER OF DATA SETS TO BE ANALYZED

THE SECOND AND SUCCEEDING CARDS CONTAIN THE HYDRAULIC AND
SEDIMENT DATA SETS IN THE FOLLOWING FORMAT:
(JFIO.2,Flu.3,FlO.7,E10.3)
V = MEAN VELOCITY (FT/SEC)
D = HYDRAULIC vEPTH (FT)
W = STREAM WIDTH (FT)
OM = MEDIAN SEDIMENT DIAMETER (MM)
5 = ENERGY SLOPE OF STREAM (FT/FT)
SNU = KINEMATIC VISCOSITY OF WATER (FTo*2/SEC)

PRINT 110
READ 120, NOATA
DO 100 I = 1,NDATA

READ 130, V,O,W,DM,S,SNU
PRINT 140, I,V,D,W,DM,S,SNU
UM = DM/304.8
VF = (SYRI (2./3. * 32.2 * 1.65
) - 6. 0 SNU)/OM
X = (V * 5 0 0 0.57/VF 0 0 0.32) 0 * 0.0075
CL = - 107404.459 + 324214.747 * X - 326309.589 0 X *
109503.87~ 0 X 0 0 3.
C = 10. 0 0 CL
Q = V 0 DOw
QS = C * I.E - 6 0 Q 0 62.4 * 43.?
PRINT l~O, C,US

CONTINUE
STOP

1

100

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
C
C

C

5H
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH
SH

* OM * * 3. + 36. * SNU 0 0 2.SH
SH
SH

* 2. + SH
SH
SH'
SH
SH
SH
SH
SH
SH

110 FORMAT (lHll/, 41H COMPUTATION OF TOTAL SEDIMENT DISCHARGE,I, 26HSH
1 ~Y SHEN AND HUNGS METHOU,II) SH

120 FOHMAT (15) SH
130 FORMAT (3FIO.2,FI0.3,FI0.7,EI0.3) SH
140 FORMAT (SX,4HSET ,I5/,5X,25HMEAN VELOCITY ,F12.2, SH

17H FT/S£C/,5~,25HHYORAULIC DEPTH ,F12.2,3H FTI,SX,25HSTRESH
2AM wIDTH ~. F12.2,3H FT/,5X,25HMEDIAN SEDIME~T OIAMErSH
3EH, F12.3,3H MM/,5X~2SHENERGY SLOPE ,F12.7,6H FT/FTSH
4/,SX, 2SHKINEMATIC VISCOSITY ,E12.3,10H FT oo2/SECII) SH

ISO FORMAT IlX,30HTOTAL SEDIMENT CONCENTRATION =,FI0.0,14H PPM 8Y WEIGSH
IHT/2X,30HTOTAL SEDIMENT DISCHARGE =,FI0.0,9H TONS/OAYIII) SH

-':;-"''''':-:~_''''''EN\)-- ------ ----.--.---- ------------------ _,.....,.;,.;,. SH

I
I
I

I

I

I

I

I

I

I

I
I

I

I

I

I

I

I
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THE FIRST CARD CONTAINS THE VALUE OF NDATA IN FREE FORMAT.
NUATA = NUMBER OF DATA SETS TO BE ANALYZED

I
I

I

I

I
I
I

I
I

I
I

I

I

I

I

I
I

0010
0020
0030
0040
0050
0060
OOlO
0080
0090
0100
0110
0120
0130
0140
0150
0160
ol"fO
0180
0190
0200
0210
11220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
04fO
0480
0490
0500
0510
0520
0530
0:;40
0550
0560
0570
0580
0590
0600
0610
0620
0630
0640
0650

i

SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
5HI
SHI
SHI
5HI
SHI
SHI
SHI
SHI
SHI
5HI
5HI
5HI
5HI
5HI
5HI
SHI
SHI
SHI
Stil
SHI
SHI
SHI
SHI
SHI
SI11
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI

* 3. + 36. * SNU * * 2.SHl
SHI
SHI

* 2. + SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI
SHI

APPROXIMATELY 0.7 SEC

LESS THAN 0.3 SEC

COMPUTATION OF SEDIMENT DISCHARGE IN
RIVERS BY SHEN AND HUNGS METHOD

SHE~, H.W. AND HUNG, C.S., "AN ENGINEERING
APPROACH TO TOTAl. BED MATERIAL LOAD ~Y

REGRESSION ANAI.YSIS." PROCEEDINGS, sEDI
MENTATION SYMPOSIUM, BERKELEY, 1971

CORE USAGE

COMPILATION TIME

CENTRAl. PROCESSOR
TIME FOR ONE SET
OF DATA

INPUT DATA

THE SECOND AND SUCCEEOING CARDS CONTAIN THE HYDRAUl.IC AND
SEDIMENT DAIA SETS IN FREE FORMAT
V = MEAN VELOCITY IFT/SEC)
D = HYDRAULIC DEPTH 1fT)
W = STREAM wIDTH 1FT)
UM = MEDIAN SEDIMENT DIAMETER IMM)
S = ENE~G1 SLOPE OF STREAM (FT/FT)
SNU = KIN~MATIC VISCOSITY OF WATER IFTII*2/SEC)

REFERENCE

PRINT 110
PRINT 120
READ II, NDATA
00 100 1 = 1,NOATA

PRINT 130
READ *. V
PRINT 140
READ *, D
PRINT I!)O
READ II, W
PRINT 160
READ *, 5
PRINT 170
READ .*, SNU
PRINT IbO
READ *, OM
PRINT 190, I,V,O.W,DM,S,SNU
DM = DM/304.8
VF = ISORfI2./3. II 32.2 * 1.65 * OM *
) - 6. II SNu)/OM
X = IV II S * * O.57/VF * * 0.32) II II 0.0075
CL = - 107404.459 + 324214.747 II X - 326309.589 II X *
109503.87~ * X II II 3.
C = 10. * II CL
Q = V * 0 * W
QS = C * I.E - 6 *;q* 62.4 * 43.2
PRINT 200, C,QS

CONTINUE

PURPOSE

"PROGRAM SHE"NHUI
l(!NPUT,OUTPlJrl

DEVEl.OPED

100
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
C
C
C

Figure 3. Interactive listing, Program SHENHNG.
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STOP SHI 06tiO
C SHI 0670

110 FORMAT (lHlll, 41H COMPUTATION OF TOTAL SEDIMENT DISCHARGE,I, 31HSHI 0680
1 BY SHEN AND HUNGS METHOO,II) SHI 0690

120 FORMAT (III, 32H START INPUT DATA IN FREE FORMAT,I/, 39H ENTER THESH! 0700
1 NUMBER OF SETS Of INPUT DATA) SHI 0710

130 FO~MAT (111111, 36H ENTER THE FOLLOWING HYDRAULIC DATA:,II, 3BH 5HI 0720
lAVERAGE VELOCITY IN FEEl PER SECOND) SHI 0730

140 FuRMAT (20H HYDRAULIC DEPTH IN FEET) SHI 0740
ISO FURMAT l 23H STREAM WIDTH IN FEET) SHI 0750
160 FOHMAT (2~H ENERGY SLOPE IN FEET/FEET) 5HI 0760
170 fORMAT (37H KINEMATIC VISCOSITY IN SQ.FT./SEC.) SHI 0170
180 FORMAT (33H MEDIAN BED MATERIAL SIZE IN MM) SHI 0780
190 FURMAT (115X,4HSET ,I5/,5X,25HMEAN VELOCITY ,FI2.2,7H fSHI 0790

IT/SECI,5X,~5HHYDRAUL1CDEPTH ,FI2.2,3H FT/,SX,25HSTREAM WSHI 0800
2IuTH ,FI2.2,3H FT/,SX,2SHMEDIAN SEDIMENT DIAMETER ,FI25HI 0810
3.3,3H MM/,5X,2SHENERGY SLUPE ,FI2.7,6H FT/Ff/,5x,25HK1SHI 0820
4NEMATIC VISCOSITY ,£12.3'10H FTo*2/S£CII) SHI 0830

200 FUNMAT (2X,30HTOTAL SEDIMENT CONCENTRATION ;,F10.0,14H PPM 8Y WEIGSHI 0840
IHr/2X,30HTOTAL SEDIMENT DISCHARGE ;,fl0.0,9H TONS/OAYI/I) SHI 0850

ENO SHI 0860
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ELECTRONIC COMPUTER PROGRAM ABSTRACT

TITLE OF PROGRAM: TOFLTI PROGRAM NO.:

PREPARING AGENCY: Simons and Li Engineering

AUTHORS: R. M. Li, R. K. Simons, D. B. Simons

DATE PROGRAM COMPLETED: September, 1979

STATUS OF PROGRAM: Phase - original, Stage - operational

A. PURPOSE OF PROGRAM: To compute sand discharge in rivers by Toffaleti's

Method. References: (a) Toffaleti, F. B., "Definitive Computations

of Sand Discharge in Rivers," ASCE Journal of the Hydraulics Divi

sion, January, 1969; (b) Simons, D. B., and F. Sent~rk, Sediment

Transport Technology, Water Resources Publications, Fort Collins,

Colorado, 1977.

B. PROGRAM SPECIFICATIONS:

Language: ANSI Fortran IV

Solution Requirements: Input data

Method of Analysis: Computer application of Toffaleti's method

Size of Object Program: 21,060 characters

External Storage: None

Restrictions: None

General Equations: (See Reference)

Range of Quantities: Unlimited

Accuracy: N/A

Dimension System: English (except for input sediment size)

C. METHODS: The program is written in Fortran IV in both batch and time

share modes. Program stops would be unprogrammed resulting from

improper input variables.
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D. EQUIPMENT DETAILS: The program was developed on a CDC Cyber 172, but

can operate on any compatible system. No special computer equipment

is required. Normal configuration of CPU, reader and printer are

necessary to run the program in the batch mode.

E. INPUT-OUTPUT: Inpur requirements are: The number of data sets,

number of sediment size fractions, size distribution type, frequency

of sediment data input parameter, mean velocity (ft/sec), hydraulic

depth (ft), stream width (ft), water temperature (oF), sediment

particle size for which 65 percent of the sample is finer (rom),

energy slope (ft/ft), kinematic viscosity of water (ft2/sec), either

sediment sizes (rom) and their respective percentages or a median

particle size (rom) and a gradation coefficient.

F. ADDITIONAL REMARKS: Comparison of approximately 600 cases of computed

versus measured loads that covered a very wide range of conditions

shows that the Toffaleti procedure is consistently satisfactory for

the conditions tested (Simons and Senturk , 1977).

