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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 compﬁte 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," Préféssional 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

Water temperature: 32 - 100 °p

Median bed material size: 0.1 - 0.8 mm

Fine material concentration: O - 150,000 ppm

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




METHODS: The program is written in ANSI Fortran IV. It operates in
both batch and time-share processing modes.

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.

INPUT-OUTPUT: Input data requirements are: Number of data sets to be
analyzed, average velocity (ff/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) .

ADDITIONAL REMARKS: The method is particularly applicable to the

sand-bed river.




PART I: ENGINEERING DESCRIPTION

PROGRAM NO.:

TITLE: COLBY

REVISION LOG: N/A

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.

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

5 - Water temperature (TF), p

6 — Median bed material size (D50), mm

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 mm, 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.




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 £t). 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




c)

ACCURACY: N/A

interpolation of another portion. of Figure 24 (Colby). Subroutine
MDCOR computes this.correction factor (CFMD).

After all correction subroutines and the sediment transport
subroutines have been called, the sediment transport rate (GT) is
computed.

GT = GTUC (1+ (CFT x CFFML - 1) x CFMD) x W
where GTUC 1is the uncorrected unit width sand discharge in
tons/day/ft and CFT, CFFML and CFMD are the previously
defined correction factors.

Logarithmic interpolation is done by a linear interpolation of
logarithms. For example, let V .and \ represent values of

1 2

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

2

represent the resﬁective values of sand discharge at velocities
V1 and V2. Assume all values are for a given depth and bed
material size for the interpolation matrix. Let:
X = log10 D)

xp = logy (Vp)

Xy = loggg (V)

vy = logyg (6p)

¥y = logyy (Gy)

vy, t (x - xl) x (yz - yl)/(x2 - Xl)

N
1

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

¢ = 10%
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PART II: COMPUTER FUNCTIONAL DESCRIPTION

REVISIONAL LOG: N/A

FUNCTIONAL FLOW CHART: (See Figure 1)

EQUIPMENT AND OPERATING SYSTEM: The program was developed on a CDC
Cyber 172 batch system. Normal configuration of CPU, reader and
printer are necessary.

INPUT REQUIREMENTS: The program is written for both the batch and
time-share modes. The source listing in Fig. 2 is for batch mode.
Figure 3 is the interactive mode listing.

SECONDARY STORAGE INPUT FORMAT: None

INPUT DATA DESCRIPTION: The following variable names are used for

input variables.

NAME DESCRIPTION FORMAT

NDATA Number of data sets to be analyzed 15 Card 1

\) Mean velocity F10.2

D Hydraulic depth F10.2

W Stream width ' F10.2 Card 2, 3,
..., NDATA

TF Water temperature Fl10.2

D50 Median bed material size F10.2

FML Fine material load F10.2

SUMMARY OF REQUIRED CARDS: (See 6)

OUTPUTS: Printed output from the program includes the input data, a
comment of OK or input data out of range, and the sand discharge in
tons per day.

OPERATOR INSTRUCTION: None

PROGRAM ERROR MESSAGES: None - Program stops would result from

improper input data.




11. VARIABLE DEFINITIONS:

CF -

CFFML -

CFMD -

CFO -

CFT -

DF -

DG -

DP -

D50 -

D50G -

GT -
GTuC -
ip,IDn1,
ID2

ip50,ID501,
ID502

Fine material load concentration at ﬁhich correction factors
are given

Fine material load correction factor

Median diameter of bed load correction factor

Overall correction factor

Temperature correction factor

Hydraulic depth

Depth array at which sediment size correction is known (10
values)

Depths at which sand discharges and temperature corrections
are given

Sediment sizes at which bed material size corrections are given
(11 values)

Median sediment diameter

éediment sizes at which sand discharge is known (6 values)
Fine material load correction factors at 10 depths and 5
concentrations

Fine material load

Uncorrected sand discharge at 4 depths, 9 velocities, and

6 sediment sizes

Sand discharge

Uncorrected sand discharge

Integers indicating which members of the depth array bound
the input depth

Integers indicating which members of the median sediment size

array bound the input median sediment size




IF1,1F2 -~ Integers indicating which members of the fine material load
array bound the input fine material load

IP1,IP2 - Integers indicating which members of the sediment size array
bound the input sediment diameter

IT1,IT2 - Integers indicating which members of the temperature array
bound the input temperature

IV,IVl, Integers indicating which members of the velocity array bound

2
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

T — Temperature correction factor array at 7 temperatures and
4 depths

TEMP - Temperature array (7 values)

TF - Water temperature

Vv = Mean velocity

VG - Velocity array (9 values)

W — Stream width

12, EXAMPLE CASE:

a) Batch mode

COMFUTATION OF TOTAL RED MATERIAL
TRANSFORT BY COLRYS METHOR

SET 1 |
AVERAGE VELOCITY . 6463 FT,/SEC, \
HYDRAULIC DEFTH 2.50 FT.

WATER SURFACE WIDNTH 170,00 FT,

TEMFERATURE 704,00 DEG.FAHREN,
MELIITAN RED MATERIAL SIZE L495 MM,

FINE MATERIAL CONCENTRATION 16000.,00 FEM,

EED MATERIAL TRANSFORT =  20619.8 TONS/DAY i
REMARK = OK

TEMFERATURE CORRECTION FACTOR L9112
FINE MATERIAL LOAL CORRECTION FACTOR 1,226
MEDIAN BED MATERIAL SIZE CORRECTION FACTOR C 609

OQVERALL CORRECTION FACTOR 1.072
[

+052 CF SECONDS EXECUTION TIME




b) Interactive mode

COMPUTATION OF TOTAL BED MATERIAL
TRANSPORT RY COLRBYS METHOD

START INFUT DATA IN FREE FORMAT

ENTER THE NUMRER OF SETS OF INPUT DATA
7?1

ENTER- THE FOLLOWING INFUT DATAS

AVERAGE VELOCITY IN FEET PER SECOND
T beb3

HYDRAUVLIC DEFTH IN FEET
? 2.5

WATER SURFACE WIDTH IN FEET
? 170

WATER TEMPERATURE IN DEG. FAHREN.
? 70,

FINE MATERIAL CONCENTRATION IN FPPM. BY WEIGHT
T 10000,

MEDIAN RBED MATERIAL SIZE IN MM
T L 495

SET 1

AVERAGE VELOCITY 6.63 FT./8EC,
HYDRAULIC DEFTH 2.50 FT.

WATER SURFACE WINTH 170.00 FT.
TEMFERATURE 7000 DEGFAHREN,
MEDIAN EED MATERIAL SIZE L4905 MM,

FINE MATERIAL CONCENTRATION 100060.00 FFM.

RED' MATERIAL TRANSFORT = 20619.8 TONS/DAY

REMARK = OK

TEMFERATURE CORRECTION FACTOR +P12
FINE MATERIAL LOAD CORRECTION FACTOR 1.226
MEDIAN BED MATERIAL SIZE CORRECTION FACTOR + 609
OVERALL CORRECTION FACTOR 1.072

+081 CP SECONDS EXECUTION TIME

13, JOB PROCESSING TIME:
To compile: 4.7 cpu sec

To execute: 0.05 cpu sec (batch)

0.081 cpu sec (interactive)
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PROGRAM COLBY

DATA INPUT:

REPEAT FROM
1 TO NDATA

NDATA, Vv, D, W, TF,
D50, FML

PRINT INPUT VARIABLES

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

IF INPUT VARTABLES OUT OF RANGE

GO TO NEXT DATA SET

1

COMPUTE UNCORRECTED SAND DISCHARGE
SUBROUTINE SEDTRN

L

TEMPERATURE CORRECTION
SUBROUTINE TMPCOR

FINE MATERIAL LOAD CORRECTION
SUBROUTINE FMLCOR

MEDIAN PARTICLE SIZE CORRECTION
SUBROUTINE MDCOR

,

COMPUTE CORRECTED
SAND DISCHARGE

PRINT SAND DISCHARGE

PRINT INPUT
OUT OF RANGE

END

Figure 1. Flow chart of Program COLBY.
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e o \\\ AN
/ AN
{ N . e
| PRUGRAM COLBY / coL,
‘\ 1CINPUTOUTPUEY 7 coL
c \ L coL
c \\\ e coL
c DEVELOPED" COLORADU STATE UNIVERSITY ENGINEERING RESEARCH COL
c T CENTERs FURT COLLINSyCOLORADO 80523 coL
o PURPOSE COMPUTATION oF BED MATERIAL LOAD BY COLBYS coL
c METHOD coL
c REFERENCE COLBYsB4Res DISCHARGE OF SANDS AND MEAN VELOCITYCOL
c RELATIONSHIPS IN SAND~3ED STREAMSs PROFESSIONAL COL
C PAPER 462~as 19649 U.Ss GEOLOGICAL SURVEY. coL
¢ CORE USAGE CDC 6400 SCOPE 3.3 SYSTEM DEFAULT VALUE» coL
c 43000 OCTAL. coL
c COMPILATION TIME APPROXIMATELY S SEC. coL
c CENTRAL PROCESSOR coL
c TIME FOR ONE coL
c SET OF DATA LESS THAN 0.05 SEC. coL
¢ . coL
g INPUT AND OQUTPUT DESCRIPTION coL
: CoL
c THE FIRST CARD IN THE INPUT LOGICAL RECURD SHOULD CONTAIN THE coL
c VALUE OF NDATAs IN FORMAT IS. NDATA IS THE NUMBER OF SETS OF INPUTCOL
o DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUT DATA coL
C CUNSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY A PROBLEM, COL
c AS DETAILED BELOW. ' coL
(o , coL
C THE FIRST CARD IN INPUT IS FOLLOWED BY THE SETS OF INPUT DATA» coL
¢ TO BE PUNCHED IN FORMAT 6F10.2 coL
c A SET OF INPUT DATA CONSISTS OF THE FOLLOWING VARIABLES. coL
c 1} AVERAGE VELOCITY v FePeSe coL
c 2) HYDRAULIC DEPTH 0 FTe coL
C 3) WATER SURFACE WIDTH W Fle coL
c 4) TEMPERATURE TF DEG.FAHREN. coL
c S) MEDIAN ®ED MATERIAL SIZE D50 MM coL
g 6) FINE MATERIAL CONCENTRATION FML PPM, coL
. coL
c OUTPUT CONSISTS OF THE TOTAL BED MATERIAL TRANSPORT IN TONS/DAY, COL
c AND A REMARK ON HOW THE COMPUTATIONS WERE CARRIED OUT. coL
c 1F  REMARK= UKy THE COMPUTATIONS WERE CARRIED OUT SUCCESSFULLY.  COL
c IF  REMARK= QORs VELOCITYs DEPTH OR BED MATERIAL SIZE IS OQUT OF  COL
C RANGE » coL
c IF  REMARK= TOORs TEMPERATURE IS OUT OR RANGE. coL
c IF  REMARK= FOORs FINE MATERIAL CONCENTRATION IS OUT OF RANGE. coL
C VARTABLE RANGE coL
c AVERAGE VELOCITY 1=10 FePaSe coL
c HYDRAULIC DEPTH 1-100 FT, coL
c WATER SURFACE WIDTH cou
c TEMPERATURE 32-100 DEG.FAHREN. coL
c MEDIAN BED MATERIAL SIZE 0e1-0e8 MM, ' coL
C FINE MATERIAL CONCENTRATION 0=~150000 PPM, coL
C , coL
c . 4 coL
COMMON /CLBY/ —G(43946) s F(5910) s T(T7+4) s COL
1 P{11) sy OF(1O) s CF(5) s DPO1L) v COL
2 DG (4) s VG(9) s D50G(6) sy TEMP(T) coL
COMMON /1/ ' Iv(2) o 1ID(2) s 10%50(2) coL

DATA (((G(IlsJsK)sI=194)9J=199) 4K=193)1/1609063904090093019343092.,5C0L
192e0950499¢0910¢592040911¢0926,0950¢0014000916e094740+912040+9480,09C0L
221e09736092204091000.0529+409101+09390,09160040942.0916040670040923COL
300009594092720e08105040954004000¢38904090e09040910691629e659e193e79COL
440794¢19301910060918¢092840952+091760939¢037740916040927e0967409140COL
50093704093640999¢09220609630¢0,59.09160¢094104091200409810+21540,C0L
661000’2000.0’001“’00090.0'0.09101’00690-14'0-0’303’310’1-770050110(:0[.
709014e¢091540913e091940932e004740968.033140950,09100,09150,0943.0+85C0L
BeU9160.09240409716090135¢00280¢01500¢09100409202.09400,0971040/ CoL

Figure 2. Batch listing, Program COLBY.

00to0
0020
0030
0040
0050
0060
0070
0080
00950
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
0200
02190
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
o610
0620
0630
0640
0650
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1090:¢0920992¢391¢0900091065912e0911000700921e093140038.0950,0¢35.0,COL
255¢0981000110e0047¢09814091254092100975+09130409225409410.09106.0C0L
39190409320,09620090,09006090.0906030¢590¢60906090e032¢891+850.690,0COL
491240912.0910e094¢592340930.0531¢0937e0939:0951,097540910540952000C0L
578-09lZOoOQ190.0;83.0’130-0’210-09360.09115.09190.0’305-09550o000.C0L
609060900000e60900490009060904092¢6991¢490639000913009124097e79+3.0525C0L
Te09029409304093040941.,095040970,099340957.0975, 0,110 09160.0091-001COL
830¢09200409330.09125,0919040929040951040/7 " 3.2 - coL
. DATA ((F(I19J)s1=295)9J=1910)/1,109146092.6094. 70!1 10)1.65’2 71594,C0L
L 190914109148093.005542091 1591.90,3 6097e00916209240594+1098.,3091,2C0L
221242095¢209114205122592+6097.80+22» 00,1 2793.00’9.60929 00s1¢3053COL
" 3640912.000410005144094490922.00911040/° ﬂye: coL
T PDATA (F(lel)el=1910)/1¢0914091,001e001% 09100,100'1 091.0'1 0/ coL
~ DATA ((T(IsJ)eI=197)9J=154)/1.2091415+140590:9690.9090¢ 8570.8291 3coL

1591¢25914129069290.8690,8050,7591. 55v1 4091l 20’0-9000 80’0071’0 65C0L
292¢0091e6091¢25904849047190462,0.557 R : coL

DATA (DF(1)9sI=1910)/06109042090030+0. 60!1 0092.00’6 00!10.00:20-00COL
191eE2/9{CF(I)91=195)/9409)eE495eE4914ES59145E5/ . - CoL
DATA (P(1)s1=1911)/0,60+0.9091,0014000.83+0, 60v004010.2590 1590.09C0OL
190605/9(DP(1)91=1311)/0e109001590.20004309064090+50+0.6090470+0,80COL
29069091400/ 9(DG(I)9I=194)/0e109)00901040010060/9(VG(I)91I=199)/1e051COL
3¢59200930094e¢095¢0364098¢091060/9(DS0G(1)91=196)/041020+209043090,COL
4409046090, BO/o(TEMP(I)’I 197)/3200940.0050v0970 0+80. 0!90¢09100.0/COL

. _ READ-530, NDATA

. coL

DO 580 N l,NDATA b A;-;< coL

- _READ 600; V'D’N!TF’DSO’FML eETL O COL

PRINI 630 - . coL

6409 N’V'D’N'TF!DSO,FML. coL

REMARK = SHOK: : h coL

IF ((D50.LT. 0506(1)).0R (Dso.GT.DsoG(e))) GO T0 loo coL

GO TO 110 ~« — - , coL

REMARK = 5HO0R coL

P 60 10 560» : coL
el v coL
C LOCATE APPROPRIATE VD050 GRID coL
C St coL
' 110 _.CONTINUE coL
’ IF ((DsLTWDG(1)) o0R, (DeBTLDG(4))) GO TO 120 coL

GO0 TO 130 coL

120 REMARK = SHOOR coL
GO TO 560 ERR-A coL

130 IF ((VJLTeVG(1))4OR. (VBT VG(9))) 6O TO 140 ~ . = coL
GO TO 150 AR A coL

140 REMARK = SHOOR R coL
GO TO 560 . - con T coL

150 IF (TF.EQ.04) TF = 600 ' R coL
IF (TF = 32.) 16041705170 " : coL

160 REMARK = SHTOOR s . coL
TF = 32, ) : coL

170 IF (TF = 100) 190+190+180 P coL
180 REMARK = SHTOOR . . L coL
TF = 100, . N ) P coL

190 CONT INUE . : . coL
DO 220 1 = 1,3 : s coL

IF ((DeGEDG(I)) e AND o (Dot E«DG(I + 1))) GO TO zoo o coL

GO TO 210 1. co.

200 101 = 1 coL
102 =1 + 1 coL

G0 TO 230 , coL

210 CONTINUE coL
220 CONTINUE coL
230 CONTINUE coL
00, 270 I = 148 coL

IF (V.EQeVG(I + 1)sAND,V LT.VG(Y)) GO TO 250 coL

IF ((VeGE.VG(I)) eAND. (V4 EL.VGI(] + 1))) GO T0.240 coL

GO TO 260

~ DATA L (CGIIidikI9I=154) 2 U= 99T 5K24567/0405040%0.07050705 75505335 0%COL~ 0660~
0670 .-
0680 < .

0690
0700
0710
0720

0730
0740

0750

0760

0770

0780 ..
0790
0800,
0810:
0820:

0830

0840 °.
0850.. .. .

0860

0870 .

0880

0890 i
0900

0910
0920
0930
0940
0950
0960
0970
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
11190
1120
1130
1140
1150
1160
1170
1180
1190
1200

1210 .

1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
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240 vl = 1 COL 1330
v = 1 + 1 COL 1340
GO TO 280 coL 1359
250 Ivi =1 + 1 COL 1360
Iv2 = 1 + 2 coL 1370 |
G0 TO 280 coL 1380 |
260 CONTINUE CoL 1390
270 CONT INUE CoL 1400
280 CONTINUE COL 1410
D0 310 I = 1+5 CoL 1620
I IF ((DS0.GE.DS0G(1)) +AND, (D50LE.DS0G(I + 1))) GO TO 290 COL 1430
G0 TO 300 COL 1440
290 IS0l = 1 : COL 1450
10502 = 1 + |} COL 1460
GO TO 320 CoL 1470
300 CONTINUE COL 1480
: 310 CONT INUE .COL 1490
320 CONTINUE ’ CcoL 1500
1ID(1) = 101 _ COL 1510
l I0(2) = 102 COL 1520
IVI(l) = Ivl coL 1530 !
IV(2) = Iv2 v : coL 1540 !
1050(1) = 1ID501 . CoL 1550
I1050(2) = 1D502 CoL 1560
ISTOP = 0 coL 1570
c COL 1580
c COMPUTE UNCORRECTED SEDIMENT TRANSPORT RATEy GTUC IN TONS/DAY/FT COL 1590
c COL 1600
l CALL SEDTRN (GTUCsIV1sIV2,1ID1+sID2+1ID5019105025V90DsD505ISTOP) COL 1610
IF (ISTUP.EQ.1) GO TO 580 COL 1620
IF (TF = 604) 34093309340 COL 1630
330 CFT = 1, ' COL 1640
GO TO 390 COL 1650
340 CONT INUE COL 1660
PO 370 1 = 16 ‘ COL 1670
IF ((TFWGELTEMP(I)) sAND«(TFLLELTEMP(I + 1))) GO TO 350 COL 1680
60 Tu 360 - COL 1690
350 1T} = 1 : coL 1700
II 112 = 1 + 1 coL 1710
GO TO 380 . : coL 1720
360 CONTINUE coL 1730
370 CONT INUE COL 1740
380 CONT INUE COL 1750
c COL 1760
c COMPUTE TEMPERATURE CORRECTION FACTORs CFT coL 1770
c ‘ COoL 1780
CALL TMPCOR {CFTsIT1+IT2510191D29TFsD) COL 1790
390 CONTINVE CcoL 1800
IF (FML = 10.) 40054004410 ' CcoL 1810
400 CFFML = 1. COoL 1820
GO TO 500 CoL 1830
l 410 CONT INUE COoL 1840
IF (FML+GTe1le5E + S) REMARK = SHFOOR COL 1850
DO 430 I = 149 CoL 1860
IF ((DeGELDF{I)) «ANDe (DsLESDF(I + 1))) GO TO 420 COoL 1870
GO TO 430 cOL 1880
420 iI0D1 = 1 coL 1890
V2 =1+ 1 . COL 1900
GO TU 440 o CoL 1910 |
430 CONT INUE RGETR coL 1520
l 440 CONTINUE . : ‘ S COL 1930
IF (FMLJLEJ1.5E + 5) GO TO 450 - . a COL 1940
1Fl = 4 . CoL 1950
1IF2 = 5 ’ COL 1960
I G0 TO 490 y coL 1970
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FeoT T CONTINUE ‘ P I e COL 1980
ETEe DO 480 1 = 1s4 : i o coL 1990
R IF ((FMLeGESCF(I)) «ANDW (FML,LELCF{I ¢ 1))) GO TO 460 coL 2000
GO TO 470 coL 2010
460 . 1IF1 = [ : CoL 2020
. IF2 =1+ 1 . coL 2030
R GO TO 490 COL 2040
470 ) CONTINUE i . COoL 2050
480 CONTINUE ’ coL 2060
4990 CONTINUE coL 2070
c - CoL 2080
c COMPUTE FINE MATERIAL LOAD CORRECTION, CFFML coL 2090
¢ coL 2100
CALL FMLCOR (CFFML9IFYlsIF2910191I025D9FML) ' coL 2110
500 CONTINUE coL 2120
. CFMD = 1, COL 2130
IF ((DS50.6Te0e20) ¢ ANDe (D504 Ee0430)) GO TO 550 COL 2140
DO 530 I = 1,10 CoL 2150
IF ((D50GEDP{1)) «AND. (DSOLLELDP(I + 1))) GO TO 510 CoL 2160
GO TO 520 coL 2170
510 1Pl = | COL 2180
P2 =1 + 1 COoL 2190
GO TO 540 cot. 2200
5290 . CONT INUE . COoL 2210
. 530 CONTINUE coL 2220
540 CONTINUE CoL 2230
[o COL 2240
c CUMPUTE BED MATERIAL SIZE CORRECTIONs CFMD COL 2250
(o ’ COL 2260
CALL MDCOR (CFMDsIP1sIP2+050) coL 2270
550 CONTINUE ' coL 2280
CFO = (l. + (CFT # CFFML = 1.) # CFMD) © COL 2290
GT = GTUC # CFO # w COL 2300
___PRINI.650, GT ¢ REMARK coL 2310
T BRINI.610s CFTsCFFMLyCFMD,CFO coL 2320
GO TO S70 CoL 2330
560 CONTINUE coL 2340
. 2 6209 REMARK COoL 2350
570 CONTINUE - COL 2360
C COL 2370
580 CONTINUE coL 2380
C COL 2390
sToP ] : ] CoL 2400
(o} CoL 2410
590 FORMAT (195) . : CoL 2420
600 FORMAT (6F10.2) COL 2430

610 FORMAT (SX»31HTEMPERATURE CORRECTION FACTOR 013X9#10.3,/s5Xo coL
1 38HFINE MATERIAL LOAD CORRECTION FACTOR +6XeF10e39/95Xs44HMEDIANCOL

2 BED MATERLIAL SIZE CORRECTION FACTOR 9F10e39/95X, 25HOVERALL COCOL
3RRECTION FACIOR919X9F10a39///) cou
620 FURMAT (5Xs38HCOMPUTATIONS COULD NOT BE CARRIED QUT +/5Xs34HDUE TOCOL
1 VATA OUT OF RANGE IN COLBYSs/5Xs8HREMARK= sR10) coL
630 FORMAT (//99X+33RCOMPUTATION OF TOTAL BED MATERIAL9/10X926HTRANSPOCOL
1RT BY COLBYS METHODs//) coL
640 FORMAT (5X94ASET +15/5Xs2THAVERAGE VELOCITY vFl2.2912H FCOL
1Te/SEC. .  3/5Xe27THHYDRAULIC DBEPTH oF12.2912H FT, coL

2 »/5XK9y2THWATER SURFACE wiIDTH 9F12.2912H FT. 9 /5X927HCOL
ITEMPERATURE 9F12e2912H DEGFAHREN.s/5X e 2THMEDIAN BECOL

4D MATERIAL SIZE yF1243912H Mpe 9 /5Xe 2THF INE MATERIAL CONCCOL
SENTRATIUNsFl2e2912H PPM, v/) ’ coL
650 FORMAT (5X924HBED MATERIAL TRANSPORT =9F10els12H TONS/DAY 2/5X99COL
IHREMARK = ¢R10) CcoL
EiND coL
SUBROUTINE SEDTRN (GTUCIV1elIVoslID1sIL2+1050191D5029V+090509ISTOP)COL
CUMMON /CLBY/ G(49946) y F(%010) y T(T7e4) ’ coL

1 P(11) s DF(10) s CF(5) sy DPOID) ’ coL

2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
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2 - 06G(a) y VG(Y) y D506(6) y TEMPU(T) COL 2640
COMMON 71/ Ivi2) s (1D(2) y IDS0(2) COL 2650
DIMENSION 6T1(2) sy GT(2) COL 2660 :
DO 110 I = 192 CoL 2670 i
110 = I1D(L) COL 2680 !
X = ALOGLO (V) COL 2690
DO 100 K = 142 coL 2700
11050 = JD50(K) coL 2710
Xl = ALOGlO(VG(IV])) coL 2720
X2 = ALOGLO(VG(IV2)) ' CcoL 2730
IF {G(IIDsIVIIIDS0)eLE«Qe) GO TO 120 COL 2740
Y1 = ALOGLlO(G(IIDsIV1s11Ip50)) CoL 2750
IF (GU{IIDeIV291ID50) ¢LEene) GO TO 120 CcoL 2760
Y2 = ALOGLO(G(IIDsIV2911D50)) coL 2770
100 GT1(K) = Y1 ¢ (X = X1) * (Y2 = Y1)/(X2 = X)) coL 2780
X = ALOGIV(D50) coL 2790
Xl = ALOGLO(DS0G(IDS01)) . COL 2800
X2 = ALUGLO0(D5¢G(ID502)) . COL 2810
Yl = GT1(}l) COL. 2820
Y2 = 6T1(2) COoL 2830
110 GT{I) = Y1 + (X = X1) # (Y2 = yl)/(X2 = X)) COL 2840
X = ALOG1l0{D) COL 2850
X1 = ALOGlO(LG(IDY)) - COoL 2860
X2 = ALOGlO(LG(ID2)) , CoL 28170
Yi = G67(1) . COL 2880
Ye = 67(2) . CoL 2890
Z = Y1 + (X = X1} # (Y2 = Y1)/ (X2 = X1) COoL 2900
GIUC = 10, # & 2 ) CoL: 2910
60 TO 130 ' coL 2920
120 (SToP = 1 ,COL 2930
140 COL 2940
130 RETURN : ] COL 2950
c . COL 2960
140 FORMAT (10X,37HCOMPUTATION COULD NOT BE CARRIED OUT +/10Xe41HOUE TCOL 2970
10 DATA QUT OF RANGE IN QS VS V GRAPH,.//) coL 2980
END COL 2990
SUBROUTINE TMPCOR (CFTeIT1leIT2,ID151ID2+TFsD) coL 3000
CUMMON /CLBY/ . G(49946) » F(5+10) y T(Te4) ’ coL 3¢lo0
1 P(11) » DFCLLIO) "y CF(5) s DPOLID) ’ COoL 3020
2 DG (4) s VGI9) sy DS506(6) s TEMP(T) CoL 3030
DIMENSION CFi(2) s 11(2) COoL 3040
1i(1) = IT1 COL 3050
1T(2) = 1712 CoL 3060
X = ALOG10(D) CoL 3070
DO 100 I = 142 COL 3080
1ITC = IT(I} COL 3090
X1 = ALOGLO(DG(ID1)) coL 3100
C X2 = ALUGLO(DG(ID2)) coL 3110
Y1l = ALOGLO(T(ITC,ID1)) coL 3120
Y2 = ALOGLO(T(ITCs1ID2)) ' coL 3130
100 CFL(L) = Y1 + (X = X1) # (Y2 = Y1)/ (X2 = X1) ' COL 3140
X = ALOGLO(YF) coL 3150
X1 = ALOGLU(TEMP(IT1)) COL 3160
X2 = ALOGLIO(TEMP(IT2)) cot. 3170 g
Yl = CF1(1) CcoL 3180 !
Y2 = CF1(2) coL 3190
Z = Y1l + (X = X1) ®* (Y2 = Y1}/ (X2 = X1) coL 3200
CFT = 10, # # Z coL 3210
RETURN . COL 3220
END L coL 3230
SUBROUTINE FMLCOR (CFFMLeIF1sIF2s1D01,1D25DsFML) COL 3240
CUMMON /CLBY/ "5(49996) y F(S5910) s T(Te4) ’ COL 3250
1 P(11) o DF Q1O - s CF(5) s DP(IL) ' coL 3260
2 DG(4) . e VGL(9) y DSNG(6) s TEMP(T) CoL 3270
CUMMON /1/ 1vi2) “y 1D(2) s ID50(2) COoL 3280
DIMENSION IF(2) s CFM.(2) coL 3290




100

N =

16

1F¢z) = IF1

IF(2) = IF2

X = ALOG10(D)

D0 100 I = 1s2
IIF = IF(D)

X1 = ALOGLO(DF(ID1))
X2 = ALOG1O(DF (IN2))
Y1 = ALOGLO(F(IIF,1D1))
Y2 = ALOGLIO(F(IIF,1D2))

CFM(I) = Y1 + (X = X1) * (Y2 = Y1)/(X2 = X1)
X = ALOGLO(FML)

X1l = ALOGIO(CF(IF1))
X2 = ALOGlU(CF(1F2))
Yi = CFM(])
Y2 = CFM(2)

Z =Yl + (X = X1) #® (Y2 = Y1)/ (X2 = X1)
CFFML = 10, # #

RETURN

END :

SUBROUTINE MDCOR (CFMDs+IP1le1P2,050)

COMMON /CLBY/ G(49916) s F(5+10) y T(T7+4)
P(ll) + DF(10) y CF(S5) s DP(1D)
DG(a) : v VG(9) sy D50G(6) s TEMP(T7)

X = ALOG10(D50)

X1 = ALOG1O(LP(IP1))
X2 = ALOGL1O(LP(IP2))
Y1 = ALOGlO(P(1IP1))
Y2 = ALOGlO(P(L{P2))

Z =Yl + (XK = X1} # (Y2 = Y1)/ (K& = X1)
CFMD = 10, # # Z

RETURN

END

CoL
coL
coL
cou
coL

‘coL

coL
coL
coL
coL
cou
cou
coL
coL
coL
coL
coL
coL
CcoL
coL
coL
coL
coL
coL
coL
coL
coL
coL
coL
cou
coL
coL

3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
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PROGRAM COLBYI : COLlo010
1 UINPUTSOUTRUT) - coLioo20
COLI0030
COLI10040
DEVELOPED COLORADU STATE UNIVERSITY ENGINEERING RESEARCH COLI0050
CENTERs FORT CULLINSsCULOKADO 650523 COLI0060
PURPOSE COMPUTATION OF BED MATERIAL LOAD BY COLBYS CoLIgo70
METHOD coLl0080
REFERENCE CULBYsBeRay DISCHARGE OF SANDS AND MEAN VELOCITYCOLI009¢
RELATIONSHIPS IN SAND=BED STREAMSs PROFESSIONAL COLIOIQO
PAPER 462=-Ay 19649 UsS. GEOLOGICAL SURVEY. CoLIo110
CORE USAGE COC 6400 SCOPE 3.3 SYSTEM DEFAULT VALUES coLlo0i20
43000 OCTAL. CoLI0130
COMPILATION TIME APPROXIMATELY 5 SEC. CoLIO0140
CENTRAL PROCESSOR COLIO150
TIME FOR ONE COL10160
SET OF DATA LESS THAN 0.0% SEC. COLIOLITO
coLIolso
INPUT AND OUTPUT DESCRIPTION coLlolsu
coLiozo0
- THE FIRST CARD IN THE INPUT LOGICAL RECURD SHOULD CONTAIN THE coLlozio
VALUE OF NOATAsIN FREE FORMAT.NDATA IS THE NUMBER OF SETS OF INPUTCOLIV2Z20
DAYA TU BE FED TO THE COMFUTER AT A TIME. A SET OF INPUT DATA CoLI0230
CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY A PROBLEMy COLI0240
AS DETAJILED BELOW, coLloeso
. coLlv2eo
THE FIRST CARD IN INPUT IS FOLLOWED BY THE SETS OF INPUT DATA, coL10270
TO BE PUNCHED IN FREE FORMAT €OCoLI0280
A SET OF INPUT DATA CONSISIS Of THE FOLLOWING VARIABLES. €COoLI0290
1) AVERAGE VELOCITY v FePoeSe COL10300
2) HYDRAUL1IC DEPTH D FTe COLI0310
3) WATER SURFACE #IDTH W ‘ FTe coLio3zo
4) TEMPERATURE TF DEG+.FAHREN, COL10330
5) MEDIAN BED MATERIAL SIZE 050 MM COLI0340
6) FINE MATERIAL CONCENTRATION FML PPM, COL10350
‘ COLI0360
QUTPUT CONSISTS OF THE TOTAL BED MATERIAL TRANSPORT IN TONS/DAYs COLI0370
AND A REMAKK ON HOW THE CUMPUTATIONS WERE CARRIED OUT. coLio3so

IF  REMARK= 0Ky THE COMPUTATIONS WERE CARRIED OUT SUCCESSFULLY. CoLlo390
IF  REMARK= OQRs VELOCITYs DEPTH OR BED MATERIAL SIZE 15 OUT OF CoL10400

RANGE « CoLIO4l0

If REMARK= TOORs TEMPERATURE 1S OUT OR RANGE. coLios20

IF REMARK= FOORs FINE MATERIAL CONCENTRATION IS OUT OF RANGE. - COLI0430

VARIABLE RANGE COLI0440

AVERAGE VELOCITY 1=1U0 FePaSe COLI0450"

HYDRAULIC .DEPTH 1-100 F7T. COLI0460

WATER SURFACE WIDTH COL10470

TEMPERATURE : 32-100 DEGJFAHREN, COoL10480

MEDIAN BED MATERIAL SIZE 0el=0e8 MM, N coLlIo490

FINE MATERIAL CONCENTRATION 0-150000 PPM, COLI0500

COLIOSEY

) COL10520

COMMON /CLBY/ © G{4y946) v F(5,10) s T(Te4) ’ COLI0530

1 P(11) s DFQ1O0) s CFL(5S) » DP(11) ' COLI0540
2 DG (&) y VG(Y) vy D50G(6) s TEMP(D) CoLI0S50
COMMON /1/ Iv(2) s ID(2) s 1D050(2) COLINS60

DATA ({((G(leJoK)oI=194)9J=19G)4K=193)1/1¢0904390,0+040930193.3092,5C0LI0570
192009564994091045920e091140926,0950+091406091660947409120609480,0,COLI0U58B0
221009734092206091000.0929¢091071409390.09160040942,09160s09700+0923COLI0590
300e095940922060910504095400¢090¢3890409040900091a691029¢659¢193.79COLI060O
44079401930191060918e0928¢0952.091700039¢0377.09160,09270967409140C0LI0610
5¢0937060936409995¢09220609630,0,59409140¢0941040+4120040581209215,0,C0LI0620
661040920006090¢1490¢U90e090609141900690614904093¢393¢091079065911,C0L10630
70’14'0’15.0’13.0,1900’32.”74’.0,6800'3]'0’60.0’100.0'150.0,43.0’85c0L10640
BeU9140409240000714091350928040950060010040920240+400,09710.0/ CoLI0650

Figure 3. Interactive listing, Program COLBY.




18

DATA (((G(IsJsK) 9IZ104) 9J=199) 4KZ696)/0e0904090,0904050a7550¢3370.COLI0660"
1000,092.99203914090409104591240911409700521¢093140938.095040935,09C0L10670
255900081¢001104094740981609125.0921040975+09130409225409410405106,0C0L10680
3,190.09320.0'620.01000’0.0lo0‘)900090.590.0'0.0’0-09?089108'0.6’0.0C0L10690
4912e0312¢09100094¢5923¢09304093100937:003%0095140975409105.0952,09COLL10700
57500912000’19000,83.09130.0921000’360009115'0’19000030500’55000’0.COL1071° H
60'000!0-0’0.0'0-4909090-0’000!20991.49003'000’13.0'11.0’707’3.0925c0LI072° i
T7e0929¢0930e0930e09410095060070,0993¢0957¢097500911020016040991,06+1CO0LI0730
830+09200.,093304,0+125+09190409290.05510.0/ COoLI0740

DATA ((F(IsJ)91=295)9J=19101/1,1051e6092¢6004¢709141091e659247594,C0LI0750
1909141091.809340005¢20910159149093¢6097:0091420924059401098,3091,2C0L10760
2292:02095420911¢209102592¢6097.80922400914279340099,60529.00913053COLI0770

3e¢409012.00041¢009144094,90922009110.0/ CoLIOo780
DATA (F(lel)eI=1910)/10091e09),091e091e092e091e091a091¢001,0/ CoLlIu790
DATA ((T(Iod)2I=19T)9Ud=194)/1420910159160590:969049090e8590.8291.3CO0LI0800
159142591012900e9290e8690e8090075916559164091e209003090,80907120.65C0LI0B10
292¢0091460914259068490.7190.62,0.55/ coLI0820
DATA (OF(I)91=1910)70e1090e2090¢3000660914009260096.0091000+20.,00C0L10830
19leE2/9(CF(I)0]=195)/9e09)eC495eE491.ESe]45E5/ COLIVB40

DATA (P(I)sI=1911)1/0,605049091,0924050083+0+6090.4090,259041590,09C0L10850
" 190e05/9(DP(I)s1=1911)70041000615904209063050e4090¢5050460+4047050.80COL10860
29009091400/ 9(DG(I)9I=194)/0s10410091040510040/9(VG{I)91=199)/140+1COLL08BT70
3¢592¢09340944095e096409840010.079(0506(1)91=196)704105042090.300.COLI0EBO
4409006090480/ 9 (TEMP(1)91=197)/324094040950e0970.0980.0990409100,0/COLI10890

PRINT 610 coLI10%900
PRINT 620 ' © COL10910
READ  #» NDATA COL10920
DU 580 N = 1sNDATA _ _ - COLI0930
PRINT 630 COL10540
READ ¢ V COL10950
PRINT 640 COL10960
READ #, D CoL10970
PRINT. 650 : €oL10580
READ  #, W COL10990
PRINT 660 CoLI1000
READ  #, TF coLliolo
PRINT 670 CoL11020
READ  #*, FML €oL11030
PRINT 680 COLI1040
READ  #, D50 COoLI1050
PRINT 6903 NoVsDsWsTF9D50sFML COL1I1060 |
REMARK = SHOK ' coLIlo70 |
IF ((D50.LT.0506(1)).0R.(D50GT+D506(6))) 60 TO 100 CoLIl080 |
GO TO 110 COLI1L90 |
100 REMARK = SHOOR COLI1100 |
G0 TO 560 coLIlllo
c coLIli2o
c LOCATE APPROPRIATE  V,DsDS0 GRID : COLI1130
c , COLI1140 |
110 CONTINUE COLI1150
IF ((Del.TeDG(1))sORW(D.GT4DG(4))) 60 TO 120 CoLI1160 l
60 TO 130 - COoLLI1170
120 REMARK = SHOOR coLi1180 }
60 TO 560 COLI1190 |
130 IF ({VeLTaVG(1))s0RM(V.GTaVG(9))) LO TO 140 coLilz00
GO TO 150 . CoLI1210
140 REMARK = SHOOR ' coLllz20
G0 TO 560 : CcoLI1230
150 IF (TF.EGe04) TF = 60, : CcoLlIl2s40
IF (TF = 32.) 16091709170 - CoLI1250
160 REMARK = SHTOOR coLliz260
TF = 32, . CoL11270
170 IF (TF = 100) 19051905180 oL 11280
180 REMARK = SHTOOR ‘ COL11290
TF = 100, ' : . COLI1300
190 CONTINUE » : B coLlIl3io
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ST PY 220 L= 193 T T T T e - coL11320
IF ((DeGE+DG(I)) oAND. (DLLE.DG(I + 1))) GO TO 200 COLI1330
GO TO Z10 _ COLI1340
200 10l = 1 CoLI1350
W2 = 1 + 1 coLIl360
GU TO 230 coLIl370
210 CONTINUE COLI1380
. 220 CONTINUE COL11390
230 CONT INUE COLIL400
D0 270 1 = 148 CoLIlalo |
IF (V.EQeVG(I + 1) ¢AND.V,LT.VG(9)) GO TO 250 CoL11420
IF ((VeGEoVG (1)) oAND (Vo ELVGII + 1))) GO TO 240 COLI1430
. G0 TU 260 COLI1440
240 IVl = 1 COLIL450
Ive =1 + 1 COLI 460 |
GO To 280 coLIl4r0 %
l 250 IVl = 1 + 1 coLIl4B0 }
Ive = [ + 2 COL11490
GO TO 280 ° CoLIlS00
260 CONT INUE COLILS10
l 270 CONT INUE ' COLI1520
280 CONTINUE : ‘ COLI1530
DU 310 | = 145 COLI1540
IF ((D50.GE.D50G(I)) «AND, ({DS50.LE.DSOG(I + 1))) GO TO 290 CoL1I1550
GO TO 300 COLI1560
I 290 10501 = 1 COLILSTO
10502 = 1 + 1 . COoL11580
GO TU 320 COLI1590
300 CONTINVE ,COLT1600
310 CONTINUE CoLI1610
l 320 CONT INUE CoLIL620
1u{l) = 1D o COLI1630
ID¢2) = 102 coLlie4o
IV(L) = IVl CoLIl650
IvV(2) = 1v2 CoLIlb660
1050¢1) = 10501 coLIleT0
1050(2) = 10502 COLI11680
ISTOP = © ‘ COLI1690
c COLILT00
c COMPUTE UNCORRECTED SEDIMENT TRANSPORT RATEs GTUC IN TONS/DAY/FT COLILT710
c coLii720
CALL SEUTRN (GTUCsIV19IV2,IDlsID2sIDS01910502sVeD9D509ISTOP) CoOLIlT30
IF (ISTOP.EQ.1) GO TO 580 COLI1740
IF (TF = 604) 34053309340 CcoLI1T750
330 CFT = 1, CoLIL760
G0 TO 390 COLILITTY !
340 CONT INUE COLIL780
DO 3701 = ls6 coLIl790 |
l IF ((TFGESTEMP(I}) sAND+(TFLLE.TEMP(I + 1))) 6O TO 350 COLI1B800 i
GO TO 360 COLILB1O
350 IT1 = I coLi1820
112 =1+ 1 coLI1830
60 TO 380 coLllsso |
360 CONT INUE COLI1850 :
370 CONT INUE CoLI1860
380 CONT INUE COLILBTO
c coLl1880
I c CUMPUTE TEMPERATURE CORRECTION FACTORs CFT - coLlis9o
c N ‘ COLI1900
CALL TMPCUR (CFTsIT19IT2,ID19ID2sTF4D) COLI1910
390 CONTINUE : : , coLilvav
IF (FML = 10o) 40054009410 . - . coLI1930
400 CFFML = 1. C COLI1240 !
GO TO 500 : COLI1950
~ CONTINUE : COLI1960
' L~ 1F (FML4GTW145E +.5) REMARK = SHFOOR CoL11970
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000
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S D0 430 L = Qg9 T T TT o e s e - : ~-COL11980
IF ((DeGELOF (1)) «AND&(DLE.DF(I ¢ 1))) GO TO 420 CcoLI1990
GO TO 430 coLizo00
420 - D1 = 1 coLIz010
102 =1 +1 coLlzo020
. GO TO 440 coLlIz2o030
430 CONT INUE CoOLI2040
440 CONT INUE CoLI2050
IF (FML.LE.1+5E + 5) GO 10 450 coL12060
IF1 = 4 .COLI2070;
IF2 =5 coL12080
G0 TO 490 _ ' coLI2090
450 CONTINUE coLli2lo0
DO 480 1 = ls4 coLr21i0:
IF ((FMLGESCF (1)) «ANDJ(FML.LECCF(I + 1))) GO TO 460 cowLli212o!
GO TO 470 coLlzi3o:
460 IF1 = 1 o COL12140:
IF2 =1+ 1 . COLI2150]
GO TO 490 _ S e COLI2160:
470 CONT INUE : Lo e E coLi2i7o:
480 ~ CONTINUE - coL12180.
490 CONTINUE:" _ 5 , coLI2190
. : : » $ s o S S . coLlzz200
COMPUTE FINE MATERIAL LOAD CORRECTIONs CFFML 7~ . -%7 © 0 coLIz2210
: : - ' ' coLiz220
CALL FMLCOR (CFFMLoIF19IF2+1D1+1D2+DsFML) coLi2230
500 CONT INUE ’ coLizz40
CFMD = 1, : coLi2250
IF ((D50eGTe0e20) s ANDo (DS0.LE0430)) GO TO 550 coL12260
DO 530 1 = 1910 coLl2270
IF ((DSO0.GE.DP (1)) +AND. (DpS0.LELDP(I ¢ 1))) GO TO 510 coL12280
GO TO 520 : coLlz290
510 1Pl = 1 : : coLi2300
P2 =1 +1 coLiz3io
GO TO 540 o - coLla3zo
520 CONTINUE coLI2330
- 530 CONTINUE ~ co e COLI2340
540 CONTINUE coL12350
coL12360
COMPUTE BED MATERIAL SIZE CORRECTIONs CFMD coLlIz370;
coLI2380]
CALL MDCOR (CFMDsIP1sIP2,0D50) i COL12390 ]
. 550 CONT INUE . COLI2400]
CFU = (1. + (CFT # CFFML = 1) # CFMD) .. ... COLIR2610!
GT = GTUC * CFO # W R Lo COLI2420:
PRINT 700+ GT»REMARK - S CcoLI2430
PRINT 5909 CFT,CFFMLsCFMDsCFO - o coLI2440
GO TO S70 : coLI2450
560 CONTINUE COLI2460]
PRINT 600s REMARK : . COLI2470|
570 CONTINUE coLiz2480
CoLI2490
580 CUNTINUE CoLI2500i
coL12510¢
STOP - o coLl1z2520:
coL12530

590 FORMAT (S5X+31HTEMPERATURE CORRECTION FACTOR s13X9F10439795Xe COLIZ2540
1 3BHFINE MATERIAL LOAD CORRECTION FACTOR s6X9F 10639/ 95X 44HMEDIANCOLIZ550
2 BED MATERIAL SIZE CORRECTION FACTOR sF10e34/+5X, 25HOVERALL COCOLIZ2560
IRRECTION- FACTOR919XsF10439///) coL12570
600 FORMAT (5X938HCOMPUTATIONS COULD NOT BE CARRIED OUT 9/5X934HDUE TOCOLI2580
1 DATA OUT OF RANGE IN COLBYSs/5Xs8HREMARK= #R10) coLl12590
610 FORMAT (//99A+33HCOMPUTATION OF TOTAL BED MATERIAL/10X926HTRANSPOCOL 12600
IRT 8Y COLBYS METHODs//) coLI2610
620 FORMAT (///s 32H START INPUT DATA IN FREE FORMATs//s 394 ENTER THECOLIZ2620
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, 1 NUMBER OF SETS OF INPUT DATA) , COL12630
630 FOURMAT (//////3% 32H ENTER THE FOLLOWING INPUT DATASs//s 38H  AVERCOLIZ640 -
1AGE VELOCITY IN FEET PER SECOND) CoL12650
640 FURMAT ( 26H  HYDRAULIC DEPTH IN FEET) COLI2660
650 FUKMAT ( 30H WATER SURFACE WIOTH IN FEET) coLIz2e70
660 FORMAT ( 36H WATER TEMPERATURE IN DEG. FAHREN,) COL12680
670 FURMAT ( 49H FINE MATERJAL CONCENTRATION IN PPM, BY WEIGHT) COL12690
680 FORMAT ( 334  MEUDIAN BED MATERIAL SIZE IN MM) coLizroo
690 FURMAT (/SXe4HSET +I5/5Xs2THAVERAGE VELOCITY 9F1242512H COLIZT10
1IFTW/SEC, 0 /5X9 2THHYDRAULIC DEPTH sFl2.2912H FT, coLizr20

2 9/SXs2THAATER SURFACE WIDTH 2Fl2.2912H FT, +/5X927COL12T730
3HIEMPERATURE 9F12¢2912H DEGSFAHREN, s/5X92THMEDIAN BCOL12740
4ED MATERIAL SIZE 2F12.3912H MM, 9/5Xs 2THF INE MATERIAL CONCOLI2750
SCENTRATIONsF 12+42912H PPM. s /) coLlz760
700 FORMAT (5X924MHBED MATERIAL TRANSPORT =4F10.1s12H TONS/DAY 9/5%X59COLIZT7T70
1HREMARK = 4R10) coL12780
END coLizr9o
SUBROUTINE SEDTRN (GTUC»IVYsIV2eID19ID2+1050191D502eVeDsD50,1ISTOP)COLIZB00
COMMON /CLBY/ G{419+6) s F{5410) y T(794) ’ CcoLIZ28l0

1 P(11) s DF(10) s CF(5) » DPO1L) ’ coLl12820

2 06(4) + VG(9) s DS0G(6) s TEMP(T) : coL12830
COMMON /1/ Iv(2) s JL(2) s ID50(2) COL12840
DIMENSION GT1(2) sy GT(2) coL12850

DO 110 [ = 1s2 _ COLIZ2860

110 = 1D(1) coLl12870

X = ALOG1O (V) CcoLI2880

DO 100 K = 142 coL12890

11050 = 1050(K) ) CoL1I2900

X1 = ALOGLO(VG(IV1)) ' CcoL12910

X2 = ALOGlU(vG(Iv2)) coLlzeen

IF (G(IIDsIV1sI1I050).LE.qgs) GO TO 120 coLIZ2930

Yl = ALOGLO(G(IIDsIV19I1p50)) COLI2940

IF (G(IIDsIV2y11D50)4LEsge) GO TO 120 cuLlzgeso

Y2 = ALOGLO(G(IIDsIVZ2y1IDn50)) CoL 12960

100 GTL(K) = Y1 + (X = X1) # (Y2 = Y1)/ (X2 = X1) coL12970
X = ALOG10(D50) COL12980

X1 = ALUGLO(DS0G(ID501)) CoLI299%0

X2 = ALOG10{(DS0G(IDS02)) CoLI3000

Yl = GT1(1) : COLI3010

Y2 = 6T1(2) coLI3020

110 GT(I) = Y1 & (X = X1) # (Y2 = y1)/(X2 = X1) COLI3030
X = ALOGLO(D) COLI3040

X1 = ALOGlU(DG(IDL)) COLI3uS0

Xe = ALOGlo(uG(IDz)) COL13060

Yl = GT(1) COoLI3070

Yz = G1(2) ' coLI3080

Z = YL ¢ (X = X1) # (Y2 = Y1)/ (X2 = X1} coLI3uvo
GTUC = 10, # ¢ Z COL13100

GO TO 130° . coLI3110

120 ISTOP =1 v . coL13120
PRINT 140 ! COLI3130

130 RETURN CoLI3l40
_ coLlIsLs0

140 FORMAT (10Xs3THCOMPUTATION COULD NOT BE CARRIED QUT »/10Xs41HDUE TCOLI3160
10 DATA OUT OF RANGE IN QS VS V GRAPHs/) coLi3ivo
END CULI3180
SUBROUTINE TMPCOR (CFTsIT1s1T2,ID191029TF D) coLI3190
COMMON /CLBY/ G(49996) s F(5410) e T(T44) ’ coLI3200

1 P(11) s DFL1O) y CF(5) vy DP(1L) sy . COLI3210

2 DG4 9 VG y D50G(6) s TEMP(T) coL13220
DIMENSION . TCFI(2) y 1T(2) coL13230
1IT(LH = IT1 S . - . CoL13240
IT(2) = 1712 : e : - coL132s0

X = ALUGLO (D) cL - coLI3260

00 100 I = 1+2 : coL13270

ITC = I1T(D . . coLl3aso

X1 = ALOG1O(DG(ID1)) . coL13290
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X2 = ALOG10 (D6 (1D2)) - coLI3300
Y1 = ALOGLO(T(ITCsIDY)) COLI3310
Y2 = ALOGLO(T(ITCoID2)) , T coLI3320 | l
100 CFLI(I) = Y1 + (X = X1) & (Y2 = Y1)/(X2 =~ X1) COoLI3330
X = ALOGLO(TF) . COL13340
X1 = ALOGIOG(TEMP(ITL)) COLI3350
X2 = ALOGLU(IEMP(]T2)) T coL13360
YL = CFL(1) ' : coLia3ro
Y2 = CF1(2) COL13380
Z s VYl + (X = X1) # (Y2 = Y1)/ (X2 =~ X1} CoL13390
CFT = 10. # # 7 COLI3400
RETURN ' COL13410 I
END COLI3420
SUBROUTINE FMLCOR (CFFMLeIFlsIF2+ID191029DeFML) COL13430
COMMON /CLBY/ G(4s94+6) s F(5,10) » T{794) ’ COL13440
1 ) P{1L) y DF(10) s CF(5) » DPOID) ’ coL13450
2 DG(4) » VG(9) s D5061(6) sy TEMP(T) COLI3460 I
CUMMON /1/ vi2) s 10(2) s 1D50(2) COLI3470
DIMENSION IF(2) s CFM(2) COL13480
IF(1) = IFl . COLTI3490
1IF(2) = IFe COLI3500
X = ALOG10 (D) coL13510 '
DU 100 I = 1+2 COL13520
I1IF = IF(1) COLI3530
X1 = ALOGLO(DF(ID1)) , COLI3540
X2 = ALOGLO(DF(ID2)) : COLI3550
Y1 = ALOGLO(F(IIF.ID1)) COL13560
Y2 = ALUGLO(F{IIF,1D2)) : coLli3sro
100 CFM(I) = Y1 + (X = X1) # (Y2 = Y1)/(X2 = X1) , COLI3580
X = ALOGL1O(FML) COL13590
X1 = ALOGIU(CF(IF])) COL13600 :
X2 = ALUGL1O(CF(IF2)) COLI3610
Yl = CFM(1) CoLI3620
Y2 = CFM(2) . COLI3630
2 = Yl 4+ (K = X1} # (Y2 = Y1)/ (X2 -~ X1} COLI3640 l
CFFML = 10. * # Z COLI3650
RE TURN COLI3660
EnD CoLI3670
SUBROUTINE MOCOR (CFMD»IP1+1P2,D50) : coLI3680
CUOMMON /CLBY/ G(41946) s F(5910) s T(T+4) ’ COL13690
1 P(LY) s+ DF(10) sy CF(5) e DP(11) ’ CoL1I3700
2 DG (4) s VG(9) s DS0G(6) s TEMP(T) coL13710
X = ALOG10(DS0) coLl13reo
X1l = ALOGLO(DP(IP1)) coLI3730 I
Xe = ALUG1U(LP(IPZ2)) COLI3740
Yl = ALOGLU(F(IP1)) COLI3750
Y = ALOGIO(P(IP2)) COLI3760
Z = Y1l ¢ (X-= X1) #* (Y2 = Y1)/ (X2 = X1) COL1I3770
CFMD = 10, » # 7 cCoLI3780 I
RETURN CoLL3790
END . : cOL13800







ELECTRONIC COMPUTER PROGRAM ABSTRACT

TITLE OF PROGRAM: EINSTN 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 bed load by Einstein's method.

References: (a) Einstein, H. A., "The Bed-Load Function for Sediment
Tranéportation in Open Channel Flow,'" Technical Bulletin 1026, U.S.
Department of Agriculture, September, 1950; (b) Simons, D. B., and

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

tions, Fort Collins, Colorado, 1977.
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.




c.

METHODS: The program is written in Fortran IV in both batch or time-
share processing modes. All stops would be unprogrammed, resulting
from improper input variable.

EQUIPMENT DETAILS: The program was aeveloped on a CDC Cyber 172 but
can operate on any compatible system without special equipment.
Normal configuration of CPU, reader and printer are necessary to run
the program in batch mode.

INPUT-OUTPUT: Input requirements are: Number of data sets, number
of sediment size fractions, type of sediment size distribution (log-
normal or specified as input), frequency of sediment data input,
discharge (cfs), mean velocity (ft/sec), hydraulic depth (ft), stream
width (ft), energy slope (ft/ft), kinematic viscosity (ft2/sec),
median bed material size (mm), gradation coefficient, sediment sizes
(mm) and corresponding percentagesvif the sediment size distribution
was to be specified, D65 and D35 (mm). Output includes input data
and bed material tramnsport rate.

ADDITIONAL REMARKS: Complete documentation of this program is avail-

able and the method can be used for design purposes.




PART I: ENGINEERING DESCRIPTION

PROGRAM NUMBER:

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

REVISION LOG: N/A '

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.
STEP SOLUTION:
a) The input variables that must be supplied a;e:
1 -~ Number of data éets (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 estiﬁate of hydraulic radius (RT), ft

6 - Stream width (W), ft

7 - Energy slope (SS), ft/ft




b)

8 - Kinematic viscosity of water (VK), ft2/sec

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

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

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

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

15 - Dys (D35), mm, ifb IDIST

16 - D, (D65), mm, if IDIST

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

data sets.

Variables (11) through (16) are read in if IDIST = 0. 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.

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.

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.

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

0

0

The search balances the resistance along the two




c)

d)

e)

£)

Calculate the abﬁa;éﬁt roughness diameter, DELT, and the ratio of
DELT/DELTA. Determine the characteristic grain size of the mix-
ture based on this ratio.

Compute the ratio of D65 to the laminar sublayer thickness, X8.
Call subroutine FIG8, which returns the value of the pressure

correction for rough-smooth transition, Y8.

Compute the logarithmicbfunction, BETAX, and the parameter of

total transport, PP.

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 - Cbmpute the intensity of shear for individual particles, PSIS.

4 - Call subroutine FIG10 which returns the value of the intensity
of transport for individual grain size, Y10.

5 - Using Y10 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 XIl, XI2, XJ1, XJ2.

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

material for each size, TSD.




6.

g) Sum transport of individual dizes to obtain total transport.
g) Print input data and sediment transport by sizes and in total.

ACCURACY: N/A




PART II: .COMPUTER FUNCTION 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 the batch mode.

4. 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 belowf For time~share mode the user is prompted for nec~
essary inputs.

5. SECONDARY STORAGE INPUT FORMAT: None

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

input variables:

NAME DESCRIPTION FORMAT
NDATA Number of data sets 15 Card 1
IDIST Type of sediment size distribution.