I
I
I
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PART I: ENGINEERING DESCRIPTION

1. PROGRAM NO. :

2. TITLE: TOFLTI

3. REVISION LOG: N/A

4. PURPOSE OF PROGRAM: To compute sand discharge by Toffaleti's method.

References:

a) Toffaleti, F. B., "Definitive Computation of Sand Discharge in

Rivers," ASCE Journal of the Hydraulics Division, January, 1969.

b) Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

5. STEP SOLUTION:

a) The input variables are:

1 - Number of data sets (NDATA)

2 - Number of sediment size fractions (NSED)

3 - Sediment size distribution type (IDIST)

if IDIST = 0, read in sizes and percentages. Also read in

D
65

, the sediment size for which 65% of the sample is finer.

if IDIST = 1, a lognormal distribution is assumed. Read in

median particle size and gradation coefficient.

4 - Sediment input frequency parameter (ISED)

if ISED = 0, same sediment distribution is used for all flow

conditions

if ISED = 1, a different size distribution is used for each

flow condition

5 - Mean velocity 01), ft/sec

6 - Hydraulic depth (HR), ft

7 - Hydraulic width (W), ft
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fractions)

by steps as given in Toffaleti (see Reference a).

(SI) = SS x HR x CZ (CZ from Figure 3, Toffaleti)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

HR
2.5

YB

vV = --~--
2 Ic'D65'S

V3
V =-~--

3 IG'SNV'S

VI from Toffaleti's Figure 4 (subroutine TFIG4)

V' = l AM = 10 V'
* VI *

o8 - Water temperature (TDF), F

HRYA = 11.24

12 A percentage array corresponding to sizes (ZI), decimal

13 - The 65% finer sediment size (D65) , mm

Step 1. Compute:

Find

OR 11 - Median sediment size (D50), mm

12 - Gradation coefficient (SIGMA)

b) After input of required data computations of sand discharge begins

9 - Energy slope (S), ft/ft

10 - Kinematic viscosity of water (SNU), ft 2/sec

EITHER 11 - An array of sediment sizes (DM), mm

p 1/ 3
PAM = -==

AM

(P = 105 SNV, SNU in ft 2/sec) I
I
I
I



5

Step 4.

W stream width

(DD = 2* particle diameter)

fraction of material in ith size,

Equation. See Simons and Senturk, 1977)

(VF is the fall velocity computed by Rubey's

0.6= -----"----"-----,--
T A DM(I) 5/3
(c )

V2 x 0.0058

c = ZI(I) WX ZI(I)

GF(I)

T = 1.10 G (0.00158 + 0.0000028 TDF)

ZOM = VF x V
(SI)

xc = F4 GF(I)
(YA) F4 _ ImF4

Check point: If ZOM < 1. 5 ZV' use ZOM = 1. 5 Zv

(ZV 0.1198 + 0.00048 TDF, where TDF is water temperature)

ZOL = 0.756 ZOM

ZOU 1.5 ZOM

ZOL Zv = Fl

ZOM Zv F2

ZOU Zv = F3

1 F1 F4

1 F2 = F5

1 F3 F6

Step 3.

Steps 2 - 10 require separate computation for each sediment size

Step 5.

Step 2.

From Figure 1 (Toffaleti), evaluate A.

(In the program, Figure 1 is approximated by a series of equations)

I
I

'I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



or

GA = GF(I) 21(1) W + Bedload

Step 8.

YB
(C/F5) YAF2- Fl (YBF5_YAF5)For Y ] GB =

YA

Step 9.

HR
(C/F6) YAF2- Fl YBF3- F2 (HRF6_YBF6 )For Y ] GC =

YB

Step 10.

HR
For Y ] GT = GA + GB + CC

0

6. ACCURACY: N/A

6

Bedload = Bedload (lOO/UBL)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

o < Y < YA

Cv = 1 + Zv

YA C F4 F4
] GA = - (YA - DD ) + Bedload ,o F4

Bedload

XCUBL = -_...::::.::....-_.,...

43.2 UD DDFI

Z
UD = Cv V(~~) V

For Y

Step 6.

Step 7.

If UBL > 100 pef, the bed load is adjusted.
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PART II: COMPUTER FUNCTIONAL DESCRIPTION

1. REVISION LOG: N/A

2. FUNCTIONAL FLOW CHART: (See Figure 1)

3. EQUIPMENT AND OPERATING SYSTEM: The program was developed on a CDC

Cyber 172. Normal configuration of CPU, reader and printer are nec-

essary to run the program in batch mode.

4. INPUT REQUIREMENTS: The program is written for either time-share or

batch processing mode. The source listing (Figure 2) is for the

batch mode. Figure 3 is the interactive mode listing.

5. SECONDARY STORAGE INPUT FORMAT: None

6. INPUT DATA DESCRIPTION: The following variable names are used for the

input variables.

NAME DESCRIPTION FORMAT

NDATA Number of data sets Fs Card 1

NDED Number of sediment size fractions IS Card 2

IDIST Sediment size distribution type IS Card 2

ISED Frequency of sediment data input IS Card 2

V Mean velocity (ft/sec) FlO.3 Card 3

HR Hydraulic depth (ft) FlO.3 Card 3

W Stream width (ft) FlO.3 Card 3

TDF Water temperature (OF) FlO.3 Card 3

S Energy slope (ft/ft) FlO.7 Card 3

2SNU Kinematic viscosity of water (ft /sec) ElO.3 Card 3
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EITHER IDIST = 0

DM(I) Array of sediment sizes (mm)

ZI(I) Corresponding percentages (decimal
fraction)

D65 The 65% finer bed material size (mm)

OR IDIST = 1

10F8.4 Card 4

10F8.4 Card 5

F8.4 Card 6

I
I
I
I
I

8. OUTPUTS: Printed output generated by the program includes the

10. PROGRAM ERROR MESSAGES: None - Program stops would result from

7. SUMMARY OF REQUIRED CARDS: See 6

11. VARIABLE DEFINITIONS:

I
I
I
I
I
I
I
I
I
I
I
I
I
I:

Card 4

Card 4

FlO.5

FIO.5

correction factor for models

correction factor

bed load (tons/day)

temperature related parameter

parameter used in evaluating U
l

parameter used in evaluating U
l

2*DM (ft)

input bed material sizes (mm converted to ft in program)

a parameter used in evaluating U
l

ZI*W*XC

velocity distribution parameter, CV=l+ZV

10 U~ where U~ = particle shear velocity

bed material sizes for which 0 5 - 95% of the sample
is finer

Median sediment size (mm)

Gradation coefficientSIGMA

D50

C

AC

ACOR

CEF

improper data input.

AM

BQL

pertinent input data and the sediment transport rate.

CZ

CV

Cl

C2

D05-D95

DD

DM

9. OPERATOR INSTRUCTIONS: None



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

D65

FQL

Fl,F2,F3

F4,F5,F6

G

GA

GB

GC

GF

HR

IDIST

ISED

NDATA

NSED

P

PAM

S

SI

SIGMA

SNU

SQL

SQLP

TBQL

TC

9

bed material size for which 65% of the sample is finer

total sediment load

exponents in point load equations for lower, middle
and upper zone, respectively

exponents in integrated load equations for lower,
middle and upper zones, respectively

2acceleration of gravity (ft/sec )

sand load in lower zone (tons/day)

sand load in middle zone (tons/day)

sand load in upper zone (tons/day)

nucleus load computed for a unit width in lower zone
assuming bed composed entirely of one size fraction
(tons/day/ft)

hydraulic depth (ft)

sediment size distribution type

frequency of sediment data input parameter

number of data sets

number of sediment size fractions

kinematic viscosity of water times 105

parameter used to evaluate AC

energy slope (ft/ft)

parameter used in evaluation of ZDM

gradation coefficient

2kinematic viscosity of water (ft /sec)

suspended load in each size fraction

middle and upper zone loads for each size fraction

total bed load (tons/day)

expansion of TP to include weight and shape factors



TDF

TP

TQL

TSQL

TSQLP

UBL

UD

Ul

U2,U3

U3L,U3R,U3X

v

VF

VSP

w

xc

YA

YB

Z1

ZOL

ZOM

ZOU

ZV

10

water temperature (OF)

a parameter including constants and shear forces
dependent on temperature

total load (tons/day)

total suspended load (tons/day)

sum of middle and upper zone loads (tons/day)

concentration of bed load assuming bed material all one

size (lbs/ft
3

)

point velocity at point 2 grain diameters from bed (ft/sec)

correlation of velocity and shear velocity as a
function of U2 and D3

parameters for evaluating shear velocity

parameters in evaluating Dl

mean velocity (ft/sec)

fall velocity (ft/sec)

ratio of mean velocity to Dl

stream width (ft)

product of factors included in formulation for zonal
point loads

HR
distance to upper limit of lower zone (11.24)' (ft)

HR
distance to upper limit of middle zone(2.S)' (ft)

size fraction percentage array

exponent in sand concentration distribution equation
in lower zone

exponent in sand concentration distribution equation
in middle zone

exponent in sand concentration distribution equation
in upper zone

exponent of velocity distribution

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I 12. EXAMPLE CASE:

a) Batch mode

TOTAL BED L.OAD 1075. SUS LOAD
•081 CP SECONDS EXECUTION TIME

8547. TONS/MY

649.2
2228.7
36:57.7
2031.4

TOTAL LOAD
(TONS/DAY)

3f.l4.9
i707.a
3371.6
~.!007.6

SUSPENDED L.OAD
(TONS/DAY)

TOTAL BED-MATERIAL L.OAD7472 •

264.3
520.f.l
:~66 .1

2:3.8

BED LOAD
(TONS/DAY)

6.63FT/SEC,
2.5() FT

170.0() FT
70~0() DEG F

.370 MM
.00105000 FT/FT

.11E-04 FT**2/SEC,

.18

.40

.32

.06

FRACTION

COMPUTATION OF SAND DISCHARGE
BY TOFFALETIS METHOD//

SET 1
AVERAGE VELOCITY
HYDF~AULIC DEPTH
WATER SURFACE WIDTH
WATER TEMPERATURE
D65
ENERGY SLOPE
KINEMATIC VISCOSITY

.49~;O

.35l0

.2480

.1750

SEDIMENT SIZE
(MM)

I

I
I

I

I
I

I b) Interactive mode (see pages 12 and 13).