If IDIST = 0, size distribution is

read in; if IDIST = 1, a lognormal

distribution is computed. I5 Card 2
ISED Frequency of sediment data input.

If ISED = O one size distribution

is used for all data sets; if ISED

= 1, a new size distribution is read

in for each data set. 15 Card 2

DISCH Water discharge, cfs F10.2 Card 3
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DESCRIPTION FORMAT
Hydraulic radius, ft F10.2 Card 3
Stream width, ft F10.2 Card 3
Energy slope, ft/ft E10.4 Card 3
Kinematic viscosity, ft2/sec E10.4 Card 3
Median sediment size, mm F10.4 Card‘4
Gradation coefficient F10.4 Card 4
Number of sediment sizes I5 Card 4
Upper bound sediment size, mm F10.4 If IDIST
=0
Lower bound sediment size, mm F10.4 Card 5
through
Sediment percentage array F10.4 5+ NSIZ
Sediment size for which 35% of sample
is finer, mm F10.4 Card
5 + NSIZ
Sediment size for which 65% of sample + 1 if
IDIST = 0
is finer, mm F10.4

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

IDIST = 0 and ISED = O.

Repeat Cards 3 through 5 + NSIZ + 1 from 1 to NDATA if
IDIST = 0 and ISED = 1.

SUMMARY OF REQUIRED CARDS: (See 65
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.

OPERATOR INSTRUCTIONS: None




. .

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

improper data input.
11. VARIABLE DEFINITIONS:
A - Ratio of bed layer thickness to water depth,
BD - Bed load in each size fraction, tons/day
BETAX - A logarithmic function
CAPX =~ Characteristic grain size of mixture, ft
D - Bed material sizés, ft
DELT - Apparent roughness diamter, ft
DELTA - Thickness of the laminar sublayer, ft

DISCH - Water discharge, cfs

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

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

D35 - Particle diameter for which 35% of the sample is finer, mm;
D50M - Median particle diameter, mm. Convert to ft

D65 - Particle diameter for which 65% of the sample is finer, mm.
G -~ Acceleration of gravity, ft/sec2

IDIST - Sediment size distribution type

NDATA - Number of data sets

NSIZ - Number of size fractions

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.




RT

SD

SDB

SDS

SDT

SETV

SIGMA

SIP

S8

svp

SUPP

TSD

VELAV

VK

XIl

X12
XJ1

XJ2

X4

X7

X8
X10
Y4

Y7

10

Hydraulic radius of total section, ft

Suspended bed load by fractions, tons/day

Total bed material load, tons/day

Total suspended bed material load, tons/day,

Total sediment load, tons/day

Settling velocity, ft/sec

Gradation coefficient

Intensity of shear on representative particle, 1b/ft
Energy slope, ft/ft

Shear velocity with respect to the grain, ft/sec
Shear velocity for channel irregularities, ft/sec
Total sediment load by sizes, tons/day

Mean velocity, ft/sec

Kinematic viscosity of water, ft2/sec

Stream width, ft

Sediment diameter, mm

Value of integral Il

Value of integral I2

Value of integral J1

Value of integral J2

Ratio of bed layer thickness to water depth

Ratio of roughness diameter to the laminar sublayer thickness
Ratio of sediment diameter to characteristic grain size of
the mixture

Ratio of D65 to the laminar sublayer thickness
Intensity of shear for individual grain size
Parameter for rough-smooth tranmsition

"Hiding factor" for grains in a mixture




12.

Y10

z

11

- Intensity of tramsport for individual grain size

- Exponent of suspended distribution

EXAMPLE CASE:

a) Batch Mode

SET

COMFUTATION OF TOTAL RED MATERIAL
LOADl BY THE EINSTEIN EED-LOAD FUNCTION

1
WATER DISCHARGE 2820.00 C.F.S
INITIAL GUESS OF HYDRAULIC RADIUS 2,50 FT.
WATER SURFACE WIDTH 170.00 FT.

ENERGY GRADIENT

KINEMATIC VISCOSITY
n3s

INCREMENT UFFER

DGR

ROUND
MM

« 5890
+4170
« 2950
« 2080

TOTAL EREIl LOAD =

LOWER
ROUNL
MM

+4170
« 2950
+2080
+1470

+3829E+04 TONS/DAY

TOTAL RED MATERIAL LOALD =
DEFTH
MEAN VELOCITY = 6.74616 FT/SEC

= 2.45889 FT

+ 0010500 FT./FT.
+ 0000106 SQ.FT./SEC,

«290 MM, nés

INCREMENT BED LOAR TOTAL REL

FRACTION TRANSFORT = MATERIAL
- RATE TRANS. RATE
TONS/DAY TONS/DIAY

«1780 +8974E+403 +2063E+04
«4020 «1745E+04 «6330E+04
+ 3200 +1064E+4+04 +1061E+05
+ 0580 +1228E+403 «6895EH04

+2390E+05 TONS/DAY




b)

wwwwi{

Interactive mode

COMFUTATION OF TOTAL BED MATERIAL
LOAD RY THE EINSTEIN EBED-LOAD FUNCTION

START INFUT DATA IN FREE FORMAT

ENTER THE NUMBER OF SETS OF INFUT DATA
? 1

SET SIZE DISTRIEUTION TYFE, IDIST = O OR 1
ENTER O IF THE SEDIMENT SIZES AND PERCENTAGES DEFINING THE SEDIMENT SIZE DISTRIRUTION ARE TO BE REALI IN
ENTER 1 IF THE LOG-NORMAL SEDNIMENT SI1ZE DISTRIRBUTION IS TO RE EVALUATED

?0 .

ENTER O/ IF SEDRIMENT DATA WILL NOT EE CHANGEDN FOR DIFFERENT HYDRAULIC CONDITION
ENTER 1 IF THE SERIMENT DATA ARE TO ERE READ OR COMPUTED FOR EACH HYDRAULIC CONDITION
0

ENTER THE FOLLOWING HYDRAULIC DATA?

WATER DISCHARGE IN CURIC FEET FER SECOND
? 2820,

INITIAL GUESS OF HYDRAULIC RADIUS IN FEET
? 2.9

WATER SURFACE WIDRTH IN FEET
? 170,

ENERGY SLOFE IN FEET/FEET
? 00105

KINEMATIC VISCOSITY IN BQ.FT./SEC,
? 0000106

INIST=0 ENTER THE FOLLOWING BED MATERIAL DATA?

NUMBER OF SEDIMENT SIZE FRACTIONSy NSIZy MAX. OF 20

7?4

THE UPFER ROUND SIZE AND LOWER HOUND SIZE IN MM»s AND
* THE FERCENT WEIGHT OF EACH SEDIMENT FRACTION

(ODRUCI) yDRLCI) 9 FRECI) y I=1yNGIZ)

1589+.4171,178

4175429594402

V295 208y v 320 X : . f .
0..087 147 058 . ’ ’ -

THE 35% AND é65%Z FINER DIAMETFRS IN MM; ‘T3S AND DAS
?,. 9'037 )

A



SET 1 N
WATER DISCHARGE 2820.00 C.F.8
INITIAL GUESS OF HYDRAULIC RADIUS 2,50 FT.
WATER SURFACE WIDOTH 17000 FT.
ENERGY GRADIENT +0010500 FTW/FT.
KINEMATIC VISCOSITY +0000106 SRWFT./SEC, :
L 90 MM, D65 o gsmgii . 0370 MM,
»
5 on 'ﬁﬁ O R T R Y TV S
INCREMENT UFFER LOWER INCREMENT  BEX 1.0AD fOTAL RET
ROUNN ROUND FRACTION TRANSFORT MATERIAL
MM MM RATE TRANS. RATE
TONS /DAY TONG/1AY
i +5890 +4170 +1780 +B974E403 s 2063104
2 4170 T+ 2950 +4020 ] HIFOEL04 [
3 2950 +2080 « 3200 W31061E405 w
4 +2080 +1470 L0580 L 1228E403 LAHBPUEL04
rd
TOTAL BED LOAD = +3829E4+04 TONS/DAY
TOTAL EED MATERIAL LOAD = +2590E405 TONS/DAY
DEFTH = 2,45889 FT
MEAN VELOCITY = 4.744616 FT/SEC
+173 CFP 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)
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PROGRAM EINSTN

i

READ INTEGER
DATA: NDATA, IDIST, ISED

\

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

§
PRINT INPUT DATA

]

Yes
IF 1st Yes IF Yes READ SEDIMENT DATA
DATA SE *IDIST = ( X, PER, D35, D65
SUBROUTINE SEDIN
No No

ASSUME LOGNORMAL
DISTRIBUTION
SUBROUTINE LOGNOR

CALCULATE SEDIMENT
DISCHARGE BY
EINSTEIN'S METHOD

1
PRINT OUTPUT DATA

Figure 1. Flow chart of program EINSTN.
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PROGRAM EINSTN EIN 0010

1 (INPUT,0UTPUT) EIN 0020
c EIN 0030
c DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH EIN 0040
c CENTERs FORT COLLINSs COLORADO 80523. EIN 0050
c PURPOSE COMPUTATIUN oF BED MATERIAL LOAD BY EINSTEINS EIN OU6O
c METHOD » ‘ EIN 0070
C REFERENCE EINSTEINy Heopes THE BED~-LOAD FUNCTION FOR EIN 0080
c SEDIMENT TRANSPORTATIUN IN OPEN CHANNEL FLOW, EIN 0090
c TECHNICAL BULLETIN 1026y SEPTEMBER 19509 EIN Ul00
c UNITED STATES UEPARTMENT OF AGRICULTURE EIN 0110
C CUORE USAGE - CDC 6400 SCOPE 3.3 SYSTEM DEFAULT VALUE» EIN 0120
c 43000 OCTAL. EIN 0130
C COMPILATION TIME APPROXIMATELY 7.0 SECe EIN 0140
o CENTHAL PRUCESSOR EIN 0150
(o TIME FOR ONE EIN 0160
C SET OF DATA LESS THAN 0s] SEC. EIN 0170
C EIN 0180
C EIN 0190
C INPUT AND OUTPUT DESCRIPTION EIN 0200
C EIN 0210
(o THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN THE EIN 0220
C VALUE OF NDATAs IN FORMAT 15. NDATA IS THE NUMBER OF SETS OF INPUTEIN 0230
c DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUT DATA EIN 0240
c CUNSISTS OF A GROUP OF VARIABLES NECESSARY Tu SPECIFY A PROBLEMy EIN 0250
c AS DETAILED BELUW, EIN 0260
(o EIN 0270
c THE SECOND CARD CONTAINS THE VALUE OF IDIST AanND ISED IN EIN 0280
c FURMAT 215 EIN 0290
o IVIST = SEDIMENT SIZE DISTRIBUTION TYPE EIN 0300
c IF IUIST = 0y READ SEUIMENT S1ZE AND PERCENTAGE ARRAYS EIN 0310
C AND D35 aND D65 EIN 0320
c IF I1VIST = 1y COMPUTE UG-NORMAL SIZE OISTRIBUIION EIN 0330
(o ISED = FREQUENCY OF SEDIMENT DATA INPUT EIN 0340
c IF ISED = 0, SAME SEDIMENT DATA 1S5 USED IN ALL EIN 0350
c CALCULATIONS EIN u360
C IF ISED = 1y READ OR CUMPUIE SEDIMENT DATA FOR EACH EIN 0370
c HYDRAULIC CONDITION EIN 0380
c : EIN 0390
c HYDRAULIC DATA FOLLOW EIN 0400
o A SET OF HYDRAULIC DATA CONSISTS OF THE FOLLOWING VARIABLES, EIN 06410
c IN FORMAT(3F10.252E1044) EIN 0420
(o FORTRAN NAME UNITS EIN 06430
c 1) WATER DISCHARGE Qaw ' CeFeSe EIN 0440
c 2) INITIAL GUESS OF EIN 0450
o HYDRAULIC RAOIUS RT FTe. EIN 0460
(o 3) WATER SURFACE wIOTH W Fle EIN Q470
C 4) ENERGY URADIENT SS ' Fle/FTae EIN 0480
c 6) KINEMATIC VISCOSITY VK ' 5Q.FT./SEC, EIN 0490
c EIN 0500
C : EIN 0510
c SEDIMENT DATA FOLLOW EIN 0520
(o EIN 0530
c IF I0IST = 0 READ SEDIMENT SIZES AND PERCENTAGES DEFINING THE EIN 0540
c SEDIMENT SIZE DISIRIBUTION OF THE BED MATERIALe ALSO READ IN EIN 0550
c NUMBER OF SEDIMENT SIZE FRACTIONS AND D35 AND D65 EIN 0560
c 1) NO OF SEDIMENT SIZE FRACTION NS1Z . EIN 0570
c 2) SEDIMENT SIZE OF THE EIN 0580
(o UPPER BOUND el DRU MM EIN 0590
c 3) SEDIMENT S1ZE OF THE : . o EIN 0600
c LOWER BUUND .- L DRL - MM EIN 0610
(o 3) SEDIMENT PERCENTAG _ P8 EIN 0620
(o 4) D35 p35 MM EIN 0630
c 5) D65 06es . MM EIN 0640
c EIN 0650

Figure 2. Batch listing, Program EINSTN.
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- IF IVIST=1 READ THE MED]AN BED MATERIAL S1ZE AND THE GRADATION ™ EIN-0650—
CUEFFICIENT
1) MEDIAN BED MATERIAL SIZE DsSoM MM
2) GRADATION COEFFICIENT SIGMA
THESE VARIABLES ARE READ IN IN FORMAT(3F10.4)
OUTPUT CONSISTS OF FIVE COLUMNS s AS FOLLOWS
1) UPPER BUUND SEDIMENT SIZE IN MM
2) LOWER BUUND SEDIMENT SIZE IN MM
3) SEDIMENT FRACTION PERCENTAGE
4) BED LOAUs IN TONS/DAY
S) TOTAL BED MATERIAL LULAD, IN TONS/DAY
CUMMON /SED/ NSIZ s IDIST s DRU(Z20)
1 . DRL (20) » PB(20) s DSUM + SIGMA
D35 .9 D65
DIMENSION - D(20) s FV(20) s CGB(20)
1 SD(20) s STR(20)
- PRINT 320 '
PRINT 330 4
READ 300y NDATA
READ 300+ IDIST,ISED
DU 220 L = 1sNDATA )
READ 310U QGWIRTIWsSSeVK
IF (LeGTeleANDLISED.EQ.Q) Go TO 100
CALL SEDIN
100 CONTINUE

PRINT 260y L
PRINT 2709 QWsRTsWsSSeVK
IF {IDIST.EWQe1) PRINT 290y DSOMySIGMA
PRINT 280y L354D65
D65 = D6S/304.8
D35 = D35/304.8
DO 110 I = 1ynNSIZ
O(I) = (DRU(I) # DRL(I)) # 0.5/304.8
} = ({24730 % 32,2 % 1,65 # D(]) #
1 * P 0,5 = 6. * VKI/DI(I)
110 CGB(I) = 4.84 # D(I)
AKP = 044
AA =
XK = 0,1 * RT
XR =
120 DO 130 11 = 1,10
XI = 11
XR + XI & XK
(1.64 # D35)/(RBP » SS)
SVP = SQRT(32.2 # KRBP * gS)
DELTA = 11,6 # VK/SVP
X6 = D6S/DELTA
IF (X4.LT.0,1) GO TU 210
CALL FIG4 (Xx4sYs)
AJKP = 2.3/7AKP

2
[+9]
h Y
|1 ]

VELAY = SVK ¢ (AJKP * ALQG10(12.27 © ReP Y§/D6:))
X5 = SIP P e

CALL FIGS (X5y,YS)

SVPP = VELAV/YS

REPP = SvPpP & # 2/(32.2 % SS).

RT = RBP + RBPP

QY = RT * w # VELAV

IF (ABS{QT = Uw).LE.An) GO TO 150

IF (UT.GT.0wsANDXK.GTL0,0) GO TO 140

IF (UToLTeQWweANDXKLLTL0,0) GO TO 140
130 CONTINUE

e

3-

® 3 ¢+ 36

Voo

‘e

EIN 0670
EIN 0680
EIN 0690
EIN 0700
EIN 0710
EIN 0720
EIN 0730
EIN 0740
EIN 0750
EIN 0760
EIN 0770
EIN 0780
EIN 0790
EIN 0800
EIN 0810
EIN 0820
EIN 0830
EIN 0840
EIN 0850
EIN 0860
EIN 0870
EIN 0880
EIN 0890
EIN 0900
EIN 0910
EIN 0920
EIN 0930
EIN 0940
EIN 0950
EIN 0960
EIN 0970
EIN 0980
EIN 0990
EIN 1000
EIN 1010
EIN 1020

* VK ® VKIEIN 1030

EIN 1040
EIN 1050
EIN 1060
EIN 1070
EIN 1080
EIN 1090
EIN 1100
Eln 1110
€In 1120
tln 3130
Eln 1140
EIn 5150

EIN 1160
EIN 1170 -
EIN 1180
EIN 1190 X
EIN 1200 *

EIN 1210
EIN 1220
EIN 1230
EIN 1240
EIN 1250
EIN 1260
EIN 1270
EIN 1280
EIN 1250
EIN 1300

T3 AN
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G0 TO 210 EIN

AR = RBP — oo oo e —m -= EIN

XK = = XK/10,0 EIN

GO TO 120 EIN

EIN

COMPUTATION UF SEDIMENT DISCHARGE BED LOAD EIN

EIN

150 DELT = D6S/Y4 EIN
RATIO = DELT/DELTA EIN

IF (RAT]O.LT.1.80) GO TO 16¢g EIN

CAPX = 0.77 * DELY EIN

GO TO 170 EIN

160 CAPX = 1,39 * DELTA EIN
170 X8 = D6S/DELTA EIN
CALL FIG8 (XByY8) EIN

BETAX = ALOGl0(10,6 ® CAPX/DELT) EIN

PP = 24304 * ALOG10(30.2 * y4 # RT/D6S) EIN

S50 = 0. EIN

SSTR = 0, EIN

DO 200 1 = 1eNSIZ EIN

X7 = D(1)/CAPX EIN

CALL FIGT (XTsYT) EIN

. PSIS = YT # YB # (1,025/BETAX) & # 2 # (1.68 # D(I)/(RBP # EIN

1 S$S)) EIN
X10 = PSIS EIN

CALL F1G10 (X10sY10) . EIN

SD(I) = Y10 # 1205.0 ¢ (p{I) % # 1,5) # PB{(]) EIN

AM = 2.0 ®* D(I1)/RT EIN

SETV = FV(I) EIN

ZZ = SETV/(AKP # SVP) -EIN

IF (2Z.LT.5,5) GO TO 180 EIN

STR(1) = SO EIN

GU TU 190 EIN

180 CALL PUWJ {(Z2Z9XMyXI19X12,0.01) EIN
SIR(I) = SD(I) # (PP # X1l « XI2 + 1.0} EIN

190 CONTINUE EIN
SD(I) = SDUI) * W * 43,2 EIN

STR{1) = STR(I) # w * 43,2 EIN

SSD = SSD + Su(ly . EIN

SSTR = SSTR + STR(I1) EIN

200 CONTINUE EIN
EIN

PRINT 2309 (190RU{I)+sDRLI(I) PH(I)+SO(II9STR(I)I+I = 1eNSIZ) EIN

PRINT 2409 SSDsSSTReRT9VELAY EIN

GO TO 2¢v EIN

210 PRINT 250 EIN
220 CUNTINUE EIN
EIN

EIN

, ' ' EIN

230 FORMAT (////s 66H INCREMENT UPPER LOWER  INCREMENT BED LEIN
- 104D TOTAL BEDs/14Xy 3ISHBOUND BOUND FRACTION TRANSs 16EIN
2HPORT MATERIALs/15XKy 2HMMypXs 2HMMs1TXe 18H RATE TRANS.EIN

3¢ 5H RATE»/43X92( 9H TONS/DAYISR)//(1Xs159F13.492F10e491X92E13,4EIN

4))

EIN

240 FORMAT (///9 1TH TOTAL BED LOAp =4E13.49 91 TONS/DAY,/» 26H TOTALEIN
1 BED MATERIAL LOAD =¢E13.49s 94 TONS/DAYs/s 8H DEPTH =9F10.5s 3HEIN

2 FTo/y 16H MEAN VELOCITY =4F10,50 JTH FT/S5ECy//7) EIN
250 FURMAT (///s 26H PROGRAM FAILS TO CONVERGEs///) EIN
260 FORMAT (//s 71 SET . 4»137) EIN
270 FURMAT (SXs34HWATER DISCHARGE sF12.29120 C.FeS EIN

1 +/5X s 34HINITIAL GUESS OF HyDRAULIC RANDIUS sFl2.2+120 FTs EIN

2 9/5X934HWATER SURFACE WILIH . 1F1242912H FTo EIN

3¢/5X9 34HENEROLY GRADIENT : . 9F12e7912H Flo/FTe s /EIN

45X 9 3aHKINEMATIC VISCOSITY 1F1l2.7912H SQ.FT./SEC.) EIN

280 FURMAT (5X934HU3S . : I
larDo9 s e tienaniee it oco 9F 12e304H MMes//) .

PR

sF12.394H MMesSX93EIN

EIN




L OO0

O O 0600

19

290 FORMAT (S5X,34HMEDIAN BED MATERIAL SIZE-

———-5F12,39 130 -MMs——EIN

1 9/5X 9 34HGRADATION COEFFICIENT 2F12.29) : EIN
300 FORMAT (215) . L ' " - EIN
310 FORMAT (3F10.292E1044) - . o EIN
320 FORMAT (1H1) " EIN

330 FORMAT (I/9X’33HCOMPUTATION OF TOTAL BED MATERIALo/leKv3BHLOAD BYEIN

1 THE EINSTEIN BED-LOAD FUNCTION/) i . £IN
END W £1IN
SUBROUTINE SEDIN ’ E EIN
CUMMON /SED/ NS12Z s IDIST » DRU(20) » EIN
1 DRL (20) s PB(20) s DSOM + SIGMA ’ EIN
2 D35 + D6S EIN
h €IN
THIS SUBROUTINE READS SEDIMENT SIZE DISTRIBUTION DATA EIN
’ EIN
IF (IDIST.EG.1) GO 7O 100 . y SR EIN
READ 110s NSIZ . S . EIN
READ 120+ (DRUCI)sDRL(I)PB(I),I = 1sNSIZ} : i S EIN
READ 1204 D35+D65 ) T EIN
RETURN ) T ' ' EIN
100 CALL LOGNOR . o . EIN
RETURN . N EIN
) EIN
110 FOKRMAT (I5) © EIN
120 FUORMAT (3F10.4) - . EIN
END EIN
SUBROUTINE LUGNOR EIN
COMMON /SED/ NS1Z s IDIST » DRU(20) ’ EIN
1 DRL (20) » PB(20) s DSOM s SIGMA ’ EIN
2 035 s D6S EIN
EIN
THIS SUBROUTINE COMPUTES A LOG-NURMAL SIZE DISTR1BUTION EIN
EIN
READ 110y DS50MsSIGMA EIN
EIn
NSIZ = 10 EIN
EIN
DUS = D50M/SIGMA * & 1,645 : EIN
DI0 = DS5UM/SIGMA * # 1,285 " EIN
D20 = DSOM/SIGMA # * 0,845 : EIN
D30 = DS50M/SIGHMA * # 0,525 . EIN
D40 = DSOM/SiGMA * *# 0,255 . EIN
D50 = DSOM EIN
D60 = DSOM # SIGMA * # 0,255 - EIN
D70 = D50M # SIGMA #* & 0.525 EIN
DBO = DSOM # SIGMA * # 0,845 EIN
D90 = DSUM # SIGMA # ® 1,285 EIN
DYS = D50M # SIGMA * # 1,645 EIN
DRL(1) = DOS ‘ EIN
DRU(1) = DRL(1) EIN
DRU(2) = DZo EIN
DRL(2) = D10 EIN
DRU(3) = D30 - - EIN
ORL(3) = D20 : -+ . EIN
DRU(4) = D40 % EIN
prL(4) = D30 i : . EIN
DRU(S) = D50 ] EIN
OKL(5) = D40 EIN
DRU(6) = D60 EIN
DRL(6) = D50 EIN
DRU(7) = D70 EIN
DRL(7) = D60 ‘ EIN
DRU(&) = D8O EIN
UKL (8) = D70 EIN
DRU(9) =

Dvo EIN

19av——-
1990
2000
2010
2020 - -
2030 -
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2610
2420
2430
2440
2450
2460
2670
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
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OO0

OO0

100

110

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240

250
260

100
110
120
130

DRL(9) = Dsvy

DRU(10) = DRL(10)

DO 100 I = 1eNSIZ

PB(I) = 0.1

035 = DSOM/SIGMA & & 385
DoS = DSUM » SIGMA # # ,385

RETURN
FORMAT (3F10.4)

EnD
SUBROUTINE F1G4 (X»Y)

20

THIS SUBROUTINE APPROXIMATES EINSTEINS FIG 4 SERIES OF EQNS.

IF (X« LE.0.40) GO TO 100

G0 70 110

Y = 1769 #* ALOG10(X/0.,080)

GU TO 260

IF (XeGTe0e4UeANDXelLEOe56) GO TO 1
GU TO 130

Y = 14495 ® aAlLO0G10(X/0.059)

G0 TO 2060

IF (XeGle0eS50eANDeXeLESUe76) Go 10 1
G0 TO 150

Y = 0492 * ALOGl0(X/0.,0145)

GU T0 260

IF (XeGTe0eT0eANDeXeLEL0e986) GO TO 1
GV TO 170

Y = 0292 * ALOGIO(X/2.9E ~ 06)

GO T0 260

IF (ReGT4a0e96eANDeXelLEs1e35) Go TO 1
GU 10 199V

Y = 06277 # ALOG10(632000.0/X)

GO 10 260

IF (XeGTele35.ANDaXeLEL3400) Go TO 2
GO TO 210 .

Y = le115 # ALOGLO(34,4/X)

GU TO 26v ’

IF (XeGTe340UsANDaXeLEL4400) Go TO 2
GU Tu 230

Y % 04725 # ALOGIO0(128.0/X)

GU TO 260

IF (XeGTe4e0UsANDXeLEL06470) Go TO 2
GO TO 250

Y = 0,399 ® ALOG10(2160.0/X)

GO TO 260

IF (XeGTe6470) ¥ = 1,0

RETURN

END
SUBROUTINE FIGS (XsY)

20

40

60

80

00

20

40

EIN 2630
EIN 2640
EIN 2650
EIN 2660
EIN 2670
EIn 2680
EIN 2690
EIN 2700
EIN 2710
EIN 2720
EIN 2730
EIN 2740
EIN 2750
EIN 2760
EIN 2770
EIN 2780
EIN 2790
EIN 2800
EIN 2810
EIN 2820
EIN 2830
EIN 2840
EIN 2850
EIN 2860
EIN 2870
EIN 2880
EIN 2890
EIN 2900
EIN 2910
EIN 2920

EIN 2930

THIS SUBROUTINE APPROKIMATES EINSTEINS FIG S 8Y A SERIES OF EQNS,

IF (X.LE.1.0) GO TO 100

GO 10 110

Y = 40,0 * X % # (= 1.288)

60 T0 180 S

IF (KeGTeleOeANDeXsLES2.0) GO TO 120
60 10 130 ‘ C :

Y = 40,0 * X * & ( - 0,982)

GO TO 140

IF (XeGTa240sANDoXelLEs4e0) GO TO 140
GU 10 150 :

EIN 2940
EIN 2950
EIN 2960
EIN 2970
EIN 2980
EIN 2990
EIN 3000
EIN 3010
EIN 3020
EIN 3030
EIN 30640
EIN 3050
EIN 3060
EIN 3070
EIN 3080
EIN 3090
EIN 3100
EIN 3110
EIN 3120
EIN 3130
EIN 3140
EIN 3150
EIN 3160
EIN 3170
EIN 3180
EIN 3190
EIN 3200
EIN 3210
EIN 3220
EIN 3230
EIN 3240
EIN 3250
EIN 3260
EIN 3270
EIN 3280
EIN 3290
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“'"-140 Y= 3lelTeKT T @S 0,618) - Bt “EIN 3300
= GO TO 180 . foye B oo we .t EIN 3310 ’
GO TO 170 STl Ao EIN 3330
160 Y = 26,0 ® X & ® ( - (,486) S e EIN 3340
GO TO 180 . R i EIN 3350
170 IF (XeGTeBe0) ¥ = 21,4 # X * & ( = 0,394} - .. -+ - EIN 3360 .
. 180 RETURN o o e, EIN 3370
c e ’ T ' Rt 07 EIN 3380
L END . SR co T Teas’ EIN 33907
.. SUBROUTINE FIG7 (Xs7) R ;. Lo T ST EIN 3400
l c - B R ST T EIN 3410
€ - THIS SUBROUTINE APPROXIMATES EINSTEINS FIG 7 BY A SERIES OF EQNS. EIN 3420 .
C. : cw il EIN 3430
IF (XeLE40.20) Y = (X/1,090) * # ( - 2. oaa) C e s EIN 3440
IF (XeGTe0e20sANDoXolEL0e40) Y = (X/0,877) & % ( = 2,402) -. EIN 3450 -
IF (XeGTo0e40eANDoXsLEL0.65) Y = (X/0.832) ® & (= 2,582) - - EIN 3460 <’
IF (XeGT40465eANDXeLEL0.B0) Y = (X/0.990) # & ( = 1,515} - EIN 3470 -
IF (XeGTo0.BU0.AND XSLEL1400) ¥ = (X/1.185) # # ( « 0,826) ~~ . EIN 3480
I IF (XeGTe1400sANDoXeLEL1445) Y = (X/1.450) * ® ( = 0.375) ... EIN 3490
IF (XeGTels 65) Y = 1,0 ° . . . B . EIN 3500 _
: RETURN S ~ - ‘ o oo P EIN 3810
c T '7'- e o , . .7 - EIN 3520
© END E N : N S EIN 35300 0 %,
SUBROUTINE FIG8 (XsY) - .. : : C e EIN 3540
c : S EIN 3550
c THIS SUBROUTINE ESTIMATES EINSTEINS F1G 8 BY A SERIES OF EQNS. EIN 3560
c EIN 3570
IF (XeLT<0.66) Y = (X/1,005) @ # 1,178 © EIN 3580
l 1 IF (‘QGToOﬁbboAND.XoLE.U.B‘D) Y = (X/1.104) g L4 (00957) EIN 3590
' IF (XeGTe0e84eANDeXoLEalalO) Y = (X/1.940) # # (0.310) EIN 3600
IF (XeGTelelUeANDaXeLEa1e30) ¥ = (X/0,475) * & ( = 0,208) EIN 3610
IF (XeGTele3UeANDWXsLEL2420) Y = (X/0.930) & & ( = 0,633) EIN 3620
IF (XeGTo2e200sANDeXeLEL3.10) Y = (X/0.278) # # ( = (,256) EIN 3630
l IF (XOGT-3'10) Y = 0.530 EIN 36“0
RETURN EIN 3650 i
c \ EIN 3660 ‘
END EIN 3670
I SUBROUTINE PUWJ (ZsAsXJ19XJ2+CONV) EIN 3680
N =1 : . EIN 3690
XJ1 = 0. EIN 3700
XJ2 = 0. EIN 3710
ALG = ALOG(A) ) EIN 3720
cC = 1. EIN 3730
D= -2 " EIN 3740
E=D+ 1. EIN 3750
FN = 1, EIN 3760
l AEX = A & & E . EIN 3770
GO TO 110 EIN 3780
100 N = N + 1 EIN 3790 !
C = C *» D/FN ] EIN 3800
l D =€ : ‘ _ EIN 3810 |
E=0D+ 1, , EIN 3820 '
FN = FLOAT(N) EIN 3330
AEX = A ® & E EIN 3840
110 IF (ABS(E).LE.0.,001) GO TO 120 ) EIN 3850
I XJl = XJl ¢« C # (1. = AEX)/E EIN 3860
XJ2 = XJ2 + C * ((AEX = l.)/E & & 2 = AEX * ALG/E) EIN 3870
GO TO 130 , EIN 3880
120 XJl = XJ)l - C * ALG EIN 3890
XJ2 = XJ2 = U5 # C * ALG * # 2 EIN 3900
130 IF (N.EQ.1) GO TO 140 : EIN 3910
CJl = ABS(le = FJ1/xJ1) EIN 3920
CJ2 = ABS(l. = FJ2/XJ2) . EIN 3930
l IF (CJ1.LE.CONV.AND+CJ2.LE.COMy) GO TO 150 EIN 3940
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140 Ful = xJ1 EIN
Fue = XJ2 © EIN
60 10 100 EIN
150 FACT = 0.216 % (A * & (Z = 14))/((1e = A) * ® 2) EIN
XJ1 = FACT # XJ1 _ EIN
XJ2 = FACT # XJ2 ) EIN
RE TURN EIN
EIN
END EIN
SUBROUTINE F1G10 (XsY) . EIN
EIN
THIS SUBROUTINE APPROXIMATES EINSTEINS FIG 10 BY A SERIES OF EUNS.EIN
_ EIN
IF (XeLToe4) Y = 8.106078 ® X # # ( = 0,989002) EIN
IF (XeLEeleoANDoXoGEoss) Y = 7,473444 # X @ ® ( = 1,067367) EIN
IF (XeLTe24+ANDeXsGTols) Y = 7,512081 ® X ¢ # ( = 1,182832) EIN
IF (XeLEe34sANDR.GEL2s) Y = 9,151968 # X ® # ( = ]1,472483) EIN
IF (XeLTo5a0ANDeXeGla3s) Y = 16.025332 ® X #= # ( = 1,972806) EIN
IF (XeLEeTesANDGX.GELSs) Y = 4]1,421B73 ® X # ® ( = 2,578713) EIN
IF (XeLTol00oANDoXeGTo74) Y = 130,2209 ® X # # ( = 3.165102) EIN
IF (XeLEe134eANDGXeGEL104) 584,560594 ¢ X * ® ( - 3,818249) EIN

3543.9898686 # X # . ( = 4,522935) EIN
1690645.,945 & X # & ( = 6,703904) EIN
5188257832, ¢ x # @ ( = 9,381815) EIN

Y
IF (XelTel7esANDeXobTo130) Y
IF (XeLEe20eeANDeXeGEL17e) Y
IF (KelTe23eeANUKolGTo204) Y

IF (XeGEa23s) Y = 34134987996£)1% # X # ¢ ( = 13.,597547) EIN
RETURN - EIN

EIN
END EIN

3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
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PROGRAM EINSTNI . £INIVO10
1{INPUT»OUTPUT) ' ’ EIN10020
l c EINIVO30
c DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH EIN10040
c CENTERs FORT COLLINSs COLORADO 80523. EINI0OS0
c PURPOSE COMPUTATION oF BED MATERIAL LOAD BY EINSTEINS  EINIOU60
c METHOD. : EINI0070
c REFERENCE EINSTEINy Hopes THE BED=LOAD FUNCTION FOR EINIQ08O
c SEDIMENT TRANSPORTATION IN OPEN CHANNEL FLOWs  EINIO0%0
c TECHNICAL BULLETIN 1026y SEPTEMBER 19504 EINIO10D
c . UNITED STATES DEPARIMENF OF AGRICULTURE EINIO110
l c CURE USAGE CDC 6400 SCOPE 3.3 SYSTEM UDEFAULT VALUES EINIDI20
c 43000 OCTAL. EINIOL3V
C COMPILATION TIME APPROXIMATELY 7.0 SEC. EINIO140
c CENTRAL PRUCESSOR EINIOLISO
c TIME FOR ONE EINIOLGD
c SET OF DATA LESS THAN 0.] SEC. EINIOLITO
c . EINIOLIBD
C EINIO190
C INPUT AND OUTPUT DESCRIPTION EINI0200
I c £INIV210
c THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN THE EINID220
c VALUE OF NDATAyIN FREE FORMAT.NDATA 1S THE NUMBER OF SETS OF INPUTEINI0230
c DATA TO BE FED YO THE COMPUTER AT A TIME., A SET OF INPUT DATA EINI0240
c CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY A PROBLEMy EINI0O250
c AS DETAILED HELOW, EINIO260
c EINIO2TO
c THE SECOND AND THIRD CARDS CONTAIN THE VALUE OF IOIST AND ISED IN EINIU280
c FREE FURMAT EINIO290
l c 10IST = SEDIMENT SIZE DISTRIBUTION TYPE EINIO300
c IF IVIST = 0y READ SEDIMENT SIZE AND PERCENTAGE ARRAYS EINIO310
c " AND D35 AND D6S EINIO320
c IF IVIST = ly CUMPUTE (UG-WURMAL SIZE DISTRIBUTION EIN10330
C ISED = FREWUENCY OF SEDIMENT DaATA INPUT EINIU340
c IF ISED = Us SAME SEDTMENT UATA IS USED IN ALL EINIO3S0
c CALCULAT 1ONS EINID360
c IF ISED = 1» READ OR COMPUTE SEDIMENT DATA FOR EACH EINIO370
c HYDRAULIC CONDITION £INI0380
I c ) : : EINI0390
c HYORAULIC DATA FOLLOwW - EINIU400
c A SET OF HYDRAULIC DATA CONSISTS OF THE FOLLOWING VARIABLES, EINIO4)O
c IN FREE FORMAT EINIO420
c | FORTRAN NAME UNLTS EINIU430
c 1) WATER DISCHARGE oW CeFoeSe EINIUG4O
c 2) INITIAL GUESS OF EINIV450
o HYORAULIC RADIUS : RT FT. EINIU460
C 3) WATER SURFACE WIDTH W FTe EINIO4TO
l c 4) ENERGY. GRADIENT SS Fla/FT, EINI04BO
c 6) KINEMATILIC VISCOSITY VK SQ.FT+/SEC. EINIC490
c ' EINIVS00
c ! EINIUS10
c SEDIMENT DATA FOLLOW ' EINIOS20
l c . EINIOS30
C IF IDIST = 0 READ SEDIMENT SIZES AND PERCENTAGES DEFINING THE EINIOS40
c SEDIMENT SIZE DISTRIBUTION OF THE BED MATERIAL. ALSO READ IN EINIOS50
C NUMBER OF SEDIMENT SIZE FRACTIONS AND D35 AND 065 EINIOS60
' c 1) NO OF SEDIMENT SIZE FRACTION  NSIZ EIN10S70
c 2) SEDIMENT SIZE OF THE EINIOSBO
c UPPER BOUND DKU MM . EINIODS90
c '3) SEDIMENI SIZE OF ]’HE EINI0600
c LOWER BOUND DRL MM EINIO610
I c 3) SEOIMENT PERCENI’AGE . P8 C EINI0620
C 4) 035 » _ . - D35 T MM EINIV630
o 5) 065 s 0 D65 MM EINIO640

l Figure 3. Interactive listing, Program EINSTN
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c EINIOSSD I
c IF 10IST=1 READ THE MEDIAN BED MATERIAL SIZE AND THE GRADATIUN - EINIU660
c CUEFFICIENT EINIOBT70
c 1) MEDIAN BED MATERIAL SIZE D50M MM EINIV680O : I
c 2) GRADATIUN COEFFICIENT SIGMA EINIO6S0 i
c EINIOT700 |
c THESE VARIABLES ARE READ IN IN FREE FORMAT EINJOT710 i
c . . EINIOT720 ?
c OUTPUT CONSISTS OF FIVE COLUMNSs AS FOLLOWS . EINIO730
c 1) UPPER BUUND SEDIMENT SIZE IN MM EINIO740
(8 2) LOWER BOUND SEDIMENT SIZE IN MM EINIOTS0
c 3} SEDIMENT FRACTION PERCENTAGE EINIO760
c 4) BED LOALDs IN TONS/DAY EINIO77O : I
c S} TOTAL BED MATERIAL LUADs IN TONS/DAY EINIO780
c EINIOT90
C EINI0OBOQO
COMMON /SED/ NSIZ s IDIST s DRULZO) N EINIOBLO
1 UDRL (20) s PB(20) y D50M s SIGMA ’ EINIVB20 l
2 L3s .+ D65 EINIOB30
DIMENSION 0(20) s FV(20) s CGB(20) ’ EINIOB4O
1 sD(20) » STR(20) EINI08S0
PRINT 380 EINIVB6O I
PRINT 390 EINIOBT0
PRINT 300 . EINIOBBO
READ  #, NDATA : . EINIOB9D
PHRINT 310 EINIO900
READ #y 1DIST . EINI0910
PRINT 320 EINI0920
READ ¢y ISED : EINI0930
DL 220 L = 19NDATA EINIO0940
PRINT 330 "EINIO09S0 I
READ #, Qw EINIOS60
PRINT 340 EINIO970D
READ  #, RT EINIV9BO
PRINT 350 EINIOD9YOD
READ  #49 W . EINIl0OO
PRINT 360 EINI1O10
READ #4 8% EINI1020
PRINT 370 . EINIL030
READ #y VK EINILO4O ! l
IF (L.GT.1+AND.ISED.EQ.0) Go TO 100 EINI1050 _ :
CALL SEULIN EINIL060
100 CONTINUE EINIL1O070 :
PRINT 260y L EINLl080O
PRINT 270y QWsRTewsSSsVK EINI1090
IF (IDISTLEQ.1) PRINT 290y DSUMsSIGMA EINI1100
PRINT 280s D35,D65 i EINIYL10
065 = DOS5/304.8 EINILL1Z20
D35 =D35/304.8 EINIl130 I
DO 110 1 = leNSIZ . EINI1140 '
O(I) = (DRU(I) & DRL(I)) # * 0,5/304.8 ' EINILLIS0
FVII) = ((24/3. #% 32,2 # 1,65 # D(1) ¢ # 3 & 36, # VK # VKIEINI1160
1 ® % 0,5 = 6. ® VKI/D(I]) . EINIILTO
110 CGB(I) = 4,84 ® D(I) _ EINI11B0 l
AKP = 0.4 EINIL190
AA = 0.1 EINI1200
XK = 0,1 * RT EINIL210
XR = 0.0 EINI1220 .
120 00 130 II = 1yl0 - EINI1Z230
) XI = 11 _ EINI1240 .
RBP = XR + XI # XK EINI1250
SIP = (1.68 ® D35)/(RBP # SS)_ . EINIL1260
SVYP = SOQRT(32.2 * RBEP # gS) - EINIL270 '
DELTA = 11.6 * VK/SVP S ' EINI1280
X4 = D65/0ELTA ' . : EINI1Z290
IF (X64sLT.0.1) GO TO 210 . ) EINIL1300
CALL FIG4 (X49Y4) EINIL310 : l




coo0

[aXsKgl

. E£INI1400
~ . IF (QT.GT.QW.AND.XK.GT+0,0) GO TO 140 . EINI1410
S IF (QT.LT.0W.AND.XK.LT,0,0) GO TO 140 .. EINIL420 ¢
130 CONTINUE - lww - cw EINI1430 -
GO TO 210 'g-Alfvaf'r L'“"-ff EINI1440
140 XR = RBP - B e © T . EINI1450
XK = = XK/10.0 o T T L. .. EINI1a60
GO TO 120 _ R ' EINI1470
EINI1480
COMPUTATION UF SEDIMENT DISCHARGE RED LOAD EINI1490
EINI1500
150 DELT = D65/Y4 : EINI1S10
RATIO = DELT/DELTA EINI1520
IF (RATIOLT.1.,80) GO TO 160 EINI1S30
CAPX = 0477 # DELT EINI1540
G0 TO 170 EINI1550
160 CAPX = 1.39 # DELTA ’ EINI1560
170 X8 = D65/UVELTA oo EINI1S70
CALL FIGH (X8sY8) EINI1580
BETAX = ALOG10({10.6 # CAPX/DELT) EINI1590
PP = 2.304 * ALOG10(30.2 ®* ya # RT/D65) \ EINI1600
SSD = 0. EINI1610
SSTR = 0. ‘ EINI1620
DO 200 I = 14NSIZ . : EINI1630
X7 = D(I)/CAPX EINI1640
CALL FIG7 (X7»Y7) EINI1650
PSIS = Y7 ¢ Y8 # (1,025/BETAX) # # 2 # (1.68 # D(I)/(RBP # EINI1660
1 sS)) EINI16T0
Xxlv = PSIS EINIL1680
CALL FIG10 (X10,Y10) EINI1690
SD(I) = Y10 # 1205.0 * (p(I) & # 1,5) * PB(I) EINI1700
XM = 240 # D(1)/RT EINI1T710
SETV = FV(I) ' EINI1720
ZZ = SETV/(AKP # SVP) EINIL1T730
IF (2Z.L7,5.,5) GO TO 180 EINI1740
STR(1) = SD(D) © EINILTSO
G0 TU 190 EINI1T760
180 CALL PUWJY (ZZ»XMsX119X12,0.01) EINIL1T770
STR{I) = SD(I) # (PP * XI1 + XI2 + 1.0) EINI1T780
190 CONTINUE EINI1790
SD(I) = SD(I) ¢ W *» 43,2 £INI1800
STR(I) = STR{1) # W * 43,2 EINILB10
SSD = SSD + SU(I) : EINI1820
SSTR = SSTR + STR(I) . EINI1B30
200 CONTINUE EINI1840
EINI18S0
PRINT 230s (IsDRU{I}sDRL(I) PB(1)sSDII)sSTRII)s1 = 1eNSIZ) EINI1860
PRINT 240s SSD»SSTRsRTHVELAY EINIL870
60 Tu 220 : EINI1B80
210 PRINT 250 EINI1890
220 CUNTINUE EINI1900
EINI1910
EINIL1920
EINI1930
230 FURMAT (////+ 66H INCREMENT UPPER LOWER INCREMENT BED LEINI1940
104D TOIAL BEDs/16Xs 35HHOUND BOUND FRACTION  TRANSs 16EINI1950
2HPURT MATERIALy/15Ks 2HMMs8Xs 2HMMy17Xs 18H RATE TRANS.EINI1960
3s 5H RATE»/43Xs2( YH TONS/DAYISX)//7(1Xs1S9F13.492F10e491X92E13.4EINI1GTO
4)) EINI1980

h{%é;}u RT = RHP + RBPP-

25

0 AJKP = 203/AKPCTT Tt s S s em s CEINTI3207 T
S VELAV = SVP ® (AUKP ¢ ALOG10(12.27 % RBP * Y4/D65))

<" EINI1330
X5 = SIP .

CALL FIG5 (XSsYS)
SVPP = VELAV/YS . R
RBPP = SVPP # @ 2/(32,2 * SS). 7.

EINI1350
EINI1360

QT = RT ® W # VELAV  ';~

; o EINIL390
IF (ABS(QT = Qw).LE.AA) GO TO 150

“x EINIL340 -

EINI1370 |
EINI1380 .




o000

Z#OAFURMAY (/779 1TH TOTAL BED LOAD =+E13¢49 9H TONS/DAYe/» 26H TOTALEINILS90
1 BED MATERIAL LOAD =yE13.4s 9H JTONS/UAYs/s 8H DEPTH =sF10.5s 3HEINIZ2000

2 FTe/y 16H MEAN VELOCITY =9F10,5s T7H FT/SECs///) EINICULO
250 FURMAT (///+ 26H PRUGRAM FAILS TU CONVERGEe///) EINIZ2020
260 FURMAT (//y TH SET 1137) EINI2030
270 FURMAT (5X¢34HWATER DISCHARGE +F12,2912H CoFeS EIN1Z2040

1 9/5X934HINITIAL GUESS OF HYDRAULIC RADIUS +F12.2+12H FT. EINIZ2050

2 1/5X934HWATER SURFACE WIDTH vF12.2012H FT, EINIZ2060

- 39/5X 9 34HENERGY GRADIENT 1F12.7012H FT./FT. »/EINI20T0
45Xy 34HKINEMATIC VISCUSITY 93F12.7912H SQ.FT./7SEC,) EINI12080
280 FURMAT (5X»34HD35 sF12¢394H MMe9SKAy3EINIZUSO

141065 2F12e396H MMes//) EIN12100
290 FURMAT (5X»34HMEDIAN BED MATERTAL SIZE vF1243913H MM, EINI2110

1 9/5X+34HGRADATION COEFFICIENT 1F12e29) EINI2120
300 FURMAT (//s 326 START INPUT DATA IN FREE FORMAT.//s 39H ENTER THE EINIZ130

INUMBER ‘OF SEIS OF INPUT DATA) EINIZ2140

310 FURMAT (//9s 43H SET SIZE OISTRIBUTION TYPEes IDIST = 0 OR 1,/s 62H EINIZ2150
1 ENTER 0 IF THE SEUIMENT SIZES AND PERCENTAGES OEFINING THE 9 44HEINIZ2160
2SEVIMENT SIZE DOISTRIBUTION ARE TO BE HEAD INe/s 59H ENTER 1 IF TEINIZ2170
JHE LOG~NORMAL SEDIMENT SIZE OISIRIBUTION IS » 16HTO BE EVALUATED )EINIZ2180

320 FURMAT (//y 46H ENTER 0 IF SEOIMENT 0ATA wILL NOT BE CHANGED » 33HEINIZIS0
1FUR DIFFERENT HYDRAULIC CONDITIUNs/s S7H ENTER 1 IF. THE SEDIMENT DEINI2Z200

. 2ATA ARE TO BE READ OR COMPUTED » 28HFOR EACH HYDRAULIC CONDITION) EINIZ210

330 FURMAT (//7///s 36H ENTER THE FOLLUWING HYDRAULIC DATA:s//y 43H EINIZ2220

IWATER OISCHAKGE IN CUBIC FEET pPER SECUND) EIN12230
340 FURMAT ( 44H INITIAL GUESS OF HYDRAULIC RADIUS IN FEET) EINI2240
350 FURMAT ( 30H WATER SURFACE AIUTH IN FEET) : EINI2250
360 FURMAT ( 28H ENERGY SLOPE IN FEET/FEET) EINI22060
370 FURMAT ( 37H KINEMATIC VISCOSITY IN SQ.FT./SEC) " EINI22T0
380 FURMAT (1H1) EIN1Z2280
390 FURMAT (//9X933HCOMPUTATION OF TOTAL HED MATERIALs/9»10Xs3BHLOAD BYEINIZ2290

1 THE EINSTEIN BED-=LOAD FUNCTION+/) EINL2300

END EINIZ2310

SUBROUTINE SEDIN EINI2320
CUMMUN /SED/ NSIZ s IUIST y DRU(20) ’ EINIZ330
1 DRL (20) y PB(20) s DSOM ~ 9 SIGMA ’ EINIZ340
2 035 ¢+ D65 . EINIZ350
EINIZ2360

THIS SUBROUTINE REAOS SEDIMENT SIZE DISTRIBUTION DATA EIN12370
’ EINIZ2380

O IF (1015T7.£Qe)) GO TO 100 : EINI2390

PRINT 110 EINIZ2400

READ *y NSIZ EINI2410

PRINT 120 EIN126420

READ *9 (DRUCI)YORL(T)9PBI1) 41 = 14NSIZ) EINI2430

PRINT 130 EINI2440

READ %y D35,065 EINIZ24S0

RETURN , EINIZ2460
100 CALL LOGNOR ' ' EINIZ4T70

RETURN EINI2480

. EINI2490
110 FORMAT (//» 48H IDIST=0 ENFER THE FOLLOWING BED MATERIAL. DATA: +//EINI2500
1s Sén NUMBER OF SEDIMENT SIZE FRACTIONSs NSIZs MAX. UF: 20) EINIZ2510

120 FURMAT ( S5H THE UPPER BOUND SIZE AND LOWER BOUND SIZE IN MMy ANEINIZ2520
1097y 47R THE PERCENT WEIGHT oF EACH SEDIMENT FRACTION»/» 38H EINIZ2530

2 (ORUCI) sURL (1) sPB(I) s1=19NSLZ)) EINI2540
130 FURMAT ( 53H THE 35% AND 65% FINER DIAMETERS IN MMy D35 AND D6S)EINI2550
END " EIN12560
SUBROUTINE LOGNOR = 2 . EINI2570
CUMMUN /SED/ UNSIZ s I01ST e DRU20) ’ EIN12580

1 DRL (20) y PB(20) .9 DbOM v SIGMA ’ EINI25%0

2 D3% v D65 T EINIZ600

» ' ' EINI2610

TH1S SUBROUTINE COMPUTES A LOG-NURMAL SIZE DISTRIBUTION EINI2620
. ' EINIZO30
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PRINT 110 - - - T e IR A 8 §13 F-4-1. 3 i
READ  *, USUMsSIGMA EINIZ2650
) EINI2660
NS1Z = 10 EINIZ6IO
EINI26B0
DUS = DSOM/SIGMA # # 1,645 . EIN12690
010 = DSOM/SIGMA * # 1,285 . EINI2700
D2V = DSUM/SIGMA & # (.845 . EINI2710
D30 = DSUM/SIGMA = # 0,525 ) EINI2720
D40 = DSOM/SIGMA & @ (0,255 EINI2730
050 = D50M EINI2740
D60 = DSOM ¢ SIGMA * ® 0,255 ' EINI2750
D70 = DSOM * SIGMA * # 0,525 EINI2760
D3V = DSUM # SIGMA * # 0,845 EINI2770
D90 = DS0M » SIGMA * # 1,285 EINIZ27B0
D95 = DSOM * SIGMA * # 1,045 EINI2790
DRL(1) = DOUS EINI2B0O
DRU(1) = DRL(1) . EINIZ2BLO
DrRU(2) = D20 : EINIZ2B20
DKL (2) = Dlo E1N12830
ORU(3) = D30 : EINIZ2B40
DRL(3) = D20 EINI2B50
DRU(4) = D40 EINIZ2B60
DKL (4) = D30 EINI2870
DHU(S) = D50 EINI2880
DRL(5) = D4 . . EINIZB90
DrRU(6) = Do0 EINIZ2500
DRL(6) = D50 EINI2910
DRU(T7) = D70 EINI2920
DRL(7) = D60 EINI2930
DRU(8) = D&0 EINI2940
DRL(8) = D70 EINI29S0
DRU(9) = DYo EINI2960 i
DKL (9) = DBO EINI2970 ;
DRL(10) = D95 EIN12980 ‘
DRU(10) = DRL(1O) EINI2990
VU 100 I = 1sNSIZ EINI3000
100 P8(1) = 0.1 €INI3010
D35 = DSOM/SIGMA # o ,38S EINI3020
D65 = DSOM # SIGMA * # ,385 EINI13030
: EINI3040
EINI3050
RETURN EINI3060
EINI3O070
110 FORMAT (//s 50H IDIST=1 ENTER THE MEDIAN BED MATERIAL SIZE IN MM LEINI3080
1 29HAND THE GRAUATION COEFFICIENT} EINI3050
EnD EINI3100
SUBROUTINE FIG4 (XsV) EINI3110
EINI3120
THIS SUBROUTINE APPROXIMATES EINSTEINS FIG 4 SERIES OF EQNS. EINI3130
EINI3140
IF (X+LE.0.40) GO TO 100 EINI3150
GV TO 110 : . EINI3160
100 Y = 1.769 ® ALOGLlO(X/0,080) EINI31T70
GU TO 260 . EINI3180
110 IF (XeGTo.0+40ANDX.LE.D.56) Go TO 120 : EINI3190
GV TO 130 EINI3200
120 Y = 1.495 # ALOGLU(X/0,059) : EINI3210
GU TO 260 EINI3220
130 IF (XeGTo0e56.AND.X<LE.V76) Gg TO 140 - EINI3230
GU TO 150 - EINI3240
140 Y = 0.92 * ALOG10(X/0.0145) EIN13250
GO TO 260 EINI3260 i
150 IF (XeUGTa0o70eANDcXoLELDe96) GO 0 160 ) EINI3270 ;
GU TO 170 EINI13280
160 Y = 0.292 ® ALOGlU(X/2.9E = 06) EINI3290
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———--"GU T0 260 © TEINI3300 "~
170 IF (XeGT40e90sANDXeLEL1435) GO TO 180 EINI3310
GV TO 190 EINI3320
180 Y = 0.277 * ALOG10(632000,0/X) EINI3330
G0 TO 260 EINI3340
190 IF (XeGTe1e35.ANDXsLEL3400) GO TO 200 EINI3350
60 TO 210 : EINI3360
200 Y = 1.115 # ALOGLU(34.4/X) . EINI3370
GU TO 260 EINI3380
210 IF (XeGTe3400.AND.X.LE.4400) Go TO 220 EINI3390
60 TO 230 EINI3400
220 Y = 0.725 * ALOGL0(128,0/X) EINI3410
60 TU 260 EIN13420
230 IF (X+GTe4s00sAND.XLEL6.70) GO TO 240 EINI3430
6U TO 250 _ EINI3440
240 Y = 0,399 * ALOGLO(216040/X) EINI3450
GO TO 260 , EIN13460
250 IF (X4GT46470) Y = 1.0 _ EINI34T0
260 RETURN EINI3480
c EINI3490
END EINI3500
SUBROUTINE FIG5S (XsY) . EINI3510
EINI3520
THIS SUBROUTINE APPROXIMATES EINSTEINS FIG 5 BY A SERIES OF EGNS, EINI3530
: EINI3540
IF (XeLEs1e0) GO TO 100 EINI3550
6U TO 110 EINI3560
100 Y = 40,0 * X * # ( - 1,288) EINI3570 ;
60 TO 180 , EINI3580 i
110 IF (XeGTole0eANDeXoLEL2.0) GO TO 120 EINI3590
60 TO 130 EINI3600
120 Y = 400 * X * # ( = 0,982) EINI3610
GU TO 180 EINI3620

130 IF (XeGTe240eANDeXebLEe440) GO TO 140 EINI3630 I

anon

GO T0 150 . EIN13640
140 Y = 31,1 & X & # ( « 0,618) EINI3650
GO 10 180 EINI3660
150 IF (XeGTe4elGeANDeXoLESB.D) GO TO 160 EINI36T70
GO TO 170 EINI3680
160 Y = 26,0 % x # #* ( = (,486) EINI3690

GO TO 180 : EINI3T00

170 IF (XeGTaB840) Y = 2les ® X ® & ( = 0,394) EINI3710
180 RETURN EINI3T720

c EIN13730
END EINI3740
SUBROUTINE  FIGT (XsY) » EINI3750

c ) : EINI3760
c THIS SUBROUTINE APPROXIMATES EINSTEINS FIG 7 B8Y A SERIES OF EQNS, EINI3770
c . , EINI3780
IF (XeLE«0420) Y = (X/1.090) & # { = 2,088) ' EINI3790

IF (KeGTe0e20eANDXoLEeD440) Y = (X/0.877) # # ( = 2,402) EINI3800

IF (XeGTe0e4UsANDoXoLEL0.65) Y = (X/0.832) # # ( « 2,582} EINI3B10

IF (XeGTe0.69eANDXeLECUBO) Y = (X/0.990) # # ( = 1,515) EINI3E20

IF (XeGTe0.8VeANDXelLEale0O0) ¥ = (X/1.185) # & ( = 0,826) EINI3830

IF (ReGTaleUUeANDeXeLEalad5) Y = (X/1.650) ¢ & ( = 0,375) EINI3840

IF (XeGTeled5) Y = 1.0 EINI3850
RETURN EIN13360

c : . EINI3870

END . Cale EINI3880
SUBROUTINE FIG8 (XsY)::' . EINI3890
S . . - EINI3900

THIS SUBROUTINE ESTIMATES EINSTEINS FIG 8 BY A SERIES OF- EQNS, EINI3910
. o EINI3920

IF (XeLT.0466) Y = (X/1.005) # & 1,178 EINI3930
IF (XeGTo0e60,ANDoXeLES0e84) Y = (X/1.104) & # (0,957) ~ EINI3940
IF (XeGTa0oB4¢ANDoXeLES1e10) Y = (X/1,940) # @ (0,310) < .+.... EINI3950

OO0
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ann

.