13. JOB PROCESSING TIME:

I To Compile: 4.1 cpu sec

I
To Execute: 0.08 cpu sec (batch)

0.147 cpu sec (interactive)

I
I
I
I
I
I
I
I



Example case, interactive mode.

COMPUTATION OF SAND DISCHARGE
BY TorFALETIS METHOD

START INPUT DATA IN FREE FORMAT

ENTER THE NUMBER OF SETS OF INPUT DATA
" 1

SET SIZE DISTRIBUTION TYPE, IDIST = 0 OR 1
ENTER 0 IF THE SEDIMENT SIZES AND PERCENTAGES DEFINING THE SEDIMENT SIZE DISTRIBUTION ARE TO BE READ IN
ENTER 1 IF THE LOG-NORMAL SEDIMENT SIZE DISTRIBUTION IS TO BE EVALUATED

" 0

ENTER 0 IF SEDIMENT DATA WILL NOT BE CHANGED FOR DIFFERENT HYDRAULIC CONDITION
ENTER 1 IF THE SEDIMENT DATA ARE TO BE READ OR COMPUTED FOR EACH HYDRAULIC CONDITION

" 0

ENTER THE FOLLOWING HYDRAULIC DATA:

AVERAGE VELOCITY IN FEET PER SECOND
" 6.63

HYDRAULIC RADIUS IN FEET

WATER SURFACE WIDTH IN FEET
1 170

WATER TEMPERATURE IN DEG. FAHRENHEIT
" 70.

ENERGY SLOPE IN FEET/FEET
l' .0010~.i

KINEMATIC VISCOSITY IN sa.FT./SEC.
" .0000106

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



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

----~.._---------_.

IDIST-O ENTER THE FOLLOWING BED ~ATERIAL DATA:

NUMBER OF SEDIMENT SIZE FRACTIONS, NSED
1 4

GEO MEAN SIZE IN MM REPRESENTING THE ITH FRACTION AND THE PERCENT WEIGHT OF THE ITH FRACTION
CDMCI),ZICI),I-l,NSED)

1 .495, .178
1 .351, .402
1 .248,.320
1.175, • 0~i8

THE 65% FINER DIAMETER IN MM, D65
..1 .37:..

SET 1
AVEr,AGE VELOC lTY-- - - - --- -------0;. iST"FT7·'C'br;U,....,----
HYDRAULIC DEPTH 2~50 FT
WATER SURFACE WIDTH 170.00 FT
WATER TEMPERATURE 70.00 DEG F
D65 .370 MM
ENERGY SLOPE .00105000 FT/FT
KINEMATIC VISCOSITY .IIE-04 FT**2/SEC

SEDIMENT SIZE
CMM)

.4950

.3510

.2480

.1750

FRACTION

.18

.40

.32

.06

BED LOAD
CTfJNS/DAY)

264.3
5~!0. 8
;!66.1
2~~ .8

..
SUSPENDED LOAD

(TONS/DAY)

384.9
1707.8
3311.6
~~007 .6

TOTAL LOAli
(TONS/DAY>

649.2
2228.7
363'7.7
2031.4

TOTAL BED LOAD - 1075. SUS LOAD
.147 CP SECONDS EXECUTION TIME

7472. TOTAL BED-MATERIAL LOAD 8547. TONS/DAY
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Figure 1. Flow chart of Program TOFLTI.

IPROGRAM TOFLTII

i
READ INTEGER DATA

NDATA, NSED, IDIST, ISED

!
READ FIRST SET OF HYDRAULIC DATA:

V, HR, W, TDF, S, SNU

~
PRINT INPUT DATAl

J
READ FIRST SET OF SEDIMENT DATA

AND CALCULATE FALL VELOCITIES
SUBROUTINES SEDIN, LOGNOR

I

*READ SUBSEQUENT SETS OF
HYDRAULIC DATA

!
READ SUBSEQUENT SETS OF

SEDIMENT DATA IF ISED = 1
SUBROUTINES SEDIN, LOGNOR

!
FROM

COMPUTE ALL PARTSNDATA OF STEP 1
SUBROUTINE TFIG4 EVALUATES U1

I
.l.

COMPUTE ALL PARTS
OF STEPS 2-10

REPEAT FROM I

1 TO NSED "
PRINT OUTPUT DATA

END

REPEAT
1 TO
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CUMPUTATION OF THE SEDIMENT LUAU (TONS/DAY) BY TOFFALETIS METHOD

PKINT 150
Rt::AD 160, NDATA ),.:
ReAD 110, NSEO,IDIST,ISED
READ 180, V,HR,W,IDF,S,SNU
CALL SEOIN
DU 140 IDATA = 1,NDATA

IF (lDATA.EU.ll GO TO 100

CORE USAGE

COMPILATION TIME APPROXIMATELY 4.1 SEC

CENTRAL PROCESSOR
TiME fOR ONE SET
OF DATA APPROXIMATELY 0.12 SEC

INPUT DATA

THE FIRST CARD CONTAINS THE VALUE OF NDATA IN FORMAT IS. NDATA
IS THE NUM~ER OF SETS OF INPUT DATA TO BE ANALYZED BY TOFfALETI~S

Mt::THOO.

THE SECOND CARD CONTAINS THE VALUES OF NSED,IOIST, AND ISED IN
FURMAT 315.
NSlD = THE NUMBER OF SEDIMENT SIZE FRACTIONS
IuIST = THE SEDIMENT SIZE OISTRI8UTION TYPE

IF IUIST = 0 READ IN SEDIMENT PARTICLE SIZES AND
COHRt.SPONDING P£RCENTAGt.S (lOF8.4) ANU D6S(MM) (F8.4)
IF IOIST = 1 A LOGNORMAL DISTRIBUTION IS ASSUMED
READ IN 050 (MH) AND THE GRADATION COEfFICIENT,
SIGMA (2FlO.5)

I5ED = FREWut.NCY Of SEDIMENT DATA INPUT PARAMETER
If ISEO = 0 THE SAME SEDIMENT SIZE DISTRIBUTION IS
USED FOR ALL FLOW CONDITIONS BEING ANALYZED
IF ISED = 1 A DIFFERENT SEDIMENT SIZE DISTRIBUTION
IS U~ED FOR EACH FLOw CONDITION

HYDRAULIC DATA (SFlO.3,FlO.7,EI0.3)

V = MEAN VELOCITy (FT/SEC)
HK = HYDRAULIC DEPTH (FT)
W = STREAM WIDTH (fT)
TDF = WATER TEMPERATURE (DEG. fAHRENHEIT)
S = FRICTION SLOPE
SNU = KINEMATIC VISCOSITY OF wATER (FT**2/SEC)

COMPUTATION Of SAND OISCHARGE IN RIVERS BY
TOFfALETIS METHOD

0010
0020
0030
0040
0050
0060
0010
0080
0090
0100
OUO
0120
0130
U140
0150
0160
0170
0180
0190
0200
OZ10
0220
0230
U240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0510
0580
0590
0600
0610
06Z0
0630
0640

TOF
TOF
TOF
TOF
TOF
TOF
TOt
TOf
TOF
TOt
TOF
TOF
TOf
TOF
TOr
TOf
TOF
TOf
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOf
TOf

,TOf
TOf
TOf
TOF
TOF
TOf
TOf
TOF
TOF
TO~'

TOF
TOF
TOF
TOF
TOF
TOf
TOF
TOF
TOF
TOF
TOF
TOf
TOF
TOF
TOf
TOF
TOf
TOF
TOf
TOf
TOf
TOf
TOF
TOf
TOf
TOr:
TOF

DM(20)
065
SQL(20)

IOIST
SNU
BQL(20)

NSEO
, VF(20)

GF(ZO)
, SQLP(20)

TOFFALETI, FRED B., "DEFINITIVE COMi>iJTATIONS
Of SAND DISCHARGE IN RIVERS," ASCE JOU~I'JAL

OF THE HYDRAULICS DIVISION, JAN., 1969

REFERENCE

PURPOSE

CUMMON ISEOI
1 ZI (20)

DIMENSION
1 FQL(20)

PROGRAM TOfUI
1 ( INPU T,OUTPUT)

DEVELOPED

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
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

I

I

I

I

I

I

I

I

I

I
I
I

I

I

I

I
Figure 2. Batch listing, Program TOFLTI.

I
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READ 180, Y,HR,W,TOF.S.SNU -rOF 0650-
IF (ISEO.EQ.O) GO TO 100 TOF 0660
CALL SEOIN TOF 0670

100 CONTINUE TOF 06BO
PRINT l~O, IOATA,V,HR,W,TOF,065,S,SNU TOF 0690

e TOF 0700
e SIEP 1 TOF 0710
C TOF 0720

065 = 065/304.8 rOF 0730
6 = 32.17 TOF 0740
YA = HR/l1.24 TOF 0750
Y8 = HR/2.5 TOF 0760
ez = 260.67 - 0.667 * TOF TOF 0770
SI = S * HR * CZ TOF 0780
U2 = V/~Q~T(G * 065 * S) TOF 0790
U3 = V * *3/(6 * SNU .. S) TOF 0800
CALL TFIG4 W1,U2,U3) TOF 0810
VSP = V/U1 TOF 0820
AM = 10. * YSP TOF 0830
P = SNU * 10. * .. 5 TOF 0840
PAM = P * * (1./3.)/AM TOF 0850
Zv = 0.1198 + O.0004~ * TOF TOF 0860
CV = 1. + ZV TOF 0870
IF (PAM.LE.O.S) AC = 9.86/(pAM) * * 1.51 TOF 0880
IF (PAM.Lt.0.67.ANO.PAM.GT.O.5) AC =39.1 * PAM * .. 0.482 TOF 0890
IF (PAM.LE.0.72.ANO.PAM.GE.0.61) AC = 338... PAM * ... 5.87 TOF 0900
IF (PAM.LE.l.28.AND.PAM.GT.0.12) AC = 49. TOF 0910
IF (PAM.GT.l.28) AC = 24.8 .. PAM" .. 2.76 TOF 0920
FAe = PAM * 5 * 065 .. 10. * * 5 .TOF 0930

e TOF 0940
e CHECK POINT TOF 0950
e TOF 0960

IF IFAC.Lf.0.25) GO TO 110 TOF 0970
IF (FAC.GT.O.2S.AND.FAC.LT.0.35) ACOR = 5.08 * FAC * * 1.16 TOF 0980
IF IFAC.Gc.O.3~) ACOR = O.S/FAC" * 1.05 TOF 0990
AC = AC .. ACOR TOF 1000
IF IAC.LT.16.) AC = 16. TOF 1010

110 CONTINUE TOF 1020
T8QL = O. TOF 1030
TSQL = o. TOF 1040
TQL = O. TOF 1050
TSQLP = O. TOF 1060
DO 120 I = 1,NSEO TOF 1070

C TOF 1060
C 5 rEP 2 TOF 1090
C TOF 1100

ZOM = VF <I) * V/SI TOF 1110
C TOF 1120
C CHECK POINT TOF 1130
C TOF 1140

IF (ZOM.LT.ll.S .. ZV» ZOM = 1.5 .. Iv TOF 1150
ZOL = u.756 .. lOM TOF 1160
lOU = 1.5 .. lOM TOF IHO
Fl = ZOL - ZV TOF 1180
F2 = ZUM - LV TOF 1190
F3 = lUU - ZV TOF 1200
F4 = 1. - FI TOF 1210
FS = 1. - F2 TOF 1220
F6 = 1. - F3· TOF 1230
DO = 2... OM I I )'1,. TOF 1240
TP = G .. 10.00158 + 0.0000028 ... TOF> TOF 1250
TC = 1.10 .. H' TOF 1260

C TOF 1270
e STEP 3 rOF 1280
e TOF 1290

GFII) :c O.600/lTC. AC II Dt-HIl/IY" * 2 * 0.00051:1» * .. ISTOF 1300

I
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1310--'
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
14Z0
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
16Z0
1630
1640
1650
1660
1670
1680
1690
1100
1110
1720
1730
1140
1750
1760
1170
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
19Z0
1930
1940
1950

it F51/fS

* F41

FIl

TOf
TOf
TOF
TOF
lOf
TOf
TOF
TOF
TOF
TOF
TOF
TOF
TOf
TOf
TOF
TOf
TOf
TOF
TOF
TOF
TOf
TOF
TOF
TOf
TOF
TOF
TOF
TOf
TOf
TOF
TOF
TOF

it If3 - fZl it IH~ it it F6TOf
TOf
TOF
TOf
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOf
TOF
TOF
TOf
TOf
TOF
TOF
lOF
TOf
TOf

OF SAND OISCHARGE/9X,ZlHBY TOFfALETOF
TOF
TOf
TOf
TOf

,F12.Z. TOF
FT,/5X, ZTOf
TEMPERAT URETOf

, TOf
,fll.8,6H fT/FT,/5xTOF

,EIZ.l,10H FT**2/SEC/l TOF

it F4 - DO it

IF IUBL.GT.IOO.1 8QLIIl = i:SQ"L(Il * IOO./UBL

GC = C it VA * it (Fl - Fil it YB it

- YB * it F6l/F6

C = ZI(II it w * XC

xc = F4 * GFIII/IYA *

8QLIll = C * 00 it * F4 ,
UD = CV * V * IOO/HRl it * ZV
UBL = XC/143.c * UO * 00 it it

SQL(Il = GA + G8 + GC
FOU 11 = SQL< I l + BQL< 1)
SyLP(Il = GB + GC
TSQLP = TSQLP • SQLP(II
TSQL = T8QL + SOL(Il
TSQL = TSQL + SOLIIl
TQL = TQL + FOL(II

CONTINUE
PRINT ZuO
DO 130 1 = I,NSED

OM(Il = UM(lI it 304.8
PRINT 220, OM(Il,ZI(Il,SQL(Il,SQLlll.FQL(II

CONTINUE
PRINT 210, T8QL,TSQL.TOL

CONTINUE
STOP

COMPUTATION Of THE SEDIMENT LOAD

STEP 7

GA = GFIIl it ZI< I l * \II

STEP 8

GB = C it VA it it (fZ - fil it (YB it it FS - YA it

STEP 9

STEP 10

CHECK POINT

SIEP 6

STEPS

STEP 4

1

150 FORMAT (lHlII19X.Z9HCOMPU1ATION
1115 METHODlll

160 FUHMAT 1151
170 fURMAT 13151
180 FORMAT (4FIO.3.FI0.7,EIO.31
190 FORMAT (~~,4rlSET .I5/~X.27HAVERAGE VELOCITV

1 7HFT/SEC,/~X.27HHYDRAULIC DEpTH ,fI2.2.3H
21H~ArER SURFACE wIDTH ,FIZ.2,3H FT,/5X,27HWATER
3 .FIZ.2.bH OE& f,/5X,Z7HDbS
4 F12.3,3H MM,/5X,~lHENERGY SLO~E

5 .27HKIN~MATIC vI~COSITY

140

130

120

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;;-t·'~- ../3 ."-r--.
C
C
C

I

I

I
I

I

I

I

I

I

I
I

I
I

I

I
I
I
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200 FUHMAT (3X,ljHSEOI~ENT SI1E,8X.BHFRACTION,lOX,8H~EU LOAD'/A,14HSUSTOF 1960
IPf.NDE.OLOAU, ~X ,"1 OHTOftlt--LOAD ;/6X;4H (MMi,31X-, 1OHCWNS/OArh1X,lOH( nOF-i910--
20NS/UAY),9X,10H(TONS/DAY),/) TOF 1980

210 FURMAT (/3X,16HTOTAL BED LOAD =,F9.0,3X,10HSUS LOAD =,F9.0,3X, 25HTOF 1990
ITUTAL BED-MATERIAL LOAD =,F9.0, 9H TUNS/DAY) TOF 2000

220 FU~MAT (2X,F~.4,fI9.2,3f19.1) TOf 2010
ENU TOF 2020

-TOF
SUtlROUTINE SEDIN TOF 2030
COMMON /SED/ NSED , IOlST OM (20) TOF 2040

1 ZI(20) , VF (20) , SNU 065 TOF 2050
IF (IOIST.EQ.O) GO TO 100 TOF 2060
NSED = 10 TOF 2070
RI:.AO 130, D50,SIGMA TOF 2080
CALL LOGNOR (050,SIGMA) TOF 2090
GO TO 110 TOf 2100

100 READ 140, (OM (I) ,I = 1,NSEO) TOF 2110
READ 140, (ZI(I"l = l,NSEO) TOF 2120
READ 140, 065 TOF 2130

110 CONTINUE TOF 21'+0
C TOF 2150
C CALCULATE FALL VELDC lTY USING RUBEY~S EQ.(SEE SIMONS&SENTURK) TOF 2160
C TOf 2170

00 120 I = 1,NSED TOF 2180
OM (I) = DM(1)/304.8 TOF 2190

120 Vf (I) = (Sl.olt:n (2./3. * 32.2 * (2.65 - 1. ) * OM(I) * * 3. + 36. * STOF 2200
INU * * 2.) - 6 • • SNU)/OM(l) TOF 2210

RETURN TOf 2220
C TOF 2230

130 FORMAT (2flO.S) TOF 2240
140 FURMAT (10F8.4) TOF 2250

ENU TOF 2260
=TOF

SUBROUTINE LOGNOR <050, SI GMI\) TOF 2270
CUMMUN ISEUI NSEU , IOIST , OM(20) TOF 2280

1 LI (20) , VF(20) , SNU , 065 TOF 2290
095 = 050 • SIGMA * it 1..645 TOf 2300
090 = 050 it SIGMA * * 1.285 TOF 2310
080 = 050 it SIGMA * o 0.845 TOF 2320
0(0 = 050 0 SIGMA 0 • 0.525 TOF 2330
UoO = 050 • SIGMA * • 0.255 TOF 23.. 0
040 = D50/SIl,jMA it it 0.255 TOF 2350
030 = 050/SIijMA it • 0.525 TOF 2360
OcO = 050/SIijMA • 0 1l.l:l4S TOF 2370
010 = 050/SIliMA * it 1.285 TOf 2380
005 = D50/51ijMA it • 1.645 TOF 2390
UM (1) = SQRT <D05 • 010) TOf 2400
OM(2) = 5QtH (010 o (20) TOF 2410
DM(3) = SQiH <020 0 030) TOF 2420
OM(4) = SQRT <030 it 040) TOF 2430
OM(S) = 5QR r (040 it (50) TOF 2440
01'1(6) = SQRT (050 * 060) TOF 2450
OM (7) = SQ~ r (060 • (70) TOF 2400
OM(8) = SQkT<D70 0 UdO) TOF 2470
OM(9) = SQKT <D80 o (90) TOF 2480
OM (10) = Sl,lR r <090 * (95) TOf 2490
OU 100 I = 1tl 0 TUf 2500

100 ZI (I) = 0.1 TOF 2510
06~ = D50 • SIGMA it * .385 TOF 2520
RE.rURN TOf 2530
END ;: ~ TOF 2540

=TOF
SU8ROUTINE TfIG4 (Ul,U2,U3) TOf 2550

C TOr- 2560
C THIS SUi:lROUTINE APPROXIMATES FIG.4 OF TOfFALETIS SAND DISCHARGE TOF 2570
C COMPUTATION TOF 2580
C TOF 2590

I
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, __ Li -. If-- (t)2-.tT-.50\l.t- GO---TO-IOO--"--·--·---:----·------ ~.-- -. -·---·------------'4--yOP----fb(tO-
, CEf = 1.0 rOF 2610

GO TO 110- rOF 2620'1
100 CEF = 0.92 rOf 2630
110 C = 21.9 + 9.7 * ALOGI0( WZ/SOO.) * * CEn TOF 2640

U3L = 2.16 + 0.23 *- C TOf 2650,
U3R = 3.32 + 0.23 * C TOf 2660
U3X = ALOGIO W31 TOF 2670-'1
If W3X.GT.U3R) GO TO TOf 2680.1
IF W3X.LT .U::lU GO TO 130 TOf 2690 ;;;1
Cl = - «U3R - U3U/2.) * * 2 rOf 2700'_:;;
C2 = lU3R + U3L) 12.)", TOf 2710 :ii
Ul = lU3X - C21 * * 2/Cl + TOf 2720 :,'",1
GO TO 140 TOf 2730~~

120 Ul = C TOf 2740~
GO TO 140 rOf 2750"1

130 Ul = lU3X - 2.17>/0.23 TOf 2760,:.;~
140 RETURN TOF 2770:;~;

END rOF 2780't1
~~._.~.J.',~•..;..A-.~ ;,.j'::::,), ;<;~~



Figure 3. Interactive listing, Program TOFLTI.