‘“"“—'IF‘(X-GT 1. lD.AND.X.LE 130y~

100

110

120
130

150

29

IF (XeGTela3UeANDWXeLE,2.20) Y
IF (XeGTe2.206ANDXLEL3410) Y
IF (Xe6Te3.10) Y = 0,530

(X/0,930) & & ( «
(X/0.278) # & ( =«

RETURN
END

SUBRUUTINE PUWJ (ZvApXJl!XJZ'CONV)
N =1

XJl = 0.

XJ2 = Oe

ALG = ALOG(A)

C =1

D= -2

E =0+ 1.

FN = 1l :

AEX = A ®* »

GO 1O 110

N =N+ ]

C =C * D/FN

D = E

E =0+ 1,

FN = FLOAT(N)

AEX = A # @& E

IF (ABS(E)«LE+0.001) GO TO 120

XJl = XJl + C % (1, - AEX)/E

XJ2 = XJ2 ¢+ C % ((AEX = 1,)/E & # 2 = AEX ¢ ALG/E)
GO 70 130

XJl = XJl = C * ALG

XJ2 = XJ2 = 0.5 # C * ALG # # 2

IF (NsEQ.1) GO TO la0

CJyl = ABS{1. ~ FJ1/XJ]1)

CJ2 = ABS(le = FU2/XJ2)

IF (CU1+LE+CUNVJAND«CJUZ2.LE,CONY) GO TU 150
FUl = XJil

Fo2 = xJ2
6U TO 100

FACT = 04216 # (A * # (Z = 14))/((ls = A) & ® 2)
XJl = FACT # xJl :

XJe = FACT & XJ2

RETURN

END _ ;

SUBROUTINE FIGLO0 (XsY)

1X70,475) ~® ~@= (~=-0,208) - ———-

0,633)
0,266)

EINI3G60
EINI39T70
EINI3980
EINI3990
EINI&000
EINI4010
EINI4020
EINI4030
EIN14040
EINI40S0
EINI«060
EINI4OT0
EINI40B0O
EIN]4090
EINI4l00
EINIS110
EINI4120
EINI4130
EINI4140
EINI4150
EINI4160
EINI4170
EINI4180
EINI&190
EINI4200
EINI4210
EINI4220
EINI«230
EINI&240
EINTI4250
EINI4260
EINI4270
EINI4280
EIN14290
EINI4300
EINI4310
EINI&320
EINI4330
EINI4340
EINI4350
EINI4360
EINTI4370
EINI4380
EINI&390
EINI4400

THIS SUBROUTINE APPROXIMATES EINSTEINS FIG 10 BY A SERIES OF EUNS.EINIG4410

IF (XelTee4) Y = 8.106078 ¢ X & * ( -~ 0,989002)
IF (XelEelesANDoXoGEoo4d)
If (XelT.e24eaNDeX,GTal,)
IF (XeLE«3eeANDeX,GEo24)

- < =
nuwnnn

7,473944 = X & @ ( = 1,067367)
7,51208) & X # & ( = 1,]182832)
9,151568 & X # # ( - 1,472483)

IF (XeLTe540ANDeX.GT43e) 160025332 # X # @ ( = ]1,972806)

IF (ReLEe7esANDeX.GELS,) 41421873 ® X * & ( - 2,578713)

IF (XeLTe100eANDXo6To7e) Y = 130.2209 # X & & ( = 3,165102) -
IF (XeLE<13.¢ANDoX4GE41U) Y = 584,560594 ® X # & ( - 3,818249)
IF (XeLTel7.0ANDeXe6To134) Y = 3543.989886 ¢ X & # ( = 4.522935)
IF (XeLE420.2ANDeXeGE174) ¥ = 1690665.945 # X & & ( = 6,703904)
IF (XeLT.23..AND.X4GT420s) Y = 5188257832, # X # & { = 9,381815)

3.597547)

IF (XeGE.234) Y = 3,134987996E15 # X & # ( = 1
RETURN :

END

EINI4420
EINI4430
EINI4440
EINI4450
EINI4460
EINI44TO
EINI4480
EINI4490
EINI4S500
EINI4S1O
EINI&520
EINI4530
EINI4540
EINI14550
EINI4560
EINI4570







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

D. B. and F. Sentﬁrk, 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




C. METHODS: The program is written in Fortran IV in both time~share and
batch 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
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 (ftz/sec), D65

(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.




PART I: . ENGINEERING DESCRIPTION

PROGRAM NUMBER:

TITLE: MODEINS

REVISION LOG: N/A

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 Z's for Use in the Modified Einstein
Procedure," June, 1966.

¢) Simons, D. B., and F. Sentﬁrk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.
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

5 - Water temperature (TEMP), °p

6 - Kinematic viscosity (XNU), ft2/sec

7 - D65 (D65), ft

8 - Dsg (D35), ft

9 - Average concentration (CONC), ppm

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

11 - Average depth of sampling (DS), ft




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.

JIN = 1 g 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

If JIN = 3, the user specifies the number of size fractions

(up to 10), sizes and percentages.

13 - Integer selector (JOUT)
1f 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).

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

the table output will be printed.




b)

c)

d)

e)

£)

g)

h)

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.

If JIN = 2, same as if JIN = 1 except only 9 values are
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).
(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.
Compute the percentage of flow through the sampled zone, sub-
routine PLATE4%.
Compute the intensity of shear on particles (subroutine PLATES5)
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.
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)

Compute a least squares fit of the exponent of vertical sediment

distribution and settling velocity (subroutine LSZPVS)




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

j) Print results

6. ACCURACY: N/A




PART TI: COMPUTER FUNCTIONAL DESCRIPTION

l
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 but can operate on any compatible system. Normal configura-
tion of CPU, reader and printer are necessary to run the program in

batch mode.

4. INPUT REQUIREMENTé: The program is written for either the time-share

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

(Figure 2). Figure 3 is the interactive mode listing. The program
in the time-share mode prompts the user for input data.
5. SECONDARY STORAGE INPUT FORMAT: None

6. INPUT DATA DESCRIPTION:

NAME DESCRIPTION FORMAT
NDATA Number of data sets I5 Card 1
UAVE Mean velocity, ft/sec F10.0 Card 2
DEPTH Hydraulic depth, ft F10.0 Card 2
W _ Water surface width, ft F10.0 Card 2
TEMP Water temperature, OF F10.0 Card 2
XNU Kinematic viscosity, ft2/sec F10.0 Card 2
D65 Sediment size for which 65% of sample

is finer, ft F10.0 Card 2
D35 Sediment size for which 35% of sample

is finer, ft F10.0  Card 3
CONC Average concentration, ppm F10.0 Card 3
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NAME DESCRIPTION FORMAT
DN Portion of depth not sampled, ft F10.0 Card 3
DS Average depth of sampling, ft F10.0 Card 3
JIN Integer input selector code Il Card 4
JOouT Integer output selector code o I1 Card &

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)

FB Decimal percentage of bed material in
size fractions F10.0 Cards 5-14
FS Decimal percentage of suspended material

in size fractiomns F10.0 - Cards 5-14
If JIN = 2 the following sediment sizes are used: (D(J), J=1,9) =

.011, .0884, .177, .354, .707, 1.41, 2.83, 5.66, 11.32 (mm)

FB Decimal percentage of bed material in

size fraction F10.0 Cards 5-13
FS Decimal percentage of suspended material

in size fraction F10.C Cards 5-13

If JIN = 3 the user supplies the sediment sizes and percentages.

ND Number of sediment sizes I1 Card 5
DRL Lower limit of sediment size in each

fraction F10.0 Cards 6-14
DRU Upper limit of sediment size in each

fraction { F10.0 Cards 6-14
FB Decimal percentage of bed material in

size fraction F10.0 Cards 6-14
FS Decimal percentage of suspended material

in size fraction F10.0 Cards 6-14




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
2 - PSI
3 - PHI shear
4 - Percentage of bed material in size fraction
5 - Bed load tranmsport, 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
12 - J one prime
13 - J two prime
14 - J one double prime
15 - J two double prime
16 - Product of JS
17 - I one double prime
18 = I two double prime
19 - Product of IS
20 - Computed load, in tomns/day
If JOUT = 2 is selected, most of the 20 columns will be omitted in

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

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




10.

11.

10

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

the 5 columns previously mentioned.

OPERATOR INSTRUCTION: None

PROGRAM ERROR MESSAGES: None. Program stops would result from

improper input data.

VARIABLE DEFINITIONS:

A

AP

APP

AREA

COL16

COL17

COL18

COL19

COL20

COL21

COL22

COL23

CONC

DEPTH

DISCH

Coefficient in least squares fit equation

Ratio of the depth not ‘sampled to the average sampling depth
Ratio of 2 x grain diameter to the depth

Cross—sectional area of flow, ft2

33 = 1 [A/m1* ay

3= [ 1A /@1 1) e

3= [he 1A/ D1 gy

3= [he [0/ 1a ay

A factor containing P and Einstein's integral J!, JV, J!, J"
1 2 2

IE = Mathematical abbreviation which contains JE that is
associated with the total depth through which suspended sedi-
ment is discharged.

I; —- Mathematical abbreviation which contains Jg that is
associated with the total depth through which suspended sedi-
ment is discharged.

The factor that is multiplied times the bed load to determine
total load in each size fraction

Sediment concentration, ppm

Sediment size, ft

Hydraulic depth, ft

Water discharge, cfs
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DN — Portion of depth not sampled, ft
DRL ~ Lower limit of sediment size in each size fraction, mm
DRU — Upper limit of sediment size in each size fraction, mm
DS - Average sampling depth, ft
DXKS - A parameter used in computing P
D35 - Sediment size for which 357 of the sample is finer, ft
D65 — Sediment size for which 657 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
PFS - Percentage of streamflow sampled

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, tomns/day

TEMP - Water temperature, p

TQL - Total bed material load, tons/day

TSL - Total suspended load, tons/day
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UAVE - 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

XNU - Kinematic viscosity of Water, ft2/sec

XPSI -~ Intensitykof 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:A
To compile: 10.4 cpu sec

To execute: 0.31 cpu sec (batch)

0.44 cpu sec (interactive)




Example case, batch mode.
COMFUTATION OF TOTAL SEDIMENT LOAD' BEY THE MORIFIEIN EINSTEIN PROCEDURE

DATA INFUT '
SET 1 .
WATER DISCHARGE 230,34 L.F.8.
AVERAGE VELOCITY 12,08 FT./8EC,
HYORAULIC DEFTH 98 FT.
WATER SURFACE WIDTH 113,00 FT.
AREA 110.74 SQFT.
TEMFERATURE : 64,00 DEG.FAHREN,
KINEMATIC VISCOSITY. +0000114 SQ.FT./SEC,
n&s S IS RN Q01050 FT,
035 E +Q00750 FT.
AVERAGE CONCENTRATION o 262,00 FPM,
SAMPLED SUSFENDED LOAD . 7 16249420 TONS/DAY
FORTION OF DEFTH NOT SAMPLED g + 30 FT.
. AVERAGE DEFTH AT _SAMPLING. . _ o o oo L1422 Fle oo~ L . B

CONVERGENCE OF SURROUTINE ZFCOM IS CHECKED BY FRINTING OUT VALUES INVOLVED

€1

~ ITER. ZTRY ROSP CROSF DCRQ
1 L 65698 19.13742 17.15951 ~1,97791
2 64217 19.13742 19,17448 L03706
J ZF () US(J)
1 (013859 . 000087
2 154001 $002709
3 642172 1020833
4 1.464188 :
5 2.581648
é 3.743757
7 4,998487
8 6+476593 V565719
9 B,302996 JBOGT727
10

10.604473  1,144244




o

SCOVBNOUDLIR-

-

o

SO NGUD O

[

TOTAL
TOTAL
TOTAL

+$312

EE EE N N S I B B EBE B N B e BN S B B B e

ned)

+ 000018
+ 000102
+000290
000580
+001160
L002320
+ 004540
£ 009280
+ 018559
+037118

nea

000018
000102
+000290
+ 000580
+Q01160
« 002320
+ 004640
+ 009280
018559
1037118

REDL LOAD
SUSFENDED LOAD
LOAR '

CF SECONDS EXECUTEON. TIME

FEICD)

9.489
5.489
G489
5.489
S.489
64791
13.582
27,163
54,327
108,654

COL16C)

753

+ 705
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0000

FHISH(J)

$ 51332
+ 51332
+$ 51332
$ 51332
+ 51332
+ 29644
1026862
+ Q0010
+ 00000
+ Q0000

COL17¢D)

~+411
=+ 421
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0,000

FE(J) XIBOE ()
0,000 0,000
0,000 0,000

L38O 2,821

+ 500 10,500

. 050 2,970

.010 1970

L010 J246
0,000 0.000
0,000 0,000
0.000 0,000

COL18¢J) COL19 ()
1,007 ~1.024
1.064 ~1.332
0,000 0,000
0,000 0,000
0,000 0,000
0,000 0,000
0.000 0.000
0,000 0,000
0,000 0,000
0.000 0.000

17.5 TONS/DAY

253,4 TONS/DAY
270.9 TONS/DAY

F8c)

220
+ 250
+420
110
0.000
0.000
0.000
0.000
0.000
0.000

COL20(D)

1,275
1.411
0.000
04,000
0.000
0.000
0.000
0.000
0.000
0,000

QsFeh

28.282
32,139
53,993
14,141

0.000

0.000 .

0.000
0,000
0.000
0.000

COL21 ¢

0,000
0+000
64366
A2
+ 135

078

0.000
0+000
0.000

XMULT ()

022
+ 240
1.000
2280
44020

10.08%5

T 12,930

146,513

COLR2CDH

0.000
0,000
~16.785
=2+140
~+734
-+ 389
e 235
0.000
0,000
0,000

VALK QVD]

014
+154
1642
1.464
2,582
3.744
4.998
be477
8.303
10.4604

COL23 ().

0.000
0.000
H2.193
3.372
1.710
1,443
1.333
0.000
0.000
0.000

AFF (D)

+ Q00037
LQO020Y
L0052
L001184
002367
+004734
Q094469

LOPE762

COMF LLOAD

36,0515
45,3410
147, 2629
35,4099
G.0787
1, 3999
3285
0.0000
0. 0000
00000

71



Example case, interactive mode

COMPUTATION OF TOTAL SEDTMEMT LOAD BY THE MOULFIED - ETHE [t FEOGCEDURE

START INPLUT DAaTe TN FR FORMAT

WTER NURBER OF DaTa SETE. NIATA=

QR VARTABLES TN ONE STRINGY

ENTER TN
OTHERWT

TOOREAD IN Al THE  Ma
SELNPUT DATA ONE &Y

ERTER FOLLOWING TRPUT DaTa (10 VARTAR

AVERAGE VELOGELTY TN FR8y UAVE=

THOIN FTey DEFTHs

61

SEACE WIUTH TN FTow U

=

CERATURE S LMD VEG, FARENH.y  TEMP=

=i

ATLG VTSCOSTTY I S0y FT o /8EC y XN

COCONCENTRATION TNOPFM BY WELGHT. €O
RTEON OF DERFTH NOT SarfLeED IN FT. [N

CODEPTHOOF SAMPLING TN FT.» D=

JN ]




JL
Tk
CLOWER)

i Y

- E000
OO - 1 0000
1.0000 00
2.0000 ~  4,0000
4.00060 ~  8.,0000

40000

= 30000 )
B.0000 ~ 16.0000 G.0000 ~ 16,0600
ENTER JTN=
"

OUTFUT OFTIONS JOUT=1 FOR FULL FRINTOUT

F OB TUE TTRPUT Pasart ThIRG Al THE RESULTS QRLY
ENTER JOUT T
T

NUNHFR QF FRACTIONS NI 9

ENTER THE

CTLONS OF

AE

ENTER

T 00002
ENTER FRC 2D FHEC 2 )
r0.0 2
ENT RO F FeC-3)

91

RS

E=]

-5



naTa THPUT

TRUOLVET

CONVERGENCE OF  SURRGUTINE Z GY PRINTING OUT VAL

TTER., ZTRY AR [GRa

Y
JHY

he?

& 7HHRET 704099

L1

= DOBREE

by 70

J VAL QR VECD

1 019018
P » B3BEE

3

4 1340554
vl 19443574
5F a0

s



o e PSTCD PHISH D) FECD KIBQAECL) AU T sl
0,000 G Q00
0. 000 0,000

3
4
5

I

“d

010 03
0.000 Q000
QOO0 0. 000 Q.000

COLLY () COL18CD) COL2O ) COL21C
A1
ARG
0,000
0,000 0,000

0.000
Q. 000

o (;‘ o0

81

Q000

] Q000 D000 0,000

QL.OD0 0,000 ) 0. 00«
0,000 0,000 0000 0.
Q. 000 0,000 0.000 Q. 000
0,000 0,000 G000 0,000

+QU Y
0,000
0000

O D000

e 1000

TOTAL

TOTAL L.OAD

A4 EX

JTLON TIME
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PROGRAM MODEIN

v
READ NO. OF DATA SETS, NDATA

o

!
HYDRAULIC DATA INPUT
SUBROUTINE INPUTIL

SEDIMENT DATA INPUT
SUBROUTINE INPUT2

, COMPUTE RS
SUBROUTINES RSCOM & PLATE3

COMPUTE PERCENTAGE OF STREAMFLOW SAMPLED
SUBROUTINE PLATE4

<

COMPUTE INTENSITY OF SHEAR
SUBROUTINE PLATES

REPEAT FROM 1 \
TO NDATA COMPUTE CONSTANTS
& LIMITS OF INTEGRATION

o

COMPUTE NUMBER OF SIZE FRACTIONS
FOR WHICH THERE ARE BOTH BED
MATERIAL AND SUSPENDED DISCHARGE
SUBROUTINE SDR

«

COMPUTE THE MULTIPLIERS AND EXPONENTS
FOR VERTICAL SEDIMENT DISTRIBUTION
SUBROUTINES MULCOM & ZPLOM

A
COMPUTE A LEAST SQUARES FIT OF THE EXPONENT OF

VERTICAL SEDIMENT DISTRIBUTION AND SETTLING VELOCITY
SUBROUTINE LSZPVS

A

COMPUTE SEDIMENT LOAD AND SUSPENDED LOAD
SUBROUTINE POWER

A ¢
|PRINT RESULTS]

END

Figure 1. Flow chart for the Modified Einstein Procedure.
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PROGRAM PMODEIN MOD GOlL0
1UINPUTsOUTPUT» TAPES=INPUT» TAPER=OUTPUT) MOD 0020
MOD 0030
MOD 0040

DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH MOD 0050 i
CENTERy FORT COLLINSs COLORADOy 80523, MOD 0060

PURPOSE COMPUTATION OF TOTAL SEDIMENT LOAD BY MOD 0070 :
THE MOODIFIED EINSTEIN PROCEDURE. MOD 0080

REFERENCES UeSe HBUREAU OF RECLAMATION PUBLICATION MOD 0090 |
STEP METHUD FOR COMPUTING TOTAL SEDIMENT LOAD  MOD 0100
8Y THE MODIFIED EINSTEIN PROCEDUREs JULY 1955  MOD 0110
(REVISED) ANpD -ADDENDUM COMPUTATION OF Z FOR USEMOD 0120
IN THE MODIFIEN EINSTEIN PROCEDUREs JUNE 1966, MOD 0130
CORE USAGE COC 6400 SCOPE 3.3 SYSTEM DEFAULT VALUEY MOD 0140
43000 OCTAL. MOD 0150
COMPILATION TIME APPROXIMATELY 8 SEC. , MOD 0160
CENTRAL PROCESSOR MOD 0170
TIME FOR ONE ~ ’ MOD 0180
SET OF DATA < APPROXIMATELY 1 SEC. MOD 0190
MOD 0200
MOD 0210
INPUT AND OQUTPUT DESCRIPTION MOD 0220
' MOD 0230
THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN MOD 0240
THE VALUE OF NDATAs IN FORMAT 15« NDATA IS THE NUMBER OF SETS MOD 0250
OF INPUT DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUTMOD 0260
DATA CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY MOD 0270
A PROBLEMs AS DETAILED BELOW. MOD 0280
, _ MOD 0290
THE FIRST CARD IS TO BE FOLLOWED BY THE NUMBER OF SETS OF INPUT MOD 0300
DATAs EACH ONE CONSISTING OF THE FOLLOWINGs IN THE ORDER SHOWN MOD 0310
(ORDER IS THE SAME AS THAT USEp IN REFERENCE 8) MOL 0320
MOD 0330

n GENERAL DATAs 13 VARIABLES TO BE PUNCHED IN FORMAT (8F10.0) MOD 0340
FOLLOWING IS A LIST OF THE VARIABLESs FORTRAN NAME AND UN1TS, MOD 0350

AVERAGE VELOCITY UAVE FTe/SEC. MOD 0360
HYDRAULIC DEPTH DEPTH FTe MOD 0370
WATER SURFACE wIDTH W FTe MOD 0380
TEMPERATURE TEMP © DEGJ.FARENHe MOD 0390
KINEMATIC VISCOSITY ' XNU SQ.FT4/SECe MOD 0400
65 PERCENT FINER DIAMETER MOD 0410
FOR BED=-MATERIAL D65 Fle MOD 0420

35 PERCENT FINER DIAMETER E MOD 0430
FOR BED-MATERIAL 035 FTe MOD (440
AVERAGE CUNCENTRATION CONC PPM, MOD 0450
PORTION OF DEPTH NOT SAMPLED DN FTe "~ MOD 0460
AVERAGE DEPTH OF SAMPLING DS Ffe MOD 0470
: MOD 0480

2) INTEGER SELECTYORS JIN AND uauUTs TO BE PUNCHED IN FORMAT 2Il. MOD 0490
JIN SELECTS THE NUMBER AND RANGE IM THE COMPUTATIONAL. MOO 0500
SIZE FRACTIONS, ND IS THE NUMBER OF SIZE FRACTIONS. MOD 0510

IF JIN=ly THE SIZE FRACJLIONg IN THE USBR PUBLICATION wILL BE MOD 0520
USED. THE FIRST TWO SIZE FRACTIONS WILL BE USED AND THE THIRD MOD 0530
DELETEDs RESULTING IN ND= lp MOD 0540
IF JIN=2s THE SIZE FRACTIONS IN THE USBR PUBLICATION wiLL BE MOD 0550
USED. IN THIS CASE THE FIRST [WO SIZE FRACTIONS WILL BE DELETEDMOD 0560

AND THE THIRD USED INSTEADs RESULTING IN ND=9 MOL 0570
IF JIN=3s THE USER HAS THE OPTION OF SPECIFYING THE NUMBER AND MOD 0580
RANGE Of COMPUTATIONAL SIZE FRACTIONS. IF THIS OPTION IS MOD 0590 !
CHOSENs ND SHOULOD BE READ IN THE CARD IMMEDIATELY FOLLOWINGs . MOD 0600 ’
IN FORMAT 11, . MOD 0610
JOUT SELECTS THE TYPE OF QUTPUT DESIRED. MOD 0620

IF JOUT=1s OUTPUT WILL CONS1ST OF THE GENERAL DATA,.CHECK ON MOD 0630
CONVERGENCE OF Z PRIMEs AND THE FINAL RESULTS IN 20 COLUMNS, MOD 0640
AS FOLLOWS. o MOD 0650

sRsNa¥eNeEsNeRolNoNoNoNoloNe e NoNoeNoNaNaRoRe RatoR o Na N NN e o N e Yo Ne e e Re s Xs ie Ra ke ke k22 Xeie X2 s Xz Xe K2 K2 Xa N X2 e X2 Xs X2 R 2 X 2}

Figure 2. Batch listing, Program MODEIN.




e T MUD 0660
1) GEOMETRIC MEAN DIAMETER, IN FT, _ MOD 0670
2) PSI MOD 0680
3) PHI SHEAR MOD 0690
4) PERCENTAGE OF BED MATERIAL IN SIZE FRACTION MOD 0700
5) BELD LOAD TRANSPORTs TONS/DAY MOD 0710
6) PERCENTAGE OF SUSPENDED LOAD IN SIZE FRACTION MOD 0720
7) SAMPLEL TRANSPORT IN SIZE FRACTION MOD 0730
8) MULTIPLIERS MOD 0740
9) Z PRIME VALUES MOD 0750
10) A DOUBLE PRIME VALUES MOD 0760
11) GEOMETRIC MEAN DIAMETER, IN FT MOD 0770
12) J ONE PRIME MOD 0780
13) J TWO PRIME MOD 0790
14) J ONE DOUBLE PRIME MOD 0800
15) u TWO DOUBLE PRIME MOD 0810
16) PROOUCT OF JS MOD 0820
17) 1 ONE DOUBLE PRIME MOD 0830
18) I TwO DOUBLE PRIME MOD 0840
19) PRODUCT OF IS MOD 0850
20) COMPUTED LOADy IN TONS/pDAY MOD 0860

IF JOuT=2 IS SELECTEDs MOST OF THE 20 COLUMNS WILL BE OMITTED MOD 0870
IN THE PRINTOUT, AND INSTEAD ONLY COLUMNS ls4s5s6 AND 20 WwILL MOD 0880
BE PRINTED. ADDITIONALLY» URL(J) AND DRU(J)y LOWER AND UPPER MOD 0890
LIMITS OF THE SIZE FRACTION RANGEs IN MMy WILL BE PRINTED TO MOO 0900

OO0 0OO0000N0NA0OOOO00000

THE LEFT OF THE S COLUMNS PREVIOUSLY MENTIONED. MOD 0910
MOD 0920
3) DATA ARRAYS., . MOD 0930
IF JIN=ly THE PERCENT OF BEpD MATERIAL INSIZE FRACTIONS FB(10)s MOD 0940
AND PERCENT OF SUSPENDED LOAD IN S1ZE FRACTIONS FS(10) ©MOD 0950
SHOULD BE PUNCHED IN FORMAT 2F1040 MOD 0960
IF JIN=2, FB(9) AND FS(9) SHUULD BE PUNCHED IN FORMAT 2F10.0  MOD 0970
IF JIN=3, THE RANGE OF COMPYTATIONAL SIZE FRACTIONS SHOULD BE MOD 0980
SPECIFIED IN ADDITION TO THE PERCENTAGES FiB8 AND FS. MOD 0990
IF THIS OPTION IS CHOSENe DRL(ND) s DRUIND) s FB(ND) AND FS(ND) MOD 1000
SHOULD WE PUNCRED [N FORMAT 4F10.0 MOD 1010
DRL(J) AND DRU(J) ARE THE LOWER AND UPPER LIMITS OF THE SIZE  MOD 1020
FRACTION RANGE, IN MM RESPECTIVELY. NOTE THAT SIZE FRACTIONS MOD 1030
SHOULD BE PUNCHED IN ORDER OF INCREASING SIZE. MOD 1040
v MOD 1050
MOD 1060
COMMON /ALL/ DISCH s UAVE s DEPTH s  MOD 1070
1 W . s AREA s TEMP s XNU ’ MOD 10890
2 D65 s D35 s CONC s QSM s  MOD 1090
3 DN v DS MOD 1100
CUMMON /ALLB/ D(14) s VS(11) s FB(10) s  MOD 1110
1 FS(10) » XMULT(10) s JIN s JOUT s MOD 1120
2 ND s NDI1 s NO2 MOD 1130
COMMON /ALLC/ QASP(10) s XIBAB(10) s FQL(10) MOD 1140
COMMON /ALLD/Z P s AP s, APP(10) ’ MOD 1150
1 ZP(10) MOD 1160
CUMMON /ALLE/ DRL (11} s DRU(11) MOD 1170
COMMON /CEF/ cJ0(2) s CJUL(2) y CJ2(2) »  MOD 1180
1 cJ3(2) e Cu) s CL(2) s C2(2) sy MOD 1190
2 €3(2) s C4(2) MOD 1200
DIMENSION COL16(10) s COLL7(10) s COL18(10) s MOD 1210
1 coL19(10) s COL20(10) s COL21(10) s COL22(10) s MOD 1220
2 coL23(10) s PSI(10) s PHISH(1O) MOD 1230
READ (59300) NDATA © MOD 1240 '
DU 280 L = 1yNDATA - MOD 1250
102 = 0 sl o MOD 1260
WRITE (69350) o : A MOD 1270
WRITE (64360) R S : MOD 1280
CALL INPUT] e T MOD 1290
CALL INPUTZ , T MOD 1300
WRITE (64370} ‘ - MOD 13190
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CALCULATING HYDRAULIC RADIUS*SLOPE R59 PERCENTAGE OF FLON SAMPLED