c
C COMPUTATION OF THE SEDIMENT LOAD ITONS/DAY) BY TOFFALETIS METHOD
C

20
I
I

TOFIOOIO
TOFIOO20 ITOFIOOJO
TOfIOO40
TOFIOO50
TOfIOOoO

ITOF!OO70
TOFIOOeO
TOfIOO90
TOnOIOO
TOFIOllO ITOfIOl20
TOFIOl30
TOfIOl40
TOFIOISO

ITOfIOloO
TOFIOl70
TOFIOISO
TOFIOl90
TOFI0200 ITOFI0210
TOFI0220
TOFl 0230
TOFI0240

ITOFI0250
lOFI0200

ITOFI0270
TOFI0260
TOFI0290

ITOFl0300
TOFI0310
TOFI0320
TOFI0330
TOFI0340 ITOF!03S0
TOFl 0360
TOFlO370
TOFI0380

ITOFl 0390
TOFI0400
TOFl0410
TOFI0420
TOFl 0430 ITOFI0440
TOFI04S0
TOFI0460
'TOFI0470

ITOFl 0480
TOFl0490
TOn 0500
TOFI0510
TOFI0520 ITOFI0530
TOFI0540
TOFIOS50
TOFIUSbO

ITOFIOS70
TOFI0580
TOFIOS90
TOFI0600
TOFI0610

ITOFI0620
TOFI06JO
TOFI0640
TOFIOo50

I
I
I

DM(ZO)
065
SQL(20)

, lUIST
SNU
8QL (20)

NSED
, VF(20)

GF(20)
, SQLP(201

COMPUTATION OF SAND DISCHARGE IN RIVERS BY
TOFFAL£TIS METHOD

TOFFALETI, fHEDS., "DEFINITIVE COMPUTATIONS
OF SAND DISCHARGE IN RIVERS," ASCE JOU~NAL

OF THE HYORAULICS OIVISION, JAN., 1969

pUIo(POSE

REFERENCE

CORE USAGE

COMPILATION TIME APPROXIMATELY 4.1 SEC

CENTRAL PROCESSOR
TIME FOR ONE SET
OF DATA APPROXIMATELY 0.12 SEC

INPUT DATA

THE FIRST CARO CONTAINS THE VALUE OF NUATA IN FREE FORMAT. NDATA
IS THE NUMbER OF SETS OF INPUT DATA TO BE ANALYZED BY TOFFALETI~S

METHOO.

PRINT 150
PRINT 160 -
READ *, NDATA

;- ..

PkINT 170
READ *, IDIST
P~lNT 180
READ ., 15ED

THE SECOND AND THIRD CARDS CONTAINS THE VALUES OF IDIST AND ISED
FHEE FORMAT.
IulST = THE SEDIMENT SIZE DiSTRIBUTION TYPE

IF IUIST = 0 READ IN SEDIMENT PARTICLE SIZES AND
CORRESPONOING PERCENTAGES
IF 1UIST= 1 A LOGNORMAL DISTRIBUTION IS ASSUMED
READ IN D~O (MM) AND THE GRADATION COEFFICIENT,
SIGMA

ISED = FREQuENCY OF SEDIMENT DATA INPUT PARAMETER
IF ISED = 0 THE SAME SEDIMENT SIZE DISTRI8UTION IS
USED FOR ALL FLOW CONDITIONS BEING ANALYZED
IF ISED = 1 A OIFFE~ENT SEDIMENT SIZE DISTRIBUTION
IS USED FOR EACH FLOW cONDITION

HYORAULI C DA rA

v = MEAN VELOCITY IFT/SEC)
HR = HYDRAULIC DEPTH 1FT)
W = STREAM WIDTH (FT)
TUF = WATER TEMPERATURE (DEG. FAHRENHEIT)
DbS = SEDIMENT PART~CLE SIZE FOR WHICH 65~ OF THE SAMPLE

,IS FlNER U"M)
5 = FRICTION SLOPE
SHU = KINEMATIC VISCOSITY OF WATER IFT**2/SEC)

PIo(OGRAM TOFU II
lllNPUT,OUTPuTI

DEVELOPED

COMMON 15EOI
I ZI (20)

DIMENSION
1 FQLIZO)

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
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
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--.. ----- -lOFIO&f>O----'
TOFIO&70
TOFlO&80
TOFI 0690
TOFIU700
TOFI0710
TOFI0720
TOFl07JO

. TOFIOhO
TOFI0750
TOFI07&0
TOf10770
TOFI0780
TOFl0790
TOFI0800
TOFI0810
TOFI0820
TOFI0630
TOfI0840
TOfl 0850
TOFI0860
TOFl0870
TOFI0880

-TOFl0890
TOFI0900
TOFI0910
TOFI0920
TOFl0930
TOFI0940
TOFl 0950
TOFI09bO
TOFI0970
TOfl0980
TOfl0990
TOFIlOOO
TOFIlOI0
TOFIl020
TOFIl030
TOfIl040
TOFIl050
TOFIl060
TOFIl070
TOFIl080
TOFIl090
TOFIlIOO
TOFIlIIO
TOFl 1120
TOFIl130
TOFI1140
TOFI11S0
TOFIl160
TOFI1170
TOFIl180
TOFI1190
TOFI1200
TOFIl210
TOFIl220
TOFI1230
TOFIl240
TOFI1250
TOF 11260
TOFIl270
TOFIl280
TOfI1290
TOFIl300
TOfIl310

•. 1.16

* 0.482
* 5.87

* FAC *

* 1.51=39.1 * PAM *
= 338. * PAM *
= 49.
* 2.76

1.5 * ZV

:~.--

"'-.

= Vf(ll* '1/51

·IF (lOM.LT.(l.S * ZV» lOM =
'.ZOL = 0.7S6 * ZOM

ZOU = 1.5 * ZOM

140 [DATA = hNOATA ------,,--.- ---.-
PRINT 190
READ *, V
PRINT 200
READ *. HR
PRINT 210
READ *, w
PRINT 220
READ *, TOF
PRINT 230
RE:AD *, 5
PRINT 240
READ *, SNU
IF (IDATA.GE.2.ANO.ISED.EQ.O) GO TO 100
CALL SEDIN
CONTINUE
PRINT 250
PRINT 260, 10ATA,V,HR,W,TOf,065,S,SNU

IF (FAC.LE.0.25) GO TO 110
IF (FAC.Gr.0.25.ANO.FAC~LT.0.35)ACOR = 5.08
IF (FAC.GE.0.3S) ACOR = O,S/FAC * * 1.05
AC = AC * ACDR
IF (AC.LT.16.) AC = 16.
CONTINUE
T8QL = O. ,. . .
TSQL = O.
TQL = 0."
TSQLP = O.
DO 120 I = 1,NSEO

STEP 1

CHECI< POINT

CHECI< POINT

STEP 2

100

110

065 =065/304.8
G =32.17
YA = HR/ll.24
Yl3 = HR/2.5
CZ = 260.67 - 0.667 * TDF
51 =5 * HR * CZ
U2 = V/SQRT(G * 065 * 5)
U3 = V * * 3/(G * SNU * 5)
CALL TFIG4 (Ul,U2,U3)
VSP = VIU1
AM = 10. * VSP
P = SNU * 10. * * 5
PAM = P * * (1./3.)/A~

lV = 0.1198 • 0.00048 * TOF
CV = 1•• lV

...,_";,,.. ". ;.IF (PAM.LE.O.S) AC = 9.861 (pAl") *
(PAM.LE.0.67.ANO.PAM.GT.O.S) AC
(PAM.LE.O.72.ANO.PAM.GE.O.67) AC
(PAM.LE.1.28.ANO.PAM.GT.O.72) AC

If (PAM.GT.1.28) AC = 24.8 * PAM *
FAC = PAM * 5 * 06S * 10. * * 5

C
C
C

C
C
C

C
C
C

.- - - - c-OO

'. 'C
. [C

C

I·

I

I
I

I
I

I

I

I
I

I

I
I

I

I

I
I



Fl =lOL--- 1.V-- ..-" ----,._ ..

F2 = ZUM - ZV
F3 = ZUU - ZV
F4 = I. -Fl
F5 = I. - F2
F6 = 1. - F3
DO = 2. * OMII)
TP = G * (0.00158 + 0.0000028 * TOF)
Te = 1.10 * Tf->

22

TOF 1i320
TOFIl3JO
TOF1l340
TOF1l3S0
TOFIl3bO
TOFIl370
TOF1l380
TOF1l390
TOFI1<+OO

C TOFI1410
C STEP 3 TOF1l420
C TOFI1430

GF(I) = 0.600/(TC * AC * OM(I)/(V * * 2 * 0.00058» * * (STOFI1440
1 .13.) TOFl 1450

C TOFI1460
C STEP 4 TOFI1470
C TOFI1480

XC = F4 * GF(I)/(YA * * F4 - 00 * * F4) TOFI1490
CTOFI1500
C STEPS TOF1l510
C TOFI1520

C = ZI(I) * \II * XC TOF1l530
C TOFI1540
C STEP 6 TOFIlS50
C TOFI1560

BQl(I) = C * DO * * F4 TOFI1570
UD = CV * V * (OD/HR) * * ZV TOFI15eO
U~l = AC/(43.2 * UD * DO * * Fl) TOFII590

C TOFI1600
C CHECK POINT TOFI1610
C TOfI1620

IF (UBl.GT.lOO.) ~Ql(I) = BQlII) * lOO./UBl TOFI1630
C TOFIlb40
C COMPUTATION uF THE SEDIMENT LOAD TOFI1650
C TOFI16bO
C STEP 7 TOFI1610
C TOFI1680

GA = GF(I) * ZI II) * \II TOF1l690
C TOFI1700
C STEP B TOFIl710
C TOFI1720

GB = C * YA * * (F2 - Fl) * IY8 * * F5 - YA * * FS)/F5 TOFI1730
C TOFI1740
C STEP 9 TOFIl750
C TOFI1760

GC = C * YA * * (F2 - Fl) * YB * * IF3 - F2) * (HR * * F6TOFI1710
1 - yy * * Fb)/F6 TOFIl7eO

C TOFI1790
C STEP 10 TOFI1800
C TOFI1810

SQl(I) = GA + G8 + GC TOFI1820
FQL(l) = SQLlI) + BQUIl TOFIHl30
SQLPII) = GB + GC TOFI1840
TSQlP = TSQLP + SQLP (Il TOFIl850
TBQl = TaUl + BQlII) TOFI1860
TSQl = TSQL + SQlII) TOFI1870
TQL = TQl + FQL I I) TOF Il8BO

120 CONTINUE TOFI1890
PRINT 270 TOFI1900
DO 130 I = 1,NSED TOFI1910

OMII) = OMII) ~304.8 TOFI1920
PHINT 290, OM I I ),ZI I II ,BQl (Il ,SQL I Il.FQL I I I TOFIl930

130 CONTINUE TOFI1940
PRINT 280, T8Ql,TSQL,TQl TOFI1950

140 CUNTINUE TOFI19bO
S TUP TOFIl910
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I

CALCULATE FALL VELOCITY USING RU~EY~S EQ.(SEE SIMONS&SENTURK)

DO 120 I = 1,NSED
OMCI) = UM(I)/304.8

120 Vr (I) = (5\,/1-<1 (2./3. * 32.2 * (2.65
1NU * * 2.) - b. * SNU)/OM(II

RErURN
c

c
C
C

150 rOHMAT (INlII19X'2~HCOMPuTATION OF SAND OISCHARGE/14~,22H~Y rOFTOFIl~YO

IFALETIS METHOD II) TOFI2000
160 FORMAT 11111, 32H START INPUT DATA IN FREE FORMAT,II, 39H ENTERTOFIZOI0

1 ~HE NUMBER OF SETS OF INPUT DATA) TOF12020
170 fORMAT (II, 43H SET SIZE DISTRIBUTION TYPE, IOrST = 0 OR 1,1, TOFI2030

1 62H ENTER 0 IF THE SEUIMENT SIZES AND PERCENTAGES DEFINING THETOFI2040
2 , 44HSEOIMENT SIZE OISTRI~UTI0N ARE TO 8E READ IN,I, 59H TOF12050
3ENTER 1 IF THE LUG-NORMAL SEDIMENT SIZE DISTRIBUTION IS, loHTOTOFIZ0bO
4 ~~ EVALUATED) TOFI2070

180 FORMAT III, 4bH ENTER 0 IF SEDIMENT DATA WILL NOT BE CHANGED, TOFI2080
133HFOR DIFFERENT HYDRAULIC CONOITION,I. 57H ENTER 1 IF THE SEDITOFIZ090
2MEMT DATA AR~ TO ~E READ OR COMPUTED, 28HFOR EACH HYDRAULIC COTOFI2100
3NOITI0N) TOFI2110

190 FORMAT (111111. 36H ENTER THE FOLLOWING HYDRAULIC DATAl,ll, TOFI2120
138H AVERAGE VELOCITY IN FEET PER SECOND) TOFI2130

200 FORMAT (27H HYDRAULIC RAOIUS IN FE:.Ef) TOFI2140
210 FORMAT (jOH WATER SURFACE WIDTH IN fEET) TOfIZ150
220 FORMAT (39H WATER TEMPERATURE IN OEG. FAHRENHEIT) TOFI2160
230 fORMAT (28H ENERGY SLOP!:: IN FEET/FEEf) TOFI2170
240 FORMAT (37H KINEMATIC vISCOSITY IN SQ.FT./SEC.) TOFI2180
250 FORMAT (1111) TOFI2190
260 FORMAT (5X,4HSET ,I5/5X.Z7HAVERAGE VELOCITY .FI2.2, TOFI2200

1 lH FT/SEC,/~X,27HHYDRAULIC DEpTH ,F12.2.3H FT./5X, 2TOFI2210
27HWATER SURfACE WIDTH 'F12.2,3H FT,/5X,27HWATER TEMPERATURETOFI2220
3 ,F12.2.6H DEG F,/5X, 27HOb5 ,flTOFI2230
42.3, 3H MM,/5X.Z7HENERGY SLOpE .FIZ.8,6H FT/fT,/5XTOfI2240
5.c7HKINEMATIC VISCOSITY ,E12.2,10H fT**2/SEC/) TOfI2250

270 F0RMAT (3X,13HSE01MENT SIZE,8X,8HFRACTION,10X,8HBED LOAO,7X,14HSUSTOFI22bO
IP~NDED LOAu,SX,10HTOTAL LOAD./6X,4H(MM),31X,10H(TONS/DAY),7X,10H(TTOFI2270
20NS/DAy),9A.I0H(TONS/OAY) ,I) TOFI22eD

280 FORMAT (/3x.lbHTOTAL BED LOAD :,F9.0,3X.JOHSUS LOAD =,F9.0,3X, 25HTOFI2290
ITUTAL BED-MATERIAL LOAD =,F9.0, 9H TONS/DAY) TOFI2300

290 FURMAT (lX,F8.4,F19.2.3FI9.1) TOFIZ310
END TOFI2320
SUBROUTINE SEDIN TOFI2330
COMMON ISEOI NSED , lOIST , DM(20) TOfI2340

1 ZI(20) , Vf(ZO) • SNU , 065 TOfIZ350
IF (lDIST.E.Q.O) GO TO 100 TOf12360
NSED = 10 TOFIZ370
PRINT 130 TOFI2380
READ *, 050,SI6MA TOfI2390
CALL LOGNOR W50,SIGMA) TOf"I2400
GU TO 110 TOF12410

100 C0NTINUE TOFI2420
PRINT 140 TOfI2430
RE.AD *, NSED TOfI2440
PKINT 150 TOFI2450
READ *, (DM(Il,ZI(Il,I = 1,NSEO) TOFI24bO
PkiNT 160· TOf12470
READ *, 065 TOfI24BO

110 CUNTINUE TOfI2490
TOFI2500
TOFI2510
TOFI2520
TOFI2530
TOfl2540

- 1.) * OM(l) * * 3. + 36. * STOFI2550
TOFI2560
TOfI2570

. TOflc580
130 FURMAT(1155H IDIST:l ENTER THE MEDIAN BED MATERIAL SIZE.D50 IN MM,TOf12590

1,J2H AND THE GRADATION COEFfICIENT) TOf12600
140 FURMAT lIl, 48H IDI5T=0 E.NTER THE FOLLUwINl; BED MATERIAL: lIATAl .//TOFI2610

1, 42H NUMBER OF SEDIMENT SIZr FRACTIONS, NSEu) TOFI2b20
150 FORMAT (3bH GED MEAN SIZE IN MM REPRESENTING, 59HTHE ITn FRACTTOFI2b30

lION ANU 'fHt. t"EI'lCt:.NT wEiGHl OF THE -ITH FKAC110N,I,- 30H ---.----; CUMCUOFI264-0
-. -. ll' lIIl) ,1;0; 1f NSEO) ) . .. . _., ... :. ,t' , .~. .,... , ...·'*".,-O;:~ki~ ';",: ·..".T0F I Z650

I

I

I
I
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160 FORMAT I 3tiH THE 65% FINER DIAMETER IN MM, Ob5)
ENU
SUcROuTINE LOGNOR IUSO,SIGMA)
COMMON /SEO/ NSEO , 10lST oMIZO)

1 Z1(20) , VFIZO) , SNU 065
095 = 050 * SIGMA * * 1.645
090 = 050 * SIGMA * * 1.285
O~O = 050 * SIGMA * * 0.~45

070 = 050 * SIGMA * * 0.525
ObO = 050 * SIGMA * * 0.255
D40 = 050/SI~MA * * 0.255
030 = D50/SIGMA * * 0.52~

oeO = OSO/SIGMA * * 0.845
010 = oSO/SIGMA * * 1.28S
OO~ = OSO/SIGMA * * 1.645
OMIlI = SQRT<D05 * 010)
DMIZ) = SQRTIoI0 * 020)
OMI]) = SQRTI020 * 030)
OM(4) = SQRJID30 * 040)
oMIS) = SQRTI040 * 050)
oM(6) = SQRTI050 * ObO)
OM(7) = SQRTI060 * U70)
DH(8) = SQRT(070 * 080)
OM(9) = SQRTI080 * 090)
OHIIO) = SQRrl090 * 095)
00 100 I = 19 10

100 ZUIl = 0.1
065 = 050 * SIGMA * * .385
RETURN
ENU
SU~ROUTINE TFIG4 IUl,U2,U3)

c
C THIS SUBROUTINE APPROXIMATES FIG.4 OF TOFFALETIS SAND DISCHARGE
C COMPuTATION
C

IF {UZ.LT.500.) GO TO 100
CEF = 1.0
GO TO 110

100 Ct::F = 0.9Z
110 C = 21.9 + 9.7 * ALOGI01IU?/SOO.) * * CEF)

U3L = 2.16 + 0.Z3 * C
U3R = 3.32 + 0.23 * C
UJA = ALOGlO lU3)
IF IU3X.GT.UJR) GO TO 120
IF lU3X.LT.U3Ll GO TO 130
Cl = - IIU3M - U3L)/2.) * * 2
C2 = IU3R ~ u3L)/2.
U1 = lU3X - C2) * * 2/C 1 + (1. + C)
GO TO 140

1Z0 Ul = C
GO TO 140

130 Ul = IU3X - 2.17)/0.23
140 RETURN

END

I
I
I

TOFI2660 ITOFI2670
TOFI2680
TOFI2690
TOF12700

ITOFl21l0
TOFI2720
TOFI2'130
TOf12740
TOF 12750 ITOF12760
TOFI2770
TOFI2780
TOF 12790

ITOFI2800
TOFl2610
TOFI2820
TOFI2830
TOFIZ840 ITOF12850
TOFl2860
TOFl2870
TOFI2BBO

ITOFI2690
TOFIZ900
TOF12910
TOFlZ920
TOFI2930 ITOFI2940
TOF12950
TOF12960
TOF12970

ITOFl2980
TOFl2990
TOFl3000
TOF13010
lOf13020

ITOF13030
TOFI3040
TOFlJOSO
TOFlJ060

ITOFl3070
TOFI30BO
TOFI3090
ToFI3100
TOFI3110

ITOF13120
TOF13130
TOFI3140
TOF13150
TOFl3160 ITOFI3170
TOFl3180
TOFI3190

I
I
I
I
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ELECTRONIC COMPUTER PROGRAM ABSTRACT

TITLE OF PROGRAM: YANG PROGRAM NO.:

PREPARING AGENCY: Simons and Li Engineering

AUTHORS: R. M. Li, R. K. Simons, D. B. Simons

DATE PROGRAM COMPLETED: September, 1979

STATUS OF PROGRAM: Phase - original, Stage - operational

A. PURPOSE OF PROGRAM: To compute the sediment discharge in rivers by

Yang's Method. References: (a) Yang, C. T., "Incipient Motion and

Sediment Transport," ASCE Journal of the Hydraulics Division, October,

1973; (b) Yang, C. T., "Minimum Unit Stream Power and Fluvial

Hydraulics," ASCE Journal of the Hydraulics Division, July, 1976;

(c) Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

B. PROGRAM SPECIFICATIONS:

Language: ANSI Fortran IV

Solution Requirements: Input data

Methods of Analysis: Computer form of Yang's method

Size of Object Program: 17,650 characters

External Storage: None

Restrictions: None

General Equations: Yang's sediment concentration equation

where C is the sediment concentration by weight, w is the fall

I
I
I
I

log C
wd U*

5.435 - 0.286 log -- - 0.457 log --
\) W

wd U* VS V S
+ (1. 799 - 0.409 log -- - 0.314 log --) log (-- - ~)

\) W W W

I
I

velocity of median sediment particle, d is the particle diameter,
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v is the kinematic viscosity, U* is the shear velocity, VS is

the unit stream power, V is the velocity, S is the energy slope,

V is the average critical velocity at incipient motion.cr

Range of Quantities: Unlimited within physical reason

Accuracy: N/A

Dimension System: English, except input sediment diameter is in rom.