PFSs AND SEDIMENT DISCHARGE THROUGH THE SAMPLED ZONE QSPT

CALL RSCOM (XsRS) i
CALL PLATE4 (XsPFSyXKS)
. OSPT = Gsm * PFs

DO 110 J = 1»ND
XPS1 = 1.65 ¢ D3I5/RS
YPSI = 0466 * D(J)/RS
XYPSI = XPS1 = YPSI .
IF (XYPSI.LT.0) GO T0 10p
PSI(J) = XPSI
GO TO 110
PSI(J) = YPSI

CONTINUE

CALCULATING BED LOAD DISCHARGE XIBQB(J) AND PERCENTAGE OF
SUSPENDED MATERIAL IN VARIOUS S1ZE FRACTIONS QSP(J)

DO 120 J = 1leND
XX = PSI(J)
CALL PLATES (XXeYY)
PHISH(J) = YY
XIBAB(J) = 4342 # W % 1200, ® PHISH(J)}/2. * D(J) # % 1,5 #

1 FB(J)

QSP(J) = FS(J) # QSPT
CONTINUE
\

CALCULATING Ps APRIME APy AND A DOUBLE PRIME APP(J)

DXKS = 30e2 ® X # DEPTH/XKS
P = 2,303 % ALOGLO(DXKS)
AP = DN/DS
DO 130 J = 1eND
APP(J) = 2 #% D(J)/0EPTH
CONT INUE
CALL SDR (NeK)
Nl =N+ 1
NK = N ¢« K
WRITE (64290)

IF K IS GREATER THAN 2y CONTRO{ BRANCHES TO STATEMENT 160
CALCULATING MULTIPLIERS XMULT(J) » AND ZPRIME ZP(J)

1IF (KJGBT42) GO TU 150
CALL MULCOM (KoN1lsNKeKK)
CALL ZPCOM (KKyIDZ)
IF (IUZ.EQ.]1) GO TO 280
D0 140 J = leND
ZP{J) = ZP(KK) #* XMULT (J)
CONTINUE
GO TO 190

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

CONTINUE
DO 160 U = NlsnNK
CALL ZPCOM (Jy1DZ)
IF (I1DZ.EQs1) GO TO 280
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l 160 CONTINUE = n wommmmmess == crmm—ms o - - - "MOD 1980 ———
IF (JOUTLEQW2) GO TO 170 MOO 1990
WRITE (69310) MOD 2000
WRITE (6,330) MOD 2010
WRITE (693400 (JeZP(J)sVS(J)ysd = N1 sNK) MOD 2020
170 CONTINUE MOD 2030
CALL LSZPVS (N1sNKsKsVSsZPyasB) MOD 2040
A = EXP(A) MQD 2050
' DO 180 J = 1sND MOD 2060
XMULT(J) = 040 MOD 2070
ZP(J) = A # yS(J) * # g MOD 2080
180 CONT INUE MOD 2090
c MO0 2100
C CALCULATING SEDIMENT LOAD BY USING MODIFIED EINSTEINS INTEGRAL. MOD 2110
l c CHARTS 9910911 AND 12 MOD 2120
c : MOD 2130
190 CONTINUE _MOD 2140 -
IF (JOUT.EQ.2) GO TO 210 MOD 2150
l IF (KellTed) GO TO 200 MOD 2160
WRITE (64320) MOD 2170
200 CONT INUE : MOD 2180
IF (JOUT,.EQe2) GO TO 210 : MOD 2190
WRITE (69330) ) MOD 2200
WRITE (69340) (JeZP(J)9VS(J)sJ = 19ND) MOD 2210
210 CONTINUE - MOD 2220
TQL = 0 MOD 2230
TBL = 0 ) MOD 2240
l DO 250 1 = 1sND ) MOD 2250
XM = APP(I) MOD 2260
M = ZP(]) MOD 2270
1F (FBUY)eLTo0s014ANDFS (1) LTL0.01) GO TO 230 MQD 2280
1F (FB(I)eL.T40401) GO TO 220 MOD 2290
CALL PUWER (ZM9XMsCOL21(T)sCOL22(1) 9DUMLyDUM2+0,01) MOD 2300
COL23(I) = P # COL21(1) + COL22(1) + 1, MOD 2310
Ful (1) = XIBQB(I) # COL23([) MOD 2320
COLlo(I) = 0. MOD 2330
COL17(I) = 0, MOD 2340
COL18(1) = 0, . MOD 2350
COL19(L) = 0, MOD 2360
COL20(I) = Q. MOD 2370
GO TO 240 MUD 2380
220 CONTINUE ' MO0 2390
! CALL POWER (ZMsAP9yDUMLyDYMR4sCOLLI6(T) 9COLLIT(1)90,01) MOD 2400
CALL PUWER (ZMyXMsDUM3DyM49COLLIB(I) 2COLLI9(T) 90,.01) MOD 2410
COL20(I) = (P # COL1B(I) + COLLIY(I))/(P # COLYG(I) + COL17(IMOD 2420
1 | MOD 2430
Fut (1) = Q@SP(I) # COL20(Y) ‘ MOD 2440
cuL21(l) = 0. MOD 2450
coL2z(iy = o0, . MOD 2460
COL23(1) = 0. ! MOD 2470
l GO TU 240 MOD 2480
230 CUNTINUE . MOD 2490
FQL(I) = 0.0 MOD 2500
CoLl6(I) = 0. MOD 2510
COLI7(L) = 0. MOD 2520
I coLls(L) = 0. MOD 2530
CUL1Y(I) = 0. MOD 2540
COL2U(Ll) = 0. . MOD 2550
‘ coL21¢l) = 04 ;. MOD 2560
l coL22(f) = 0, 55 . ' MOD 2570
CoL23(D) = 0. . N : MOD 2580
240 CONT INUE - oo : ) : MOD 2590
TOL = TQL + FQL{D) : o MO0 2600
TBL = TBL + X18us(I) : MOD 2610
250 CONT INUE : . MOD 2620
TSL = TuL = TBL : MOD 2630
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c PRINTING OUTPUT MOD 2650
C MOD 2660
WRITE (69390) MOD 2670
IF (JOUTLEQ.2) GL TO 260 MOD 2680
WRITE (69400) .MOD 2690
WRITE (044100 (Js0(J)9PSI(J)sPHISH(J) «FB(J) 9 XIBAB(J) yFS(J) +QSP (MOD 2700
1 ) s XMULT (U) 9ZP (J) s APP(J) sJ = 14ND) MOD 2710
WRITE (65420) MOD 2720
WRITE (694300 (JsD(J)9COLLIE(J) 9COLLIT(UI 9COLIB(J) sCOLLF(J) 9 COL2OMOD 2730
1 (J) 9 COL21(JIsCOL22(J) 9COL23(J) 9FAL(J) 9d = 19ND) MOD 2740
60 10O 270 MOD 2750
260 CONTINUE MOD 2760
WRITE (6+440) : MOD 2770
WRITE {69450) (DRL(J)9DRU(J) 90 () oFBIJ) +XIBAB(J) 9FS(J) sFOL (J) s UMOL 2780
1 = 19ND) MOD 2790
270 CONT INUE , MOD 2800
WRITE (69460) T8LsTSLsTQL \ MOD 2810
280 CONT INUE ) MOD 2B20
c MOD 2830
c FORMAT STATEMENTS MOD 2840
C MOD 2850
STup. MO0 2860
C ‘ MOD 2870
c MOD 2880
c MOD 2890
290 FORMAT {//910Xs75H CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY PMOD 2900
IRINTING OUT VALUES INVOLVED»//) MOD 2910
300 FURMAT (I5) , MOD 2920
310 FORMAT (//910X94)1H ARRAYS ZP AND VS BEFORE LEAST SQUARE FITe/) MOD 2930
320 FURMAT (//910X940H ARRAYS ZP AND VS AFTER LEAST SQUARE FITs/) MOD 2940
330 FURMAT (//+10X935H J ZP(J) VS(J) /) MOO 2950
340 FURMAT (10Xe112+2F12.6) MOD 2960
350 FORMAT (1HD) MOD 2970

360 FURMAT (40Xs70HCOMPUTATION OF TUTAL SEDIMENT LOAO BY.THE: MODIFIED MOD 2980

1 EINSTEIN PRUCEDUREs///) MOD 2990
370 FURMAT (32X 10HDATA INPUTe//) MOD 3000
380 FURMAT (10K94HSET +159/10Xe34HWATER DISCHARGE sFMOD 3010

11262913H CoFeSe 2/10X s 34HAVERAGE VELOCITY s FMOD 3020

21242913H FT4/SEC, 2/ 10Xs34HHYORAULIC DEPTH - s FMOD 3030

312¢2913H F1, +/10Xs34HWATER SURFACE WIDTH s FMOD 3040

41ce2913t FTo 9/ 10X 9 34HAREA 2 FMOD 3050

512¢2913H SQ.FTe 9/ 10Xy 34HTEMPERATURE yFMOD 3060

612e2913H DEG+FAHRENS 3/10Xy34HKINEMATIC VISCOSITY 2 FMOD 3070

112e7913H SQFTe/SECe »/10X934HD6S » FMOD 3080

812+6413H FT. 3/ 10X934Hp35 s FMOO 3090

912e6913H Fle 9/10Xs34HAVERAGE CONCENTRATION s FMOD 3100

0lce2s13H PPM. 9/1UX9 34HSAMPLED SUSPENDED LOAD +FMOD 3110

1124¢4913H TONS/DAY #/10K934HPURTION OF DEPTH NOT SAMPLED s FMOD 3120

21242913H FT. - 2/ 10X934HAVERAGE DEPTH AT SAMPLING sFMOD 3130

3124294H FTs) MOD 3140
390 FURMAT (/7/) . ' MOD 3150

400 FORMAT (SXelHJ911X94HD(U) 9 TXeBHPST(J) ¢ SX ¢ BHPHISH(J) s TX9 SHFB (J) » 46X s MOD 3160
lBHXIBQB(J)'7X’5HFS(J)96X96HQSP(J),4X96HXMULT(J)y?XoSHZP(J)ySXo6HAPMOU 3170

2P {J) /) MO0 3180
410 FURMAT (4X91294X9F12.69F12e39F12e536F12431F1246) MOD 3190
420 FORMAT (//5Xe1HJ» 11X94HD(U) 96X BHCOL 16 () 14X 9 BHCOL17(J) 94Xy BHCOL1BMOD 3200

1(J) 9 Xy BHCOL19(U) 94Xy BHCOL20 (J) v4X 9 BHCOL 21 (J) 94Xy BHCOLZ2Z2(J) 94X s BHCMOD 3210

20LE3(J) 94X IHCOMP (LLUALY) MOD 3220
430 FURMAT (4X91294X9F12.098F12e39F1244) MOD 3230
440 FORMAT (10Xs44H DRL () DRU (V) D(J) FB(J) - MOD 3240

1 XiBus (J) FS(Jy: FQL (J) ¢ /) MOD 3250
450 FUKRMAT (10Xs6F12464F12.3) - MOOD 3260
460 FURMAT (///995X934HTOTAL BED LOAD ' : © 7 sFl6e199H TONSMOD 3270

1/DAYs/5X934HTOTAL SUSPENDED LOAD - - 1F164199H TONS/DAY»/MOD 3280

€5A934HTOTAL LOAD . sFl64199H TONS/DAY) MOD 3290
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T END e m———— e - TTTMOD (3300
I SUBROUTINE INPUT1 MOO 3310
c MOD 3320
c THIS SUBROUTINE READS IN THE BASIC VARIABLES OF THE PROBLEM MOD 3330
c MOD 3340 i
COMMON /ALL/ DISCH s UAVE s DEPTH N MOO 3350
l 1 w s AREA s TEMP s XNU ’ MOD 3360
2. 065 y D35 s CONC s QSM ’ MOD 3370 ‘
3 DN s DS MOD 3380
READ (S59100) UAVEIDEPTHsWsTEMP ¢ XNU9D659D359 CONC»DN9DS MOD 3390
AREA = DEPTH # w MOD 3400
' DISCH = UAVE # AREA MOD 3410
QSM = DISCH % CONC * 0027 MOD 3420
RETURN . MOD 3430 ;
C MOD 3440 |
I C MOD 3450 ‘
c MOD 3460
100 FORMAT (8F1040) . MOD 36470
END MOD 3480
SUBROUTINE InPUT2 MOD 3490
(o S MOD 3500
c THIS SUBROUTINE READS IN ADDITIONAL INPUT AND FINDS THE VALUE OF MOD 3510
c . NOs THE NUMBER OF S1ZE FRACIIONS TO BE USED IN THE COMPUTATION MOD 3520
c MOD 3530
l COMMON /ALL/ DISCH s UAVE s DEPTH ’ MO0 3540
1 W s AREA s+ TEMP s XNU ] MOD 3550
2 D65 s D35 s CONC s QSM ’ MOD 3560
3 ON v DS ' MOD 3570
l COMMON /ALLB/ D(11) s VS{11) s FB(10) N MOD 3580
1 FS(10) s+ XMULT (10) s JIN s JOUT ’ MOD 3590
2 ND -~ 9 ND1 s ND2 MOD 3600
COMMON /ALLE/ DRL(11) s DRUCID) : MOD 3610
DRL(1) = .00 MOD 3620
. DHL(2) = L0156 MOD 3630
DKL (3) = Ju02 MOO 3640
DRL(4) = ,0625 _ MOD 3650
DRLS) = ,125 . MOD 3660
l DRL(6) = .25 MOD 3670
DRL(7) = .5 . MOD 3680
' DRL(8) = 1, MOD 3690
DHL{(9) = 2. MOD 3700
DRL(10) = 4, ' MOD 3710
DRL(11) = 8. MOD 3720
DRU(]) = L0156 : MOD 3730
DRU(Z2) = L0625 MOD 3740
DRU(3) = ,0625 MOD 3750
l DRU(4) = ,12> MOD 3760
DRU(S) = .25 MOOD 3770
DRU(E) = .5 : ) MOD 3780
DRU(T) = 1. ! MOD 3790
DRU(8) = 2. MCD 3800
DRU(9) = 4, ] MOD 3810
ORU{10) = 8, MOD 3820
DRU(11) = 16, ‘ - MO 3830
: READ (55180) JINsJOUT MOU 3840
IF (JIN.EQ.3) GO 10 150 MOD 3850
l DU 100 J = 1sli MOD 3B60
D(J) = (DRL(J) # DRU(J)) % # 0,5/304.8 . MOD 3870
VS({J) = ((2e/30 # 32,17 # 1,65 # D(J) * # 3, + 36, % XNU # @ MOD 3880
1 2e) # % 0,5 = 6o #:XNUI/DIY) MOD 3890
I 100 CONTINUE o . - MOD 3900
NOL .= 10 , . o _ : : MOD 3910
NU2 = 9 : _ MOD 3920
IF (JINJEQ.2) GO TO 120 : MOD 3930
00 110 U = 3,N01 : . MOD 3940
' D(J) = Dy + 1) : MOD 39590
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""" o VS8{J) = VS(J ¢ 1) —— " T T T e e e e e - MO0 3960 I
110 CONTINUE MOD 3970
ND = ND1 ‘ MOD 3980
GO TO 140 MOD 3990
120 DO 130 J = 1,ND2 MOD 4000
D(UY = D(J + 2) - MOD 4010 .
VS{J) = VS(JU + 2) MOD 4020
130 CONTINUE MOD 4030 ;
ND = ND2 MOD 4040 |
140 CONTINUE MOD 4050 |
READ (55190) (FB(J)+FS{J)ed = 19ND) : MOD 4060 !
GO TO 170 MOD 4070
150 CONTINUE MOD 4080 |
READ (5,200) ND MOD 4090 !
READ (59210) (DRL(J) sDRU(J) oFB(J) 9FS(J) eJd = 19ND) MOD 4100 : l
DU 160 J = 1sND MOD 4110 !
DY) = (DRUJ) % DRL(J)) * & 0,5/304.8 MOD 4120 |
VS(J) = ((2./3¢ * 32417 % 1,65 # D(J) * # 3, ¢ 36, * XNU ¥ # MOD 4130 |
T | 2a) ®  ® 0,5 = 64 # XNUY/D(Y) ‘ ’ MOD 4140 |
160 CONTINUE MOD 4150 |
170 CONTINUE } MOD 4160 :
RETURN MOD 4170
c MOD 4180
c MOD 4190 l
c MOD 4200
180 FORMAT (211) : MOD 4210
190 FORMAT (2F10.0) . ' MOD 4220
200 FURMAT (Il) MOD 4230
210 FORMAT (4F10.0) MOD 4240
END MOD 4250
SUBROUTINE RSCOM (X#RS) MOO 4260
c , MOD 4270
c THIS SUBROUTINE COMPUTES THE VALUE OF RS BY ITERATION MOD 4280 '
c MOD 4290
COMMON /ALL/ DISCH » UAVE s DEPTH ’ MOD 4300
1 W s AREA s TEMP s XNU ’ MOD 4310
2 065 s D35 + CONC s QSM ’ MOD 4320
3 DN s DS MOD 4330
X = le6 MOD 4340 :
TOL = 0,001 . MOD 4350
XKS = D65 MOD 4360
100 XUKS = 12,27 # X % DEPTH/XKS MOD 4370
SKRS = UAVE/ (32,63 # ALOG10(XDKS)) MOD 4380
USHP = SRRS # 5,68 MOD 4390
DEL = 11.6 # XNU/USHP MOD 4400
DELKS = XKS/ULEL ; MOD 4410 .
CALL PLATE3 (DELKSsX2) MOD 4420
DELX = X - X2 MOD 4430
IF (ABS(DELX).LT.TOL) GO TO 1llp MOD 4440
X = X2 MOD 4450 |
GL TO 100 _ MOD 4460
110 CUNTINUE MOD 4470 °
XUKS = 12.27 # X # DEPTH/XKS MOD 4480
SKRS = UAVE/(32.63 # ALOGl0(XUKS)) MOD 4490
RS = SRRS # SRRS ' , MOD 4500
RETURN MOD 4510 l
c . MOD 4520
END _ : MOD 4530
: SUBROUTINE PLATE4 (XyPFS59XKS) MOD 4540
c MOD 4550
c TnIS SUBROUTINE SUBSTITUTES PLATE FOUR FOR THE ANALYTICAL ' MOD 4560 l
c EAPRESSION OF PFS . S o MOD 4570
c MOD 4580
CUMMYN /ALL/ DISCH s UAVE + DEPTH ¢+ MOD 4590
1~ " s AHEA s TEMP » XNU ¥ MOD 4600 '
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2 065 sy D35 s CONC s QSM N MOD 4610 :

3 DN " s DS ) - - MOD 4620

XKS = D65 , MOD 4630

A = 30,2 # X/XKS . MOD 4640

YDS = DS # ALOG(A # DS) = DS MOD 4650

l YON = DN # ALOG(A # DN) = DN MOD 4660

PFS = (YDS =~ YDN)/YDS MOD 4670

RETURN . MOD 4680

C MOD 4690

END MOD 4700

SUBROUTINE SOR (NysK) MOD 4710

o MOD 4720

C THIS SUBROUTINE COUNTS THE NUMBER OF SIZE FRACTIONS K FOR WHICH MOD 4730

c THERE 1S BOTH BED AND SUSPENDED DISCHARGEs AND THE NUMBER OF SIZE MOD 4740

(o FRACTIONS N SMALLER THAN FIRST K. MOD 4750

c ) o MOD 4760

COMMON /ALLB/ 0(11) s VSI(I11) sy FB(10) s  MOD 4770

1 FS(10) s XMULT(10) s JIN s JOUT s MOD 4780

2 ND » ND1 » ND2 MOD 4790

J=0 MOD 4800

K=290 MOD 4810

N=0 . MOD 4820

100 CONTINUE . MOD 4830

LF (FB(J + 1)4GTo0400sANDSFS(J + 1)4GTo0,00) GO TO 120 MOD 4840

IF (KeNELO) GO TO 110 ' MOD 4850

N =N+ 1 MOD 4860

110 y = 0 + 1~ MOD 4870

IF (JeEQ.ND) RETURN MOD 4880

l GU TO 100 g MOD 4890

120 CONTINUE 'MOD 4900

K=z K+ 1 MOD 4910

J s Jd o+ ] ) MOD 4920

l IF (J.EQ.NU) RETURN ‘ MOD 4930

6U TO 100 MOD 4940

c , MOD 4950

END MOD 4960

SUBROUTINE LSZPVS (N1sNKsKsXsY,A9B) MOD 4970

l c X MOD 4980

c THIS SUBROUTINE CALCULATES A LEAST SQUARE FIT FOR ZPRIME ZP(K) ANDMOD 4990

c VS (K) MOD 5000

c MOD 5010

DIMENSTION X(11) s Y(IO) MOD 5020

SUMX = 0, MOD 5030

SUMY = 0, MOD 5040

SUMXY = 0, MOD 5050

SUMX2 = 0, MOD 5060

l DU 100 J = N1sNK MOD 5070

XL = ALOG(X(J)) MOD 5080

SUMX = SUMX + XL MOD 5090

YL = ALOG(Y(J)) . MOD S100

SUMY = SUMY + YL ! MOO 5]10

XY = XL # YL MOD 5120

SUMXY = SUMKY + XY MOD 5130

X2 = XL # XL : " MOD 5140

SUMX2 = SUMK2 + X2 MOU S150

100 CONTINUE MOD 5160

XMEAN = SUMX/K MOD 5170

YMEAN = SUMY/K MOD 5180

8 = (SUMXY - SUMX # SUMY/K)/(SUMX2 = SUMX #* SUMX/K) . MOD 5190

A = YMEAN = 8 * XMEAN MOD 5200

. RETURN o e MOD 5210

C o ) S MO 5220

END _ - - , D MOD 5230

SUBROUTINE MULCOM (KyN1yNKgKK) = ..~ MOD 5240

c . ' MOD 5250

c THIS SUBROUTINE CALCULATES THE MULTIPLIERS XMULT(J) MOD 5260

C MOD 5270
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""" © CUMMON /ALLBZ™ === D(1I} ~ -~ ~ § VST1LI ~ =% ‘FBL10) == 9= - -MOD- 5280~ <
1 FS(1w) » XMULT(10) o JIN s JOUT s MOD 5290
2 ~ND » ND1 s ND2 MOD 5300
DIMENSION SBS(9) MOD 5310
IF (KeEQe0) GO TO 150 _ MOD 5320
IF (KeEQe2) GO TO 100 MOD 5330
KK = N1 MOD 5340
GO TO 130 MOD 5350
100 CONTINUE MOD 5360
DO 110 U = N1sNK MOD 5370
SHS(J) = FBIJ) + FS(J) . MOD 5380
110 CONTINUE : MOD 5390
IF (SBS(N1).6T.SBS(NK)) GO TO 120 MOD 5400
KK = NK ‘ MOD 5410
6V TO 130 . MOD 5420
1120 KK = Nl MOD 5430
130 CUNTINUE . : ’ _ MOD 5440
DO 140 J = 1sND : MOD 5450
XMULT(J) = (VS(JI/VS(KK)) % = 0.7 , MOD 5460
140 CONTINUE MOD 5470 I
G0 TO 160 . ’ MOD 5480
150 WRITE (64170) MOD 5490
160 CONTINUE MOD 5500
. RETURN MOD 5510
c. MOD 5520
c MOD 5530
c MOD 5540
170 FORMAT (10X997HBECAUSE NO SIZE FRACTION CONTAINS BOTH BED AND SUSPMOD 5550
1ENDED DISCHARGE, THE COMPUTATIQONS ARE ABORTED.) MOD 5560 I
END B MOD 5570
SUBROUTINE PLATEB (X»Y) MOD 5580
c M0D 5590
c THIS SUBROUTINE APPROXIMATES PLATE 8 BY A LINE IN LOG-LOG PAPER  MOD 5600
c i MOD 5610
Y = = 0.33 % ALOG10(X) + 1.08 _ MOD 5620
RETURN MOD 5630
c _ MOD 5640
' END ) MOD 5650 l
: SUBROUTINE ZPCOM (Js10Z) MOD 5660
C : MOD 5670
c THIS SUBROUTINE COMPUTES ZPRIME ZP BY ITERATION MOD 5680
c FIRSTy ATRIAL VALUE OF ZP IS CALCULATEDs AND THEN, WITH ANOTHER  MOD 5690 |
c TRIALy A LINEAR INTERPOLATION IS MADE. CONVERGENCE IS VERY FAST. MOD 5700
c MOD 5710 |
CUMMON /ALLB/ D(11) s VS{ID) y FB(10) - s MOD 5720 !
1 FS(10) s XMULT(10) o JIN s JOUT ‘s MOD 5730
2 ND s ND1 s+ NDZ2 MOD 5740
COMMON /ALLC/ QsP(10) s XIBOB(I0) o FOL(10) MOD 5750
CUMMON /ALLD/ P y AP s APP(10) sy  MOD 5760
1 ZP(10) ) MOD 5770 |
XM = APP(J) : MOD 5780 i
RUSP = WGSP (U)/X1BGB(J) MOD 5790 l
If (RUSP.LT.1873.) GO TO 100 _ MOD 5800 |
02 = 1 MOD 5810
WRITE (65150) . MOD 5820
RETURN MOD 5830 | l
100 CALL PLATE® (RQUSP,ZTRY) MOD 5840
STEP = 0.0l MOD 5850
WRITE (65160) MOD 5860
KOUNT = 0 MOD S870
110 CUNTINVE . MOD 5880 '
KOUNT = KOUNT + 1 MOD 5890 ,
IF (KOUNT.GT.10) GO TO 130 MOD 5900
CALL PUWER (ZTRYsXMsXI1PPsDUM] ,XJ1PPsDUM2s0401) MOD 5910
CALL POWER (ZTKY s AP sDUM3»DUMb 3 xJ 1Py XJ2P20a01) ~ MOD 5920 .
S e CRUSP = XIIVHIXJIPP ® (P ¥ XUlp <+ XJI2P A . e MO SO30




|

I CUCKQ = CHQSP- = "RUSP—— ‘ T MOD 5940
IF (JOUT.EW.2) GO TO 120 MOD 5950
WRITE (6+5180) KOUNT9ZTRYsRQSP+CRQASPDCRQ MOD 5960
120 CONTINUE MOD 5970
l TUL = 0.01 * RQSP MOD 5980
IF (ABS(DCRQ) +LT4TOL) GO TO 149 MOD 5950
IF (CRQSP.LT«RQSP) ZTRYl = ZTRy = STEP MOD 6000
IF (CRQSPWGT.RQSP) ZTRY1l = ZTRy + STEP MOD 60}0
CALL POWER (ZTRY19XMyXI1PP9DUM] 9 XJ1IPPyDUMZs0.01) MOD 6020
CALL POWER (ZTRY15APDUM39DUM4 4XJIPsXJ2Ps0401) MOD 6030
CRUSPL = XIIPP/XJLPP # (P % XJIP + XJ2P) MOD 6040
TEMP = (RQSP = CRUSP) # STEP/(CRQSPL = CRQSP) MOD 6050
IF (CRQSP.LT«RUSP) ZTRY = ZTRY = TEMP MOO 6060
IF (CRQSP,GT4RASP) ZTRY = ZTRY + TEMP : MOD 6070
l GO TO 110 , MOD 6080
130 CONTINUE MOU 6090
WRITE (69170) MOD 6100
140 CONTINUE _ MOD 6110
2P(J) = ZTRY : MOD 6120
RETURN MOD 6130
c MOD 6140
(o4 MO0 6150

C MOD 6160 0

I 150 FORMAT (///+10XsBBHRQSP OUT OF PERMISSIBLE RANGE IN THIS: SET OF DAMOD 6170
1TA-CALCULATIONS FOR THIS SET ARE ABORTED.) MOD 6180
160 FORMAT (//920XsSHITER«sSX9SHZTRY 96X+ 4HRQASP 98X s SHCRASP 7X94HDCRR) MOD 6190
170 FURMAT (/10Xs76HZPCOM DUES NOT CONVERGE WITH 10 ITERATIONS, LAST VMOD 6200
1ALUE OF ZP(J) WILL BE USEDs/) , MOD 6210
180 FORMAT (/10X9112+4F12.5) MOD 6220
ENUL MOD 6230
SUBROUTINE PLATE3 (X,Y) MOD 6240
c MOD 6250
l C THIS SUBROUTINE APPROXIMATES PLATE 3 BY A SERIES OF EQUATIONS MOD 6260
C MOD 6270
IF (XeLEs0440) GO TO 100 MOD 6280
GO TO 110 MOD 6290
100 Y = 1.769 # ALOGLO(X/0,080) MOD 6300
GO TO 260 - . MOD 6310
110 IF (XeGTa0e40eANDXoLEL0e56) G TO 120 MOD 6320
GO TO 130 MOD 6330
120 Y = 14495 # ALOGLlO(X/0.059) MOD 6340
l GO TO 260 MOD 6350
130 IF (XeGTe0s560ANDeXelLELQa76) Go TO l40 MOD 6360
GU YO 15¢ MOD 6370
140 Y = 0492 * ALOGIO(X/040145) MOD 6380
GO Y0 260 MOD 6390
150 IF (XeGTe04764AND.XeLELU.96) GO TO 160 MOD 6400
GU TO 170- MOD 6410
160 Y = 04292 #* ALOGlO(X/2.9E = 06} , MOD 6420
GO TO 260 \ MOD 6430