C. METHODS: The program is written in both batch and time-share models

in Fortran IV.

D. EQUIPMENT DETAILS: The program was developed on a CDC Cyber 172 but

can operate on any compatible system. Normal configuration of CPU,

reader and printer is necessary to run the program in batch mode.

E. INPUT-OUTPUT: Input requirements are: Number of data sets to be

analyzed, mean velocity (ft/sec), hydraulic depth (ft), stream width

(ft), median sediment diameter (rom), energy slope of river (ft/ft),

kinematic viscosity of water (ft
2
/sec). Output includes the input

data and total sediment concentration and discharge.

F. ADDITIONAL REMARKS: This method often underestimates the sediment

concentration.

I
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PART I: ENGINEERING DESCRIPTION

1 . PROGRAM NUMBER:

2. TITLE: YANG

3. REVISION LOG: N/A

4. PURPOSE OF PROGRAM: To compute total sediment discharge in rivers by

Yang's method. References:

a) Yang, C. T., "Incipient Motion and Sediment Transport," ASCE

Journal of the Hydraulics Division, October, 1973.

b) Yang, C. T., "Minimum Unit Stream Power and Fluvial Hydraulics,"

I
I

c)

ASCE Journal of the Hydraulics Division, July, 1976.

Simons, D. B., and F. Senturk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.

I
I
I
I
I
I
I
I
I
I

5. SOLUTION:

a) The input variables are:

1 - The number of data sets to be analyzed

2 - Mean velocity (ft/sec)

3 - Hydraulic depth (ft)

4 - Stream width (ft)

5 - Median sediment diameter (mm)

6 - Energy slope of stream (ft/ft)

7 - Kinematic viscosity of water (ft2 /sec)

b) After the input of necessary data for each set computation of the

hydraulic parameters in Yang's equation is begun, the median

particle size is converted to ft for unit consistency, and its

fall velocity (w) is computed by Rubey's equation. The critical

velocity (V ) at incipient motion and the shear velocity (U*) arecr
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Sediment discharge is found by

ACCURACY: N/A

charge to tons per day (K = 62.4 x 43.2).

I
I
I
I
I
I
I
I
I
I
I
I
I

3
is a conversion factor from ft /sec of sediment dis-

wd U~
= 5.435 - 0.286 log -- - 0.457 log ~

v w

wd U* VS V S
+ (1.799 - 0.409 log -- - 0.314 log --) log (-- -~)

v w w w

determined. These values are then used in Yang's equation.

log C

is less than the critical velocity, the concentration is zero.

antilog of the previously obtained value. If the mean velocity

The sediment concentration by weight is obtained by taking the

-6Q = C x 10 x V x D x W x K
s

where K

6.

I
I
I
I
I
I



Cyber 172. Normal configuration of CPU, reader and printer are

share modes. The source listing (Figure 2) is for the batch mode.

3. EQUIPMENT AND OPERATING SYSTEM: The pgoram was developed on a CDC

6. INPUT DATA DESCRIPTION: The following variable names are used for

Card 1

Card 2, 3,
... , NDATA

PART II: COMPUTER FUNCTIONAL DESCRIPTION

5

data and the sediment concentration and discharge.

input variables:

NAME DESCRIPTION FORMAT

NDATA Number of data sets 15

V Mean velocity F10.2

D Hydraulic depth FlO.2

W Stream width FlO.2

DM Median sediment diameter F10.3

S Energy slope of stream F10.7

SNU Kinematic viscosity of water E10.3

improper input data.

Figure 3 is the interactive mode listing.

necessary to run the program in batch mode.

5. SECONDARY STORAGE INPUT FORMAT: None

7. SUMMARY OF REQUIRED INPUT CARDS: (See 6)

1. REVISION LOG: N/A

2. FUNCTION FLOW CHART: See Figure 1

8. OUTPUT: Printed output generated by the program includes the input

4. INPUT REQUIREMENTS: The program is written for either batch or time-

9. OPERATOR INSTRUCTIONS: None

10. PROGRAM ERROR MESSAGES: None - Program stop would result from

I
I
II
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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NDATA - Number of data sets

11. VARIABLE DEFINITIONS:

velocity

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

2.50 FTI

I
I

6~63FT/SECI HYDRAULIC DEPTH
170.00 FT

• 49~5 MM
.00 1. O~;OO FT1FT
.1.06E-04 FT**2/SEC

- Water discharge (cfs)

- Sediment discharge (tons/day)

- Reynolds number using shear velocity

- Particle Reynolds number using fall velocity

2- Kinematic viscosity of water (ft /sec)

- Energy slope (ft/ft)

- Shear velocity divided by fall velocity

Q

QS

S

REYP

REY

SNU

US

V - Mean velocity (ft/sec)

VCROVF - Critical velocity at incipient motion divided by fall

VF - Fall velocity (ft/sec)

VSW - Dimensionless effective unit stream power

W - Stream width (ft)

a) Batch mode

USTAR - Shear velocity (ft/sec)

D - Hydraulic depth (ft)

CT - Log of CS

CS - Sediment concentration by weight (ppm)

DM Median bed material size (rom)

SET 1
MEAN VELOCITY
STREAM WIDTH
MEDIAN SEDIMENT DIAMETER
ENEFWY SLOPE
KINEMATIC VISCOSITY

COMPUTATION OF-TOTAL SEDIMENT DISCHARGE
BY YANGS METHOD

12. EXAMPLE CASE:



.040 CP SECONDS EXECUTION TIME

I
I
I
I

7

TOTAL SEDIMENT CONCENTR~ri~N_.
TOTAL SEDIMENT DISCHARGE

b) Interactive mode

1702. PPM BY WEIGHT
12928. TONS/DAY

I
I
I
I
I
I
I
I

COMPUTATION OF TOTAL SEDIMENT DISCHARGE
BY YANGS METHOD

START INPUT DATA IN FREE FORMAT

ENTER THE NUMBER OF SETS OF INPUT DATA
? 1

ENTER THE FOLLOWING HYDRAULIC DATA:

AVERAGE VELOCITY IN FEET PER SECOND
? 6.63

HYDRAULIC DEPTH IN FEET
? 2 +r5

STREAM WIDTH IN FEET
? 170.

ENEI~GY SLOPE IN FEET/FEET
'? .00105

KINEMATIC VISCOSITY IN Sa.FT./SEC •
? •0000106

MEDIAN BED MATERIAL SIZE IN MM
? .495

I
I
I

SET 1
MEAN VELOCITY
HYDF\AULIC DEPTH
STREAM WIDTH
MEDIAN SEDIMENT DIAMETER
ENERGY SLOPE
KINEMATIC VISCOSITY

TOTAL SEDIMENT CONCENTRAtION
TOTAL SEDIMENT DISCHARGE

6.63 FT/SEC
2.50 FT

170.00 FT
.495 MM

.0010500 FT/FT

.106E-04 FT**2/SEC

1702. PPM BY WEIGHT
12928. TONS/DAY

I
I
I
I

,.064 CP SECONDS EXECUTION TIME
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9

( PROGRAM YANG )

DATA INPUT:

NDATA, V, D, W, DM, S, SNU

t
I PRINT INPUTf

CALCULATE HYDRAULIC
PARAMETERS IN YANG'S EQUATION

.-

IF V IS LESS THAN CRITICAL V
AT INCIPIENT MOTION SET Qs = 0

I Qs = 0 Il

CALCULATE SEDIMENT
CONCENTRATION AND

TRANSPORT RATE
_.. _..

+
I PRINT OUTPUT I

I
END

Figure 1. Flow chart of program YANG.



10

PROG~AM YANG YAN 0010
l(lNPUT,OUT~UT)" YAN 0020

C YAN 0030
C DEVELOPED YAN 0040
C YAN 0050
C PUHPOSE COMPUTATION OF SEDIMENT DISCHARGE IN YAN 0060
C RIVERS By YANGS METHOD YAN 0070
C YAN 0080
C REFERENCE YANG, C.T., "INCIPIENT MOTION AND SEDIMENT YAN 0090
C TRANSPOHT," ASCE JOURNAL OF THE HYDRAULICS YAN 0100
C DIVISION, OCT.' 1973 YAN 0110
C ANO YAN 0120
C YANG, C.T., "MINIMUM UNIT STREAM POWER YAN 0130
C AND fLUVIAL HYDRAULICS," ASCE JOURNAL OF YAN 0140
C THE HYDRAULICS DIVISION' JULY, 1976 YAN 0150
C YAN 0160
C COHE USAGE YAN 0170
C YAN 0160
C COMPILATION lIME APPROXIMATELY 0.9 SEC YAN 0190
C YAN 0200
C CENTRAL PROCESSOR YAN 0210
C TIME fOR ONE SET YAN 0220
C OF DATA LESS THAN 0.03 SEC YAN 0230
C YAN 0240
C INPUT DATA YAN 0250
C YAN 0260
C THE fIRST CAND CONTAINS THE VALUE OF NDATA IN FORMAT 15." YAN 0270
C NUATA = NUMBER OF DATA SETS TO 8£ ANALYZED YAN 0280
C YAN 0290
C THE SECOND AND SUCCEEDING CARDS CONTAIN THE HYDRAULIC A~O YAN 0300
C SEDIMENT DATA SETS IN THE FOLLOWING FvRMAT: YAN 0310
C (3flO.2,F10.J,flO.7,ElO.3) YAN 0320
C V = MEAN vELOCITY IFf/SEC) YAN 0330
C 0 = HYDRAULIC DEPTH 1FT) YAN 0340
C W = STREAM WIOTH (FT) YAN 0350
C OM = MEDIAN SEDIMENT OIAMETER (MM) YAN 0360
C S = ENERGY SLOPE OF STREAM (FT/fT) YAN 0370
C SNU = KINEMATIC VISCOSITY OF WATER (FToo2/SEC) YAN 0380
C YAN 0390