I 170 IF (X4GTe0e96eANDeXeLE1435) GO TO 180 MOD 6440 ‘
GU TO 190 MOD 6450
180 Y = 04277 % ALOG10(63200040/X) MOD 6460
GO TO 260 MOD 6470
190 IF (XeGTale35.ANDWX.LEL3.00) GO TO 200 MOD 6480
l GO 10 210 MOD 6490
200 Y = 1,115 # ALOGL10(34,4/X) MOD 6500
GO 1O 260 MOD 6510
210 IF (XeGT+34004AND, XeLE+4400) Go TO 220 " MOD 6520
. GO TO 230 MOD 6530
220 Y = 0,725 *# ALOGIO(I&B /%) . MOD 6540
GU TO 260 . ) S MOD 6550
230 IF (XeGTe4e00sANDoXelLEs6+70) GO TO 240 MOD 6560
GO TO 2%¢ ) : MOD 6570
I 240 Y = 04399 @ ALOGL0(216040/X) _ MOD 6580
GU TO 260 T MOD 6590
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250 IF (XeGTo6e70) Y = 150-° =+ == o= = T T e s - MOD 6600 " l
260 RETURN : MOD 6610
c MOD 6620
END o : - MOD 6630
SUBROUTINE PLATES (XsY) MOD 6640 |
c MOD 6650
c THIS SUBROUTINE APPROXIMATES PLATE 5 BY A SERIES OF EQUATIONS MOD 6660
c : MOD 6670
c MOD 6680
IF (XeLYeod) Y = B.106078 # X 2 # ( = 0,989002) : MOD 6690
IF (XelEalooANDaXoGEse&4) Y = 7,473444 % X # @ ( = 1,067367) MOD 6700
IF (XeLTe20eANDoXoGTole) ¥ = 7,512081 # X # & ( - 1,182832) MOD 6710
IF (XeLEe3e.ANDeXeBEL2s) ¥ = 9,151968 # X # # ( = 1,472483) MOD 6720 j l
IF (XeLTe500ANDeXeGT43e) ¥ = 164025332 % X # ® ( = 1,972806) MOD 6730 i
IF (KeLEeTeeANDeXoGESSs) Y = 414421873 # X # # ( = 2,578713) MOD 6740 !
IF (XelTelUoeANDeXaGToT7e) ¥ = 13042209 # X # % ( = 3,165102) MOD 6750 :
IF (XeLEo13.¢AND.X4GE4104) ¥ = 584,560594 ¢ X ¢ # ( =~ 3,818249) MOD 6760
IF (XeLT417¢eANDeXo6Ta130s) Y = 3543.989886 # X # # ( = 4.522935) MOD 6770
IF (XeLE<20eeANDeXoGEe17ea) Y = 16906454945 # X # # ( = 6,703904) MOD 6780
IF (XeLTe2340ANDeXo6T420s) Y = 5188257832, # X # @ ( = 9,381815) MOD 6790
IF (XeGEs234¢) Y = 3.134987996E15 # X # # ( = 13.597547) MOD 6800 ;
RETURN MOD 6810 i l
c MOD 6820
END MOD 6830
SUBROUTINE POWER (ZsAsXI1sXI25XJ19XJ2sCONV) MOD 6840
c ' . MOD 6850
c THIS SUBROUTINE EVALUATES Il 12 J1 AND J2 INTEGRALS MOD 6860
c NUTATIONS MOD 6870
¢ X{l = VALUE OF Il INTEGRAL MOD 6880
c XI2 = VALUE OF I2 INTEGRAL MOD 6890
c XJ1l = VALUE OF Jl INTEGRAL MOD 69500
c XJ2 = VALUE OF J2 INTEGRAL MOD 6510
c N = ORDER OF APPROXIMATION + 1 MOD 6920
c CONV = CUNVERGENCE CRITERION MOD 6930
C ' MOD 6940
- N =1 MOD 6950
FACT = 0,216 ® A # # (Z = 1.)/(1, = A) * # 7 MOD 6960
X1l = 0. MOD 6970
X2 = 0. MOD 6980
AJl = 0. ' MOD 6990
XJ2 = 0. MOD 7000
ALG = ALOG(A) © MOD 7010
C = 1l. MOD 7020
D= =12 MOD 7030
E =D + 1. . MOD 7040 l
FN o= ], i MOD 7050
AEX = A # & E MOD 7060
G0 T0 110 MOD 7070
100 N = N + ] MOD 7080
C =C % D/FN MOD 7090
b =Et MOD 7100
E =D+ 1, MOD 7110
FN = FLOAT(N) MOD 7120
AEX = A # @ E _ MOD 7130 l
110 If (ABS(E)+LE404001) GO TO 120 MOD 7140
XJl = AUl + C * (1. = AEX)/E _ MOD 7150
XJ2 = XJ2 ¢ C # ((AEX = 1.)/E » & 2 = AEX #* ALG/E) . MOD 7160
GU TO 130 MOD 7170
120 xJl = XJ1 = C * ALG MOD 7180
XJ2 = XJ2 = 0.5 % C # ALG # » 2 MOO 7190
130 IF (NJEG.1) GO TO 140 MOOD 7200
CJl = ABS(1. = FJ1/XJ1) . MOD 7210
CJ2 = ABS(l. = FJ2/XJ2) : MOD 7220
IF (CU1.LEJCONV.AND.CJ2.LELCONY) GO TO 150 MOD 7230
140 FUl = XJ1 MOD 7240
FJ2 = XxJ2 MOD 7250
6U .TO 100 v MOD 7260
150 X1l = FACT # XJ1 MOD 7270 l
xI2 = FACT # xJ2 MOD 7280
RETURN . MOD 7290
c MOD 7300
END ‘ - MOD 7310 l
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PROGRAM MODEINI
1 (ANPUT s QUTPUT s TAPES=INPUT s TAPEGZOUTPUT)

DEVELOPED COLURADO STATE UNIVERSITY ENGINEERING RESEARCH
CENTERy FORT COLLINSs CHLORADOs 80523,

PURPQSE COMPUTATION oF TOTAL SEDIMENT OISCHARGE 8Y
THE MODIFIED EINSTEIN PROCEDURE,

REFERENCES UeSe BUREAU OF RECLAMATION PUBLICATION

STEP METHOD FOUR COMPUTING TOTAL SEDIMENT LOAD
B8Y THE MODIFIED EINSTEIN PROCEOUREs JULY 1955

MODIO0O010

- MODI0020

MODlo0030
MODI0040
MODIOUS50

"MODIOO6D

MO010070
MODI0080
MODI0090
MODIO100
MODIoll0

(REVISED) ANp ADDENOUM COMPUTATION OF Z FOR USEMODIOD1Z20

» IN THE MODIFIED EINSTEIN PROCEDUREs JUNE 1966.
CORE USAGE CDC 6400 SCOPE 3.3 SYSTEM DEFAULT VALUE
43000 OCTAL.
COMPILATION TIME APPROXIMATELY 8 SEC.
CENTRAL PRUCESSOR
TIME FOR ONE _
SET OF DATA APPROXIMATELY 1 SEC.

INPUT AND OUTPUT DESCRIPTION

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

MODI0130
M0D10140
MOOI0150
MODIO160
MODIO170
MOOIO0180
MODI0190
MODI0200
Moolozlo
M0OD10220
MOD10230
MODIO0240
MODIO0Z250

OF INPUT DATA TO BE FED TO THE COMPUTER AT A TIME. A SET OF INPUTMODIOZ260

DATA CONSISTS OF A GROUP OF VARIABLES NECESSARY TO SPECIFY
A PRUBLEMs AS DETAILED BELOW,

THE FIRST CarD IS TO BE FOLLOWED BY THE NDATA SETS OF INPUT
DATAy EACH ONE CONSISTING OF THE FOLLOWINGy IN THE ORDER SHOWN
(UKDER 1S THE SAME AS THAT -USEp IN REFERENCE 8)

1) GENERAL DATAs 10 VARIABLES 70 BE ENTERED IN FREE FORMAT
FOLLUWING IS A LIST OF THE yARIABLESs FORTRAN NAME AND UNITS,

AVERAGE VELOCITY UAVE FTe/SEC.
HYORAULIC DEPTH ’ DEPTH Fle
WATER SURFACE wIDTH ] FToe
TEMPERATURE TEMP DEG.FARENH,
KINEMATIC VISCOSITY XNU SQeFTe/SEC,
65 PERCENT FINER DIAMETER

FOR BED=-MATERIAL D65 FTe
35 PERCENT FINER DIAMETER

FOR BEO=MATERIAL D3S FTe
AVERAGE CONCENTRATION CONC PPY,
PORTION OF DEPTH NOT SAMPLEp DN FTe
AVERAGE OEPTH OF SAMPLING DS FT.

2) INTEGER SELECTORS JIN AND JQUT, TO BE ENTERED IN FREE FORMAT
JIN SELECTS THE NUMBER AND RANGE IN THE COMPUTATIONAL
SIZE FHACTIONS, ND IS THE NUMBER OF SIZE FRACTIONS,
1F JIN=ly THE SIZE FRACLIONg IN THE USBR PUBLICATION wILL BE
USED. THE FIRST Tw0 SIZE FRACTIONS WILL BE USED AND THE THIRD
DELETEDy RESULTING IN ND= 1ig
IF JIN=2y THE SIZE FRACTIUNS IN THE USBR PUBLICATION WILL BE

MODI0270
MODIOz80
MODIO0Z2Y90-
MODI0300
MODIO310
MODI0320
MOOIO0330
MODIO0340
MODI03S50
MO0O10360
MOOIo0370
MODIO0380
MODI0390
MOOTIV400
MODIO410
MOD10420
MODI10430
MOD10440
MODI0450
MOD10460
MODI0470
MODI0480
MODI04%0
MODI0500
MODIOS10
MOOI0520
MOD10530
MOD10540
MOD10550

USED. IN THIS CASE THE FIRSY TWO SI1ZE FRACTIONS WILL BE DELETEOMODI0560

AND THE THIRD USED INSTEADs RESULTING IN ND=9

IF JIN=3y THE USER:HAS THE OPTION OF SPECIFYING THE NUMBER AND

RANGE OF COMPUTATIONAL SIZE FRACTIUNS. IF THIS OPTION IS

CHOSENy NOU SHOULD BE READ IN THE CARD IMMEOIATELY FOLLDNINGo

IN FORMAT Ile .

JOUT SELECTS THE TYPE OF OUTPUT DESIRED.

1F JOUT=19 QUTPUT wILL CONSIST OF THE GENERAL DATAs CHECK ON

CONVERGENCE OF Z PRIMEs AND THE FINAL. RESULTS IN 20 COLUMNS,
xRS FOLLOWS, :

Figure 3. Interactive listing, Program MODEIN.

MODI0570
MODI10580
MODI0590
MODI0600
MODIO0610
MOD10620
MODI0630
MODI0640
MODI0650
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CALL INPUT1

¢
c 1) GEOMETRIC MEAN DIAMETERs IN F1. MODE0670 '
D o4 2) pPS! : . MOD10680
c 3) Prl SHEAR ‘ ' MODI0690
c +) PERCENTAGE OF BED MATERIAL IN SIZE FRACTION MODIO700
[o §) BED LOAD TRANSPORTs TONS/DAY MODIVTIO
C 6) PERCENTAGE OF SUSPENOED LOAD IN SIZE FRACTION MODIO0720
[ 7) SAMPLED TRANSPORT IN SIZg FRACTION MOD10730
C 8) MULTIPLIERS MOD10740
c 9} Z PRIME VALUES ) MODIOT750
c 10) A DOUBLE PRIME VALUES MODIOT760
C 11) GEOMEIRIC MEAN DIAMETER, IN FT MODIOTT0
c 12) J OWE PRIME MODI0780
c 13) J TWO PRIME . MODIO0790
C 14) J ONE DOUBLE PRIME MODI0800 i
C 18) J TWO DOUBLE PRIME MODI0B10 1
¢ 16) PRODUCT OF JS MOD 10820 ‘
C 17) 1 ONE DOUBLE PRIME MODI0830 !
c 18) I TWO DOUBLE PRIME MODI 0840
c 19) PRODUCT OF 1S .MOD10850 l
C 20) COMPUTED LOADs IN TONS/pAY MODI0860
c IF JOoUT=2 1S SELECTEDs MOST OF THE 20 COLUMNS WILL BE OMITTED MODIOBT70
c IN THE PRINTOUT, AND INSTEAD ONLY COLUMNS 144596 AND 20 WILL. MODIO880
c BE PRINTED. ADDITIONALLYs DRL(J) AND DRU{J) s LOWER AND UPPER  MODI0890
c LIMITS OF THE SIZE FRACTION RANGEs IN MMe wILL BE PRINTED TO  MODI0900 l
c THE LEFT OF THE S COLUMNS PREVIOUSLY MENTIONED. MODIOSL0
c . MOD10920
¢ 3) DATA ARRAYS, MODI0930
c IF JIN=ly THE PERCENT OF BEp MATERIAL IN SIZE FRACTIONS FB(10),MODI0940
c AND PERCENT OF SUSPENDED LOAD IN SIZE FRACTIONS FS(10) MOD10950
c SHOULD BE ENTEREDN IN FREE FQRMAT MOD10960
c IF JIN=2s FB(Y9) AND FS(9) SHOULD BE ENTERED IN FREE FORMAT MODI0970
c IF JIN=3sy THE RANGE OF COMPUTATIONAL SIZE FRACTIONS SHOULD BE MODI0980
c . SPECIFIED IN ADDITION TO THE PERCENTAGES FB AND FS. MODI0990 I
c IF THIS OPTION IS CHOSENs DRL(ND)s DRUIND)» FB(ND) AND FS(ND) - MODI1000
c SHOULD BE ENTERED IN FREE FORMAT MODIl010
c DRL (J) AND DRU(J) ARE THE LowER AND UPPER LIMITS OF THE SIZE  MODIl020
¢ FRACTION RANGEs IN MMy RESPECTIVELY. NOTE [HAT SIZE FRACTIONS MODI1030
c SHOULD BE ENTERED IN ORDER oF INCREASING SIZE. MODI1040
c . MODI1050 i
C MOD11060 |
COMMON /ALL/ DISCH s UAVE s DEPTH s  MODI1O70
1 W AREA s TEMP v XNU y  MODI10BO i .
2 D65 D35 s CONC + QSM s MODIL1O090
3 LN DS _ MODIL100
COMMON /ALLB/ D(11) s VS(11) s FB(10) s  MODIllloO
1 FS(10) XMULT(10) o JIN s JOUT s MODLIllZ20
2 ND NO1 s ND2 MOU11130
COMMON /ALLC/ QSP(10) s XIBGB(10) s FQL(10) MODI1140
COMMON /ALLD/ P y AP s APP(LU) s  MOOINlSO
1 ZP(10) - , MOO11160
COMMON /ALLE/ DRL(11) s DRU(11) ' MODI1170
COMMON /CEF/ CJ0(2) s €J1(2) s CJ2(2) s MODI1180
1 cJ3(2) cy(2) y C1(2) y C2(2) s+  MODI1190
2 c3t2) s C4(2) MODI1200
DIMENSION COL16(10) s COLLIT(10) s COL1B(10) s MODIl210
1 CoL19(10) CoLZ0(10) sy COL2L(10) s COL22(1D) s  MODIl220
2 coL23(10) PSI{10) s PHISH(10) MODI1230
COMMON /RUNSEQ/ L MODI1240 :
WRITE (69350) MODI1250
WRITE (64360) - MODI1260 .
PRINT 290 . S MODIL270
READ  #y NDATA ' ; MOOI1280
DO 280 L = 1sNDATA MoDlI1290
10Z = 0 MODI1300
MODI1310
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CALL INPUTZ - S Ceo e e e o - -MODTE320
l WRITE (69370) MODI1330
WRITE (64380) LeDISCHsUAVEsDEPTHoWsAREAYTEMP 3 XNUD65+D359CONC,QMODI1340
1 SMyDNs DS MODI1350
c MODI1360
c CALCULATING HYDRAULIC RADIUS#S| OPE RSy PERCENTAGE OF FLOW SAMPLED MODI1370
C PFSy AND SEDIMENT DISCHARGE THROUGH THE SAMPLED ZONE QSPT MOD113890
C MODI1390
CALL RSCOM (XsRS) MODI1400
CALL PLATES4 (X9PFSyXKS) MODIle10
l QSPT = QSM * PFS MODI1420
c MODTI1430 ‘
c CALCULATING PSI(J) MODI1440 r
(o MODI1450 g
00 110 J = lenD MODI1460 .
XPS] = 1,65 # D3S5/RS MODI1470 . 1
YPSI = 0.66 # D(J)/RS MODI1480 ;
XYPSI = XPSI =~ YPSI MODI1490 w
IF (AYPSI.LT.0) GU TO 109 MODI1500
I PSItJ) = XPS1 MODI15}10
G0 TU 110 MODIL1520
100 PSIty) = YPSI . MODI1530
110 CONTINUE MODI1540
C ' MODI1550
c CALCULATING BED LOAD DISCHARGE XIBQB(J) AND PERCENTAGE OF MODI1560
c SUSPENDED MATERIAL IN VARIOUS SIZE FRACTIONS QSP(J) MODIL1570
c MODI LS80
D0 120 J = 14ND . MOD11590
' XX = PSI(J) _MOD11600
CALL PLATES (XXsYY) MODI1610
PHISH(J) = YY MODI620
XIBQB(J) = 43.2 # W # 1200, # PHISH(J) /2. % D(J) & # 1,5 # MODIL630
1 FB(J) MODI1640
QSP(J) = FS(J) # QSPT MOD11650
120 CONT INUE MODI1660
c MODI1670
c CALCULATING Py APRIME APs AND A DOUBLE PRIME APP(J) MODI1680
c . MODI1690
NXKS = 3042 #* X #* DEPTH/XKS MODI1700
P = 2.303 # ALOG10(DXKS) MODIL1T710 1
AP = DN/DS MODILl720 ;
D0 130 J = 1sND » . MODI1T730 !
I APP(J) = 2 # D(J)/DEPTH MODILT740
130 CONTINUE MODI1750 :
CALL SDR (NyK) MODILT60
Nl = N + |} MODILT70
NK = N + K MODI1780
WRITE (6+300) MODI1790
o : . MODI1B00
c IF K 1S GREATER THAN 2y CONTROL BRANCHES TO STATEMENT 160 MODILNB10
c CALCULATING MULTIPLIERS XMULT(J) s AND ZPRIME ZP(J) MODI1820
' c MODI1830 :
IF (KeGT.2) GO TO 150 MODI1840 l
CALL MULCOM (KoNLyNK9KK) MOD11850
CALL ZPCOM (KKy1D2) MODI1860
1F (1DZ.EW.1l) GO TO 280 MODILNB70 |
DO 140 J = 1eND MODI1B80
ZP(J) = ZP{KK) # XMULT (J) . MOD11890
140 CONTINUE _ MODI1900
G0 TO 190 PR MODI1910
I c e . e MODI11920
c CALCULATING ZP AND VS ARRAYS To BE FED TO LEAST SQUARE SUBROUTINE MODI1930
o LSZPVS . MODI1940
(o : : MODIL1950
150 CONT INUE : . MOD11960
DU 160 J = N1sNK . MODI1970
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= IF (IDZ EQ.I) 60 TO 280
© CONTINUVE. . R ;
CIF (JOUT,. EQ 2) GO T0. 170
WRITE (6+310) )
. WRITE (64330)
C . WRITE (69340) (J,ZP(J 9V5(J)9J = NIQNK)
5 CONT INUE. o3 .
" CALL LSZPVS (NloNKoKyVSrZPonB)vE
LA = EXP(A) ot 5 .
00 180 U= 1sND°
XMULT(J) = 0, i
. A * vsu) * * g

'CALCULATING SEOTMENT LOAD BY usxne MODIFIED EINSTEINS INTEGRAL:,
( CHARTS 9510511 AND 12

CONTINUE ’

IF (JOUT.EQ.2) GO TO 210
IF (KelLTa3). GO TO 200 .
WRITE (64320).. s
CONTINUE :

IF (UOUT.EQR.2) GO TO 210
WRITE (6+330). : ’
WRITE (6+340) . (JvZP(J)vVS(J)OJ = 14ND).

CONTINUE .

TGL = 0

8L = 0

DO 250 I = 1leND
XM = APP(I)
M = 7P (D)
IF (FB(L) eLTe0e01eANDeFS (1) ,LT+0,01) GO TO 230
IF (FB(1).LT.0.01) GO TO 220
CALL POWER (ZM,y XM,COLZI(I);COLZ&(I).DUMlyDUMZ,o (3]
COL23(1) = P # COL2I(I) + cOoL22(I) + 1,
FQL(I) = XIBQB(I) * COoL23(I)

CoLle (1) = 0.
CoL17(I) = o,
CoLlB(l) = 0.
COL1S(1) = 0,
COL20(1) = 0,
GO TO 240

CONTINUE

CALL POWER (ZMyAPsDUML9DUM2+COLLI6(T) 9COLLIT(I)90.01)
CALL PUWER (ZMsXMgDUM3,DyM44COL1B(]) 9COL1IO(I)»0.01)

COLZ20(1) = (P # COLIB(I) + COLI9(I))/(P # COL1I6(I) + COL17(IMODI2440

))
FQL(I) = QSP(1) # COL20(1)

coL2i(1) = o.
CoL22(I) = 0.
coLa3(i) = o,
60 TU 240
CONTINUE

FOL (L) = 0.0
COL16(I) = 0,
COLYIT(I) = 0,
coLls(l) = o,
COL19(1) = 0.
coLeo(iy = o,
coLzliiy = 0.
coLz2z(1l) = 0.
CuL23(1) = 0,
CONTINUE

ToL = TQL + FQL(I)
TBL = TBL + XIBuB(I)

T - MODE1980-—F

MOD11990
MODI12000
MODI2010
MODI2020 -
MODI12030 -,
MODI2040 - - -
MODI2050 -
MODI12060 -
MODI2070 =
MOD12080 "
MODI2090
MODI2100
MODI2110
MODI2120
MODI2130
MODI2140 -
MODI2150 - -
MODI2160- -
MODI2170
MODI2180
MODI2190

. M00I12200

MODI2210

. MODI2220 . .

MODIZ2230
MODI2240
MODI2250
MODI2260
MODI2270
MODI2280
MOD12290
MODI2300
MODI2310
MOD12320
MODI2330
MODI 2340
MOD12350
MODI2360
MODI2370
MODI2380
MOD12390
MODI2400
MODI2410
MODI2420
MODI2430

MO0DI2450
MODI2460
MODTI2470
MODIZ2480
MOD12490
MODI2500
MODI2510
MODI2520
M0D12530
MODI2540
MODI2550
MOD12560
M0012570
MOD 12580
MODI2590
MODIZ2600
MODIZ2610
MOD]2620
MODI2630
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TBL = TBL + XxIsas(I) MODIZ2630

250 CCONTINYE — "=~ -~ o s e “MODI2640
TSL = TaL - T8L MODI12650
MODIZ2660

PRINTING OUTPUT MOD12670
MODIZ2680

WRITE (6+390) MOD12690

IF (JOUT.EQ.2) GO TO 260 MODI2700

WRITE (649400) MODIZ2710

WRITE (69410) (JsD(J)9PSI(N) 2PHISH(J) oFB(J) ¢ XIBAB(J) 9FS(J) +QSP(MODI2T720

1 JY e XMULT(U) s ZP (J) s APP(U) sJ = 1oND) MO012730
WRITE (09420) MODI2740

WRITE (69430) (JsD(J)2COLI6(J)9COLLT(J)sCOLIB(J)1COLLII(J)sCOL20MODIRTSO

1 (J)sCOL2L(J) 9COL22(U) s COL23(J) yFALIJ) 9J = MODI2760

GO TO 270 MOD12770

260 CONTINUE MODI2780
WRITE (09440) MODI2790

WRITE (6+450) (DRL(J)sDRU(J) 9D (J) 9FB(J) 9 XIBAB(J) sFS(J) +FQAL(J) s JMODI2B0O

1 = 1+ND) ‘MODIZ28B10
270 CONTINUE MO012820
WRITE (6+460) TBL.TSLsTQL MODIZ2830

280 CONTINUE MOD12840
MODIZ2850

FORMAT STATEMENTS MODI2860

: MODIZ2870

STOP MODI2880

MOD 12890

MODI2900

M0ODI2910

290 FORMAT (///9 33H START INPUT DATA IN FREE FORMATs//s 34H ENTER NUMODIZ2920
IMBER OF DATA SETS» NDATA=) MO012930
300 FURMAT (//910Xs75H CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY PMODI2940

1RINTING OQUT VALUES INVOLVEDs//) MODI2950
310 FURMAT (//910Xs41H ARRAYS ZP AND VS BREFORE LEAST SQUARE FITs/) MOD12960
320 FURMAT (//91UXs40H ARRAYS ZP AND VS AFTER LEAST SQUARE FITs/) MQD12970
330 FORMAT (//9+1UXs35H J 2P (J) VS (J)e/) MODIZ2980
340 FORMAT (10X911292F12.6) MOD12990
350 FURMAT (1H1) MODI3000

360 FORMAT (40X 70HCOMPUTATION OF TOTAL SEDIMENT LOAD 8Y THE MODIFIED MODI3010

1 EINSTEIN PROCEDURE///) MODI3020
370 FORMAT (32X+10HDATA INPUT//) MODI3030
380 FURMAT (10X94HSET +15s/10X934HWATER DISCHARGE s FMODI3040

112¢2913H CoaFeSe +/10Xs 34HAVERAGE VELOCITY +FMODI3050

212¢2913H FTe/SEC, 1/10X934HHYDRAULIC DEPTH s FMOD13060
31242413H FT. 1/10Xs34HWATER SURFACE w1DTH s FMODI3070
41242913H FT, 2/10Xs34HAREA s FMODI3080

012429 13H SQ.FT. 9/10X934HTEMPERATURE sFMODI3090

61242913H DEG+FAHREN. /10Xy 34HKINEMATIC VISCOSITY s FMODI3100

712e¢7913H SQeFTo/SECs 9/10X934Hp65 s FMOODI3110

Bldebyl3H FT. s /10X 4341035 . +FMODI3120

912469134 FT, 9 /10Xy 34HAVERAGE CONCENTRATION »FMODI3130

012424131 PPM. 0/ 10X 39HSAMPLED SUSPENDED LOAD +FMODI3140

l12e4y 131 TONS/DAY /10X 34HPORTIUN OF DEPTH NOT SAMPLED- s FMODI3150

212¢2+13H FT. 9 /10X 9 34HAVERAGE DEPTH Al SAMPLING s FMODI3160
312e2v4H FTW) MODI3170
390 FURMAT (/7/) MODI3180

400 FORMAT (S5X»1RJsl1lXe4HD(J) s TXeOHFST (J) 9SXKeBHPHISH(J) 9 TX9SHFB(J) 94XyMODI3190
18HXIBAB (J) 9 TX9BHFS(J) 26X 6HASP (J) 94Xy BHXMULT (J) s TX s SHZP (J) +5X9 6HAPMOD 13200
2PtJ) /) MODI3210

410 FORMAT (4X9I1294X9Fl2e69F12439F12.596F12:39F1246) MODI 3220

420 FORMAT (//5X31HJ911X94HO{J) s6X,8HCOLLE(J) 94X BHCOLLT(J) »4Xy8rHCOLIBMODI3230
1(J)94&;8HCUL19(J)y4X,8HC0LZO(J)’QXyBHLOLZI(J),4X78HC0L£2(J)y4!98HCM0013240