PRINT 140 YAN 0400
RfAD 150, ~DATA YAN 0410
00 130 I = 1,NDATA YAN 0420

READ 160, V,D,W,OM,S,SNU YAN 0430
PRINT 170, I,V,D,w,OM,S,SNU YAN 0440
DM = DM/304.8 YAN 0450
VF = ISWHJ(2./3. ° 32.2 ° 1.65 * OM * * 3. + 36. * SNU * * 2.YAN 0460
) - 6. * SNU)/DM YAN 0470
USTAR ; S~RT(32.2 * D * S) YAN 0480
REY = USTAR * DM/SNU YAN 0490
VCROVf ; 2.05 YAN 0500
If (RtY.Lr.70.) VCROvf = 2.S/(ALOG10(REY) - 0.06) + 0.66 YAN 0510
IF (VCROvF.LJ.O.) vCROVF = o. YAN 0520
REYP = vF * DM/SNU YAN 0530
US = USTAR/Vf YAN 0540
VSw = S * (v/vf - VCROVF) YAN 0550
If IVSW.GT.O.) GO TO 100 YAN 0560
CS = O. YAN 0570
GO TO 110 YAN 0580

100 CT = 5.435 - 0.286 ° ALOGIOIREYP) - 0.457 ° ALOGIOIUS) + (1.799YAN 0590
1 - 0.40~ * ALOGI0(~EYP) - 0.314 * ALOGIOCUS» * ALOGI0IVSW) YAN 0600

CS ; 10. * * CT YAN 0610
GO TO 120 1 YAN 0620

110 CS = o. YAN 0630
120 Q = V * D * W YAN 0640

QS = CS * I.E - 6 * Q ° 62.4 * 43.2 YAN 0650

Figure 2. Batch listing, Program YANG.

I
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-PRINT -!tJO,·CS,QS-- --------.------- ---~-'- ~~- --------------;r~~yA/Ii--0660~-!

130 CONT iNUE -- E;' YAN 0670' - !
5 rop YAN 0680 '

C VAN 0690
140 FORMAT 11Hllll, 41H COMPUTATION Of TOTAL SEDIMENT DISCHARGE,I, 17YAN 0100

11'1 BY YANGS METHOD,//) YAN 0710
-ISO FvKMAT (IS) ------- - YAN 0120--
160 FORMAT 13fl0.2,F10.3,F10.7'ElO.3) YAN 0730
170 FORMAT ISX,4HSET ,I5/,SX,2SHMEA~ VELOCITY ,f12.2, 'YAN 0740

1 lHFT/SECI,SA,25HHYDRAULIC DEPTH ,f12.2,3H FT/,5X,25HSTREYAN 0750
2A~ wIDTI'I , f12.2,3H fTI,5X.25HMEDIAN SEDl~ENT DIAMETYAN 0760
3ER, F12.3,3H MM/,5X,25HENERGY SLOPE ,F12.7,6H FT/fTVAN 0770
4/, 5X,25HKIN£MAlIC VISCOSITY ,£12.3,10H FT**2/SECII) - YAN 0780

180 FORMAT (2X.30HTOTAL SEDIMENT CONCENTRATION =,FI0.0.14H PPM BY WEIGYAN 0790
IHT/2X,30HTOTAL SEDIMENT DISCHARGE =,FIO.O,9rl TONS/DAYIII) YAN 0800

END VAN OBIO

I
I
I
I
I
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Figure 3. Interactive listing, Program YANG.

PROG~AM YANGI
11INPllT,OUTPUT)

COMPILATION TIME APPROXIMATELY 0.9 SEC

CENTRAL PROCESSOR
TIME FOR ONE SET
Of DATA LESS THAN 0.03 SEC

INPUT DATA

THE FIRST CARD CONTAINS THE VALUE OF NDATA IN FREE FORMAT.
NUATA = NUMBER OF DATA SETS TO ~E ANALYZED

THE SECOND AND SUCCEEDING CARDS CONTAIN THE HYDRAULIC AND
SEDIMENT DATA SETS IN FREE FORHAT
V = MEAN VELOCITY IFT/SEC)
o = HYDRAULIC DE~TH 1FT)
~ = STREAM WIDTH 1FT)
OM = MEDIAN SEDIMENT DIAMETER (MM)
S = ENERGY SLOPE OF STREAM IFT/FT)
SNU = KINEMATIC VISCOSITY OF wAiER (FT**2/SEC)

PRINT 140
PRINT 150
READ *, NDATA
DO 130 I = 1,NOATA

PRINT 160
READ *, V
PRINT 170
READ, *, 0
PRINT 180
READ lI-, w
PRINT 190
READ *, S
PRINT 200
READ *, SNU
PRINT 210
READ *, OM
PRINT 220, I,V,D,w.DM,S,SNU
OM = DM/304.8
VF = (SQRT(2./3. * 32.2 * 1.b5 * OM * * 3. + 36. * SNU *
) - 6. * SNU) 10M; .
USTAR = SYRT(32.2·~ 0* S)
REY = USTAR * OM/SNU
VCROVF = C.OS
IF (REY.LT.70.)VCROVF' = 2.S/(ALOGI0(REYl - 0.06) + 0.66
IF (VCROVf.LT.O.) VCROVF = Q.

REYP = VF * OM/SNU
US =USTARIVF

I
I

YANIOOIO
YANIOO20

IYANIOO30
YANIOOitO
YANI0050
YANIOO60
YANlo070 IYANIOOeO
YANI0090
YANIOIOO
YANIOllO

IYANI0120
YANI0130
YANIOlitO
YANI0150
YANI0160

IYANI0170
YANI0180
YANI0190
YANI0200

IYANI0210
YANI0220
YANI0230
YANI02ltO
YANI0250

IYANI0260
YANI0270
YANI0280
YANI0290
YANI0300 IYANI0310
YANI0320
YANI0330
YANI0340

IYANI0350
YANI0360
YANI0370
YANI0380
YANI0390 IYANI0400
YANI0410
YANIOlt20
YANI0430

I'(ANI0440
YANI0450
YANI0460
YANI0470
YANI0480 IYANI0490
YANI0500
YANI0510
YANI0520

IYANI0530
YANI0540
YANI0550
YANI0560

lI- 2.YANI0570

IYANI0580
YANI0590
YANI0600
YANI0610

IYANIOb20
YANI0630
YANIOb40
YANIOb50

I
I
I

COMPUTATION OF SEDIMENT DISCHARGE IN
RIVERS BY YANGS METHOD

YANG, C.T., "INCIPIENT MOTION AND SEOIMENT
TRANSPORT," AseE JOURNAL OF THE HYDRAULICS
DIVISION, OCT., 1973
ANO
YANG, C.T .. 1I11INIMUM UNn STREAM POWER
AND FLUVIAL HYORAULICS,II ASCE JOURNAL OF
THE HYDRAULICS DIVISION, JULY, 197b

DEVELOPED

REFERENCE

PURPOSE

CORE USAGE

1

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
C
C
C
C
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vsw :os-it eVIVF - vCRovF, ------ v-AJllf"0660--
IF (V~w.G'.O.) GO TO 100 YANI0670
CS = o. YANI0680
GO TO 110 YANI0690

100 CT = 5.435 - 0.286 * ALOGIO(~EYP) - 0.457 * ALOGIOIUS) + Il.799YANI0700
1 - O.40~ * ALOGIOIREYP) - 0.314 * ALOGlOIUS» * ALOGIOeVSw) YANI0710

CS = 10. * * CT YANI0720
GO TO 1~0- YANI0730

110 CS = o. YANI0140
120 Q = V * D * W YANI0150

QS = CS * I.E - 6 * Q * 62.~ * 43.2 YANI0760
P~INT 230,CS,QS YANI0770

130 CONTINUE YANI0780
SlOP YANI0790

C YANI0800
140 FORMAT (lHIIII, 41H COMPUTATION Of TOTAL SEDIMENT DISCHARGE,I, 22YANI0810

IH BY YANGS METHOD,II) YANI0820
150 FOHMAT 1111, 32H START INPUT DATA IN FREE FORMAT,II, 39rl ENTER THEYANI0830

1 NUMBER OF SETS OF INPUT DATA) YANI0840
160 FOHMAT (111111, 36H ENTeR IHE FOLLOwING HYDRAU~IC DATAI,II, 38H YANI0850

lAvtRAGE VELOCITY IN FEET PER SECOND) YANI0860
170 FOHMAT 1 26H HYDRAULIC DEPTH IN FEEl) YANI0870
180 FORMAT 1 23H STREAM WIDTH IN FEET) YANI0880
190 FORMAT (28H ENERGY SLOPE IN FEET/FEET) YANI0890
200 FORMAT (37H KINEMATIC VISCOsITY IN SQ.FT./SEC.) YANI0900
210 FoRMAr (33H MEDIAN BED MATERIAL SIZE IN MM) YANI0910
220 FURMAT (115X,4HSET ,15/,5X.25HMEAN VELOCITY ,F12.2,7H FYANI0920

IT/SEC/,5x,25HHYDRAU~lC DEPTH ,F12.2,3H FT/,5X,25HSTHEAM WYANI0930
2IurH . ,FI2.2,3H FT/,5X,25HMEOIAN SEDIMENT DIAMETER ,F12YANI0940
J.3,3H MM/,5X,25HENERGY SLOPE ,F12.7,6H FT/FTI,5X,25HKIYANI0950
~NlMATIC VISCOSITY ,EI2.3'IOH FT**2/StCII) YANI0960

230 FOHMAT (2X.30HTUTAL SEDIMENT CoNCENTRATION =,FIO.0,14H PPM BY WEIGYANIU970
IHT/2X,30HTUTAL SEDIMENT DISCHARGE =,F10.O,9H TONS/OAYIIII YANI09BU
EI~D YANI0990