20L23(J) 14X99HCOMPLOAD/) MODI3250
430 FURMAT (4X91294X9F124698F1243eF12.4) " MOD13260
440 FORMAT (10Xs84H DRL (J) DRU (U} DN} Fa{J) MOD13270
1 X18Q8(J) FS(J) FQL (V) 9/) MOD13280
450 FURMAT (10X+6F12069F1243) MODI13290
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460 FORMAT (///+5X934HTOTAL BED LOAD - T e -y P LB Iy 9H TONSMODI 33005 l
1/DAY s /5X934HTOTAL SUSPENDED LOAD sF16.199H TONS/DAY»/MODI3310
25X934HTOTAL LOAD +F16.199H TONS/DAY) MODI3320
END MODI3330
SUBROUTINE INPUT] . MODI3340
¢ . MOD13350 l
c THIS SUBROUTINE READS IN THE BASIC VARIABLES OF THE PROBLEM MODI3360
c . : MODI3370
COMMON /ZALL/ : DISCH s UAVE s DEPTH »  MODI3380
1 W : s AREA s TEMP v XNU »  MODI3390
2 065 s D35 s CONC » QSM ’ MOD13400
3 DN s DS MODI3410
COMMON /RUNSEQ/ L s INOPTY ‘ } MODI3420 _
IF (LeEQ.l1) FRINT 130 M0ODI3430 ;
IF (L.EQ.1) READ  #, INOPT . MODI3440 ‘
IF (INOPT.EQ.l) GO TO 110 MOD13450
PRINT 140 ' ' M0OD13460
PRINT 150 _ MODI3470
READ  #, UAVE : MODI3480
PRINT 160 MODI13490 '
READ  #y DEPTH MOD13500
PRINT 170 _ MODI3510
READ  #y W MODI3520
PRINT 180 ' MOD13530 l
READ  #, TEMP MOD13540
PRINT 190 : : MODI3550
READ  #, XNU MODI3560
PRINT 200 MODI3570 l
READ  +#, D65 ‘ MOD13580
PRINT 210 ' MOD13590
READ  *#, D35 MO013600
PRINT 220 MODI3610
READ #4 CONC : MOD13620 l
PRINT 230 : MOD13630
READ  #, DN MOD13640
PRINT 240 MODI3650
READ  #, US MODI3660
100 CONTINUE - MOD13670
c ’ . MODI3680
c CALCULATE AREA(SQ.FT)sDISCHARGE(CFS) AND SAMPLED SUSPENDED LOAD(T/MODI3690
C . MODI3700
AREA = DEPTH # w MODI3710 l
DISCH = AREA # UAVE MODI3720
QSM = (43,2 # 6244 % 1E = 6) % DISCH # CONC MODI3730
RETURN - MODI3740
110 CONTINUE ‘ MODI3750 :
PRINT 250 MOD1I3760 I
READ  #y UAVEsDEPTHyWsTEMP9XNyUsD659D359CONCsDNoDS MODI3770 |
If (D65.LE.D3%) GO 10 120 MODI3780 i
GO TO 100 _ MO013790 ;
120 WRITE (64260) D65,D35 MODI3800 : l
READ %5 UAVESDEPTHsWsTEMP9XNUSID659D359CONCDONsDS MODI3810
G0 TO 100 MOD13820
c MODI3830
c MODI3840
P . : M0013850 l
130 FORMAT ( S0H ENTER INOPT=1 TO READ IN ALL THE MAJOR VARIABLESs 15MODI3860
1H IN ONE STRINGss/s 39H OTHERWISE INPUT DATA ONE BY ONE) MOD13870
140 FURMAT (////y 44H ENTER FOLLOWING INPUT DATA (10 VARIABLES):s/) MODI3B80
150 FURMAT ( 32H AVERAGE VELOCITY IN FPS, UAVE=) , MODI3890
160 FORMAT ( 32H HYDRAULIC DEPTH IN FTas DEPTA=) MODI3900 l
170 FORMAT ( 32H WATER SURFACE WIDTH IN FTes W=) MOD13910
180 FURMAT ( 36H TEMPERATURE IN DEG. FARENH.y TEMP=z) MOD13920
190 FURMAT ( 42H KINEMATIC VISCOSITY IN SQsFTe/SECes XNU=) MODI13930
200 FURMAT ( 13H D65 IN FT,.=) MODI3940 l
210 FORMAT ( 13H D35 IN FT.=) MOD 13950
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I 220 FORMAT ( 47H AVERAGE CONCENTRATION IN PPM 8Y WEIGHTs CONC=)————— MOD13960
230 FORMAT ( 41H PORTION OF DEPTH NOT SAMPLED IN FT. DN=) M0D13970
240 FORMAT ( 39H AVERAGE DEPTH OF SAMPLING IN FT.s DS=) MO013980
250 FORMAT ( S4H ENTER FOLLOWING INPUT DATA (10 VARIABLES) IN ENGLISHMODI3990
1l TH UNITSte/s 42H UAVE?DEP?HoWQTEMPyVISCO.906590359CONC.(9 20HM0014000
2PPM BY WEIGHT) ¢+DNyDS) MODI4010
260 FORMAT (/¢5Xs 29HCHECK YOUR INPUT DATA IF D65=sF10.69 15K FTe oGTMOO}QOZO
l1e D35=4F10.69 4H FTes/95Xs 31HENTER DATA IN THIS STRING AGAINe/) MODI4030
END - MODI4040
I SUBROUTINE INPUTZ2 MODI4050
(o MOD14060
C THIS SUBROUTINE READS IN ADDITIONAL INPUT AND FINDS THE VALUE OF MODI4&OTO
C NDs THE NUMBER OF SIZE FRACTIONS TO BE USED IN THE COMPUTATION MO0 14080
[of MOD14090
COMMON /ALL/ DISCH + UAVE s DEPTH ’ MODI4100
1 W s AREA sy TEMP s XNU ’ MODI4110
2 D65 s D35 » CONC s QSM . MODI4120
3 DN s DS MOD14130
| COMMON - ZALLB/ D(11) s VS(11) ¢ FB(10) ) MODI4l40
1 FS(10) s XMULTI(10) s JIN s JOUT ’ MODI4150
Z ND s NDI1 s NDZ MODI4160
COMMON /ALLE/ DRL(11) s DRU(1L) MOOI4170
CUMMON /RUNSEQ/ L MODI4180
l IF (LeGEos2) GO TO 220 ’ M0DI4190
ORL(Y) = L0002 MODI4200
. DRL(Z2) = 40196 MOD14210
DRL(3) = 002 } MODI4220
I DRL{4) = ,0625 N MODI4230
DRL(S) = L1¢5 MODI4240
DRL(6) = 425 MODI4250
DRL(T7) = 5 . : MODI4260
DRL(B) = 1. . MODI42T70
DKL (9} = 2. MODI4280
DRL(10) = 4, MOD14290
DrL (1)) = d. MODI4300
DRU(L) = L0196 MODI4310
DRU(2) = L0625 . MODI&4320
l DRU(3) = U625 . MODI4330
DRU(4) = 4125 . MODI4340
DRU(S) = .25 MODI4350 :
DRU(6) = 45 - MODI4360 K
ORUL(T) = 1, - MODI4370 ‘
DRU(8) = 2, MODI4380 t
DRU(9) = 4, M0OD14390 :
DRU(LI0) = 8, MODI4400
DRU{]1]) = 16, MODI4410
100 CUNTINUE MODI4420
PRINT 230" ) MODT 4430 i
PRINT 240 . . MODI4440 !
DO 110 U = 1911 ' M0OD14450 "
l IF (JeLEe2) PRINT 2509 DRL (J) +DRU(Y) MOD14460 i
IF (Je.EQe3) PRINT 2609 DRLI{Y)+DRU(J) MOD144T70 l
IF (JeGTe3) PRINT 2509 DRL (J) ¢DRUJ) sDRL (J) 9 DRU(Y) MODI4480 ’
110 CONTINUE MODI4490
PRINT 270 MODI4500
READ #y9 JIN MODI4S510
PRINT 280 MODI4520
READ  #y JOUT  MODI4530
IF (JINGJEQ.3) GO TO 180 MODI14540
l DO 120 J = 1s11 [ MODI4550
D(J) = (DRLI(J) # DRU(J)) = # 0,5/304.8 R MOD14S60
VS(J) = ((2+4/3s # 32417 ® 1,65 # D(JY) #* = 3, ¢+ 36, # XNU & & MODI45T0
1 2e) # 8 (0,5 = 6. ®* XNU)/D(Y) MODI4580
120 CUNTINUE . ’ . MOD14590
NOL = 10 N MODI4600
NUE 3 9 . MODI4610
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s 1P AJINGEQe2) GO TO 140 e s e : . MODT4620——
DU 130 J = 3+ND1 MODI4630 l
D(J) = D(J + 1) MODI4640 -
VS(J) = VS(J + 1) : MODI4650 -
130 CUNTINUE MODI4660 !
NU = ND1 o v MODI4670
GU TO 160 MOD14680 l
140 DO 150 J = 19ND2 MOD14690
D(J) = D(J + 2) MOD14700
VS{J) = VS(J + 2) MOD14710
150 CUNTINUE M0ODI4720 I
NO = ND2 - MOD14730
160 CUNTINUE : MODI4740 \
g PRINT 2905 NO : : MOD14750 - |
DU 170 J = 1sND MODI4760 !
PRINT 300y JsJ MODI4770 l
READ  #y FB(U)sFS(Y) MODI4780 |
170 CUNTINUE MOD14790
60 TO 210 ' - MODI4BOO
180 CUNTINUE ) MODI4810
PRINT 310 . MOD14820
READ  #, ND ' MODI4830
PRINT 320 MOD14840
DO 190 J = 1sND MOD14850
PRINT 330 Jsdedord _ : MODI4860
READ  #s DRL (J) sDRUJ) sFB(JY) sFS{J) MODI&4870
190 CUNTINUE ‘ MOD14880
: DO 200 U = 1sND » MOD14890
D(J) = (DRU(J) # DRL(JI) # # 0,5/304.8 MODI4900
VS(J) = ((2.4/3. % 32,17 % 1,65 # D(J) # # 3, + 36, * ANU # # MO0I4910 '
1 24) % # 0,5 = 64 # XNUY/ZD(W) ‘ MODI4920
200 COWTINUE ] MOD14930
210 CONTINUE : MOD14940
oLDD6S = D65 MODI4950
oLLD3S = D35 MODI4960
RETURN , MODI4970
220 CUNTINUE : MODI4980
IF (OLDD65.NE+D65,0R,0LDD35.NE,D35) GO TO 100 MODI4990
PRINT 340 - ' MODIS000 l
READ  #, IFSDATA MODIS010
IF (IFSDATA.EQ.1) RETURN MODIS020 @
PRINT 350, ND MODIS030 j
READ  ®#s (FS(J)ed = 1enND) _ , MGDIS040 1
RETURN . MODIS5050 !
C MODI5060 §
c MODIS070 ‘
c » MODIS080
230 FORMAT(//33H SEDIMENT SIZE DATA INPUT OPTION/s41H JIN=1 FOR MODIS090 i .
. 110 DEFINED SIZE FRACTIONSs/s 41H JIN=2 FOR - 9 DEFINED SIZE FRMODIS100 |
o 2ACLONSs/s 4SH JIN=3 USER PROVIDES SIZE FRACTIONS AND DATAs/) MODIS110 i
240 FORMAT (/11Xs 11H JIN=1,18%s  SHJUIN=2,/10Xs2( 17H  DRL MODIS120 |
PR 1 DRU 9BX)s/10X921( 184 (LOWER) (UPPER) s 7X) ) MOD15130
250 FORMAT (Y0Xe2(FT7s4s .30 = 4FTene8X)) MODIS140
260 FURMAT (35X9FTeb4y 3H = +F7.4) MODIS150 '
270 FORMAT ( 12H ENTER JIN=) MODIS160 I
280 FORMAT ( 41H OUTPUT OPTION: JouT=1l FOR FULL PRINTOUT./s 52H MODIS170 ;
1 =2 FOR THE INPUT PARAMETERS ANDs 17H THE RESULTS ONMODIS5180 '
2UYs/y 18H ENTER JOUT=) MODIS190 l
290 FURMAT ( 30H NUMBER OF SIZE FRACTIONS ND=,15,//y 52H ENTER THE SMOD15200
11ZE FRACTIONS OF BED MATERIAL FE( ) ANDs/» 53H MODIS210
2 SUSP. MATe FS( ) AS o/ 21H AS FOLLOWING?) MODI5220
300 FORMAT ( 12H ENTER FB(s12, 8H ) FS(sl2s 2H ) MODI5230 '
310 FURMAT ( 40H ENTER THE NUMBER OF SI1ZE FRACTIONS ND=) MODIS5240
320 FORMAT (12Xs 69HLOWER LIMIT  UFPER LIMIT FRAC. OF BED AND SUSP,)MODI5250
330 FORMAT ( 17H ENTER ORL{yIce 11H ) DRUC9I2y 10H ) MODI5260
IFBGs 12y 10H ) FS(sI2¢ 2H )) MODIS270 l
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340 FUKMAT (/9 49H  ThE BED MATERIAL DISTRIBUTION IS THE SAME AS -INy 1MODIS280
‘ I1SH THE FIRST SETes//s 52H ENTER IFSODATA=1 IF SIZE FRACTIONS OF THMODIS290
2E SUSPENDEDy 39H LOAD ARE THE SAME AS IN THE FIRST SETss/s 31H MODIS5300

3 OTHERWISE READ IN FS( )) MODI5310
' 350 FORMAT ( 1dH ENTER FS(J)sJ=l9,13s 2H }) MODI5320
END MODI5330
SUBROUTINE RSCOM (X+RS) MODIS340
c MODIS5350
¢ THIS SUBROUTINE COMPUTES THE VALUE OF RS BY ITERATION MOD 15360
c MODI5370
l COMMON /ALL/ DISCH » UAVE s DEPTH ’ MODIS380
1 W s+ AREA y TEMP s+ XNU ’ MOD15390
2 D635 s D35S s CONC r QSM ’ MODIS400
3 DN s DS MODIS410
X = 1.6 MOD15420
TOL = 0.001 . MODJI5430
XKS = D65 MODIS440
100 XUKS = 12,27 # X # DEPTH/XKS © MODIS450
SHRS = UAVE/(32.63 * ALOG10(XDKS)) MODI5460
USHP = SRRS # 5,68 ' MODIS470
DEL = 11.6 # XNU/USHP MODIS480
DELKS = XKS/DEL , MODI5490
CALL PLATE3 (DELKSsX2) ' MODISS00
I DELX = X = X2 : , MOD15510
IF (ABS(DELX)+LT.TOL) 6O YO 110 MODIS5520
X = X2 MOD15530
GO TO 100 MODIS540
110 CONTINUE : MODIS550
' XDKS = 12,27 # X # DEPTH/XKS - MODI%560
SRRS = YAVE/ (32,63 * ALUG10(XDKS)) " MODISSTO
RS = SRRS # SRRS MODI5580
RETURN , MODIS590
I c MODIS600
END MODI5610
: SUBROUTINE PLATE4 (XePFSeXKS) MOD15620
c MODI5630
c THIS SUBROUTINE SUBSTITUTES PLATE FOUR FOR THE ANALYTICAL MOD15640
c EXPRESSION OF PFS . MOD1I5650
c MODI5660
COMMON /ALL/ DISCH s UAVE . s DEPTH N MODIS670
1 w s AREA s TEMP s XNU ’ MODIS680
' 2 D6S s D35 s CONC s QSM ’ MOD15690
3 DN s DS MODIST00
XKS = p6S MODIST10
A = 30,2 # X/XKS MODIST720
YUS = DS # ALOG(A # DS) - DS MODIST730 ;
YUN = DN # ALOG(A # DN) - DN MODIST740 |
PFS = (YBS = YDN)/YDS MODIST750
RETURN , , MODIS5760 |
c ' MODIST70
l END MOD1I5780
SUBROUTINE SUR (NeK) MODIST790
C : MODISB800
c THIS SUBROUTINE COUNTS THE NUMBER OF SIZE FRACTIONS K FOR WHICH  MODISB10
o THERE IS BOTH BED AND SUSPENDED DISCHARGEs AND THE NUMBER OF SIZE MODISB820
(o FRACTIONS N SMALLER THAN FIRST K. MODISB30
c MODISB40
COMMON /ALLB/ D(1) s VS(11) s FB(10) s MODISHS50
1 FS(10) Cy XMULT(10) s JIN s JOUT ’ MODIS860
2 ND . T 3 .NDL s NU2 MODISBTO
I J =0 ) S MODI5880
K =0 y N - MODI5890
N =0 - ' o MODIS900 |
100 CUNTINUE L MODIS5910
IF (FB(J + 1).6Te0,00.AND.FS(J + 1)46T.0.00) GO TO 120 MODIS920
IF (KeWEWO) GO TO 110 ) MODIS930
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NE N T T T T R “TUMOD159407
110 J = J ¢ 1 v MOD15950
IF (J.EQ.ND) RETURN MOD15960
GO TO 100 : , MOD15970
120 CONTINUE : MOD15980
K=K+l MODIS5990 |
J=Jd o+l MODI600O | l
IF (JeEWND) RETURN MODIG6010 |
GO TO 100 - MOD16020 |
c MODI6030 |
END MODI6040 |
: SUBROUTINE LSZPVS (N1sNKsKsXsY,AsB) MOD16050
C. : MOD16060
c THIS SUBROUTINE CALCULATES A LEAST SQUARE FIT FOR ZPRIME ZP(K) ANDMODI6070
c VSH{K) : MODI60B0
C MODI6090 |
OIMENSION X(11) s Y(10) MOD16100 I
SUMX = 0, : B MODI6110
SUMY = 0. MODI6120
SUMXY = 0, , MODI6130
SUMX2 = 0. ' MODI6140 l
B0 100 J = N1yNK MOD16150
XL = ALOGI(X(J)) MOD16160
SUMX = SUMX + XL MOD16170
YL = ALOG(Y(J)) MOD16180
SUMY = SUMY + YL : MOD16190 l
XY = XL * YL MODI6200
SUMXY = SUMXY + XY MOD16210
X2 = XL * XL MODI6220
SUMX2 = SUMX2 + X2 MOD16230 l
100 CONTINUE ) MODI6240
XMEAN = SUMX/K MOD16250
YMEAN = SUMY/K MO0O 16260
B = (SUMXY = SUMX # SUMY/K)/(SyUMX2 = SUMX # SUMX/K) MODI6270
A = YMEAN = B # XMEAN MOD16280
RETURN MOD16290
c MODI6300
END MODI6310
SUBROUTINE MULCOM {Kg¢N1aNKeKK) MOD16320 l
c - MODI16330
c THIS SUBROUTINE CALCULATES THE MULTIPLIERS XMULT(J) MODI6340 |
c MODI6350 |
COMMON /ALLB/ D11 s VSI(1D) s FB(10) »  MODIG360 !
1 FS{10) s XMULT(10) s JIN s JOUT ’ MODI6370 |
2 ND s ND1 s ND2 MoD16380 !
DIMENSION SBS(9) MOD16390
IF (K.EQ.0) GO TO 150 . v MOD16400
IF (K.EQe2) GO TO 100 MODI6410
KK = N1 ' MOD16420 l
GO YO 130 MODI6430 |
100 CUNTINUE : MOD16440 ’
DU 110 J = N1leiNK MODI6450
SB5(J) = FB(J) + FS(J) MODI6460 I
110 CONTINUE MOD16470
IF (SBS(N1) «GT«SBSINK)) GO TO 120 MOD16480 |
KK = NK - MODI6490 |
GO TO 130 MODI6500
120 KK = N1 MOD16510 I
130 CONTINUE MOD16520
DU 140 J = 1sND MOD16530
AMULT(J) = (VS(UI/VS(KK)) & # 0,7 MOD16540
140 CUNTINUE - MODI6550 '
GO TO 160 MODI6560
150 WRITE (64170} . MOD16570
160 CONTINUE MOD16580
RETURN MODI6590 '
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l - e ) T rdp E6oe !
c MODI6610 '
C MOD16620 :
170 FORMAT (10Xy97THBECAUSE NO SIZE FRACTION CONTAINS BOTH BED AND SUSPMODI6630 i
1ENDED DISCHARGEs THE COMPUTATIQMS ARE ABORTED.) MOD16640 ‘
END MOD 16650
l SUBROUTINE PLATES (XsY) MODI6660
c MODI66T0
c THIS SUBROUTINE APPROXIMATES P ATE 8 BY A LINE IN LOG=LOG PAPER  MODI6680
c MODI6690 !
l Y = = 0,433 # ALOGlO(X) + 1,08 MODI6700 |
RETURN MODI6T10
c MOD16720
END MOD16730
SUBROUTINE ZPCOM (Js1DZ) MODI6740
c MODI6750
c THIS SUBROUTINE COMPUTES ZPRIMg 2P BY ITERATION MODI6760
c FIRSTy ATRIAL VALUE OF ZP IS CALCULATEDs AND [HENs WITH ANOTHER - MODI6770
c TRIALy A LINEAR INTERPOLATION IS MAUDE, CONVERGENCE IS VERY FAST. MODI6T80
l c MODI6790
COMMON /ZALLB/ D(11) s VSIID) v FB(10) s  MODI6BOO
1 FS(1u) » XMULT(10) 5 JIN » JOUT s  MODIeB10
2 ND s NDI s ND2 MOD16820
COMMON /ALLC/ QSP(10) y XIBGB(10) s FQL(10) MOD16830
l COMMON /aLLD/ P y AP » APP(10) s  MODI6B4O
1 7P (1v) MODI16850
XM = APP(J)) MOD16860
RQSP = QSP(J) /X180B(J} . M0D16870
l IF (RQSP.LT,.1873.) GO TO 100 . MODI6880
1wz =1 ‘ : MOD16890
WRITE (65150) MOD16900
RETURN : MODI6910
l 100 CALL PLATEB (RQSP,ZTRY) : MODI6920
STEP = 0.01 MODI6930
WRITE (65160) MOD16940
KOUNT = 0 M0D16950
110 CONTINUE ' MOD16960
KOUNT = KOUNT + 1 MODI6970 ;
IF (KOUNT.GT.10) GO TO 130 . MODI16980
CALL POWER (ZTRYsXMeXI1PPyDUML,XJLPPyDUM290401) MOD16990 j
CALL POWER (ZTRYyAPsOUM3sDUMAsXJ1P»XJ2P+04+01) MODI7000
CRASP = XILPP/XJIPP #* (P # XJlp + XJeP) MODIT010 ]
' OCRQ = CRQSP = RQSP MOD17020 |
IF (JOUT.EW,2) GO TO 120 MODIT030 5
WRITE (69180) KOUNTsZTRYsRQSPsCRQSPsDCRO MODIT040
120 CONTINUE MODIT050
TUL = 0.01 # RQSP MOD17060
IF (ABS(DCRG) +LT.TOL) GO TO 149 MODIT7070
IF (CRUSP.LT.RQSP) ZTRY1 = ZTRy - STEP MODITOB0
IF (CRASP.GT.RQSP) ZTRY1 = 2ZTRy + STEP ' MODI7090
CALL POWER (ZTRY19XMyXI1PPsDUM] s XJ1PP4DUM2s04.01) MODIT100
I CALL POWER (ZTRYLlsAP,DUM3sDUMS ,XU1PsXJ2P»0.01) MODIT110
CRUSPL = XI1PP/XJIPP # (P # XJ1P + AJ2P) MODIT120
TEMP = (RQSP = CRQSP) # STEP/(CRQSP1l - CRQSP) MODIT7130
IF (CRASP.LT.RQSP) ZLTRY = ZTRY = TEMP MODIT140
| IF (CRQSP.GT+RESP) ZTRY = ZTRY ¢+ TEMP MODIT150
| GU TO 110 MOLIT160
| 130 CUNTINUE MODIT170
| WRITE (6+170) : . MOD17180
| 140 CUNTINUE e MODIT190
‘ l ZP(J) = ZTRY T e MODITZ200
| RETURN ' : R Mopl721l0
§ c ) o - . A : MOV17220
| c MODIT7230
| c MOD17240
| ... 150 FORMAT (///+10X98BHRGSP OUT OF PERMISSIBLE RANGE IN THIS SET OF DAMODI7250
|
|
1
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FORMAT (//320XsSHITER.»5XeSHZTRY »6Xs4HRASP8X ¢ SHCRASP» TX 9 4HDCRQ) MODIT270

FORMAT (/10Xs76HZPCOM DOES NOT CONVERGE WITH 10 ITERATIONS’

1ALUE OF ZP(J) WILL BE USEDs/).
FORMAT (/10Xs11294F12.5)
END

i SUBROUTINE PLATE3 (X,Y) .

THIS SUBROUTINE APPROXIMATES PL

IF (XeLE.0440) GO TO 100

GV TO 110

Y = 1le769 # ALOGLO(X/0,080)

GO TO 260

IF (XeGTe0440eANDeXeLELU56) GO
GU 7O 130

Y = 14495 # ALOGL1O(X/0,059)

60 TO 260

IF (XeGTe0e50eANDsXoLE 0-76) 60
GO TO 150

Y = 0.92 # ALOGL1O(X/0.0145)

GO TO 260

IF (K.GT.0.76-AND.X.LE.0.96) GO
G0 TO 170

ATE

T0

T0

Y = 04292 * ALOGLO(X/2.9E = 06)

GO TO 260

IF (XeGTe0e96eANDXelLEala35) GO
60 70 190

Y = 0,277 # ALOG10(632000.0/X)
GO 10 260

IF (XeGTele35eANDXelLEZ3.00) [¢74]
GO 10 210

Y = lell5 % ALOGL0(34.4/X)

GO T0O 260

IF (XeGTe3s00sANDXeLE+4400) GO
GO TO 230

Y = 0,725 # ALOGl0{(128,0/X)

GO TO 260

IF (XeGTe4e00sANDXeLEZ6470) GO
GO TO 250

Y = 04399 # ALOG10(2160.0/X)
GV TO 260

IF (XeGT46470) Y = 1,0
RETURN

END

SUBROUTINE PLATES (XeY)

T0

0

10

3 BY A SERIES OF EQUATIONS. - .

120

140

160

180

200

220

240

THIS SUBROUTINE APPROXIMATES PLATE S BY A SERIES OF EQUATIONS

IF (XelToee4) Y = 8,106078 # X @
IF (XeLEelssANDoXoGE,e4) Y
IF (XelLTe2seANDeXeGTolae) Y
IF (XeLE+3esANDeX GEL24) Y
IF (XolTe5aeANDXGT34) Y
IF (XelEeTeeANDeXoGELSe) Y

LU0 VI I 1}

IF (XelLEo13eeANDeXeGEL104) Y
IF (XelLTel7aeANDaXeGTo13e) Y
IF (XOLE.ZOQQANDOXQGE.17.) Y
IF (XeLTe230eANDaXeGTo20e) Y =

RETURN

EnD

# (= 0.989002)

T.473464 % X # # ( = 1,067367)
7.512081 # X #® # ( - 1,182832)
9.,151968 # x # & ( = 1,472483)

16025332 # X # @

41421873 % X # &
IF (XabLTelUeeANDeXeGTaTe) Y = 13042209 & X & &
584,560594 # X #

( = 1.972806)
( = 2,578713)
( = 3.165102)
* ( -~ 3,818249)

3543.989886 # X # . # ( = 4,522935)
1690645,945 ¢ X # & ( = 6.,703904)
5188257832+ # X ® # ( = 9,381815)
IF (XaGEe234) Y = 3.134987996E15 # X #

# { = 13.597547)

LAST yMOD17280.
MODIT290
MODI7300 -

e MOD T T 260

MODIT7310

MODIT7320 -
MOOIT330: "

MODI7340" -

MODTI 7350

MODIT7360
MOD17370
MODIT7380
MOD17390
MODI7400
MODI7410
MOD17420
MOD17430
MODIT7440
MODI7450
MODI7460
MOO17470
MODI7480
MOD17490
MODI7500
MODIT510
MOD17520
MOD17530
MODIT7540
MODIT7550
MODIT7560
MODIT7570
MOO17580
MODI7590
MOD17600
MODI7610
MODIT7620
MODI7630
MOD17640
MOD17650
MODI7660
MODIT670
MODIT7680
MODI7690
MODIT700
MOD17710
MOD17720
MODI7730
MOD17740
MOD17750
MOD17760
MODITT770
MODI7780
MODI7790
MODI7800
MODI7810
MOD17820
MODIT7630
MOD17840
MOD1 7850
MOUITB6O
MOD17870
MODIT7B80
MO0 17890
MOD17900
MODIT910
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T SUBROUTINE POWER™ (ZsAsXI19eXI29XJ1leXJ29CONV)

100

110

120
130

140

150

THIS SUBROUTINE EVALUATES I1 I2 Jl AND J2 INTEGRALS
NOTATIONS

Xil = VALUE OF Il INTEGRAL
Xie = VALUE OF 12 INTEGRAL
XJ1l = VALUE OF Jl INTEGRAL
XJ2 = VaLUE OF J2 INTEGRAL

N = QRDER OF APPROXIMATION + 1
CONV = CONVERGENCE CRITERION

N =]
FACT = 04216 # A & # (Z = 1,4)/(1s = A) ® & 7

Kll = Oa

Xl2 = 0.

XJl = 0,

XJ2 = 0,

ALG = ALOG(A)
C = 1.

D= =12
E=D+ 1,
FN = 1,

AEX = A # # E
GO TO 110

N =N+

C =C % D/FN
D = £

E =D + 1.

FN = FLOAT(N)

AEX = A # @ E

IF (ABS(E)eLE.0.001) GO TO 120
XJl = XJ1 + C # (1. = AEX)/E

XJ2 = XJ2 ¢+ C % ((AEX =~ lo)/E & # 2 =« AEX # ALG/E) "

GO TO 130

XJl = XJ1 =~ C * ALG

XJ2 = XJ2 = 0,5 # C % ALG » & 2

IF (N.EQa.l) GO TO 140

CJl = ABS(1l. = FJ1/xJ1)

CJ2 = ABS(l. = FJy2/x42) ) ’
IF (CJl.LECONV.ANDsCJU2.,LELCONY) GO TO 150
Ful = XJ1

FJ2 = xJ2

GO TO 100

XLl = FACT # XJ1

Xl2 = FACT # xJ2

RETURN

END

MODIT7920 ~

MODIT7930
MODIT7940
MO0DI7950
MODI7960
MODIT7970
MO017980
MO017990
MOOI8C000
MODI8010
MODIB020
MOD18030
MODIBO40O
MODIBOS0
MOOIB060
MODIBOTO
MoDisoso

- MOD18090

MO0I8100
MODI8110
Moplslao
MODIB130
MO0I8140
MODI8150
MODIBl60
MODIB170
M00I8lBo
MOD18190
MODIB200

- MODIB2LIO0

MODIB220
MODIB230
MODIB240
MO0 18250
MODIB260
MoDIB270
MoD18280
MODI18290
MODI8300
MO018310
MODI8320
MODIB330
MODI8340
MODIB350
MOD18B360
MOD1I8370
MOD18380
MOD18390







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—Petef, 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.

Sentilirk, Sediment Transport Techmology, 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:




_ 8w
> oy

where W 1s the stream width, p 1is the density of the water (y/g),

R
Q = (t -t

Y; is the specific weight of submerged sediment, T is the tractive
force on the bed, and Tc is the critical shear stress.

Range of Quantities: Unlimited

Accuracy: N/A

Dimension System: English except sediment size is read in mm then

converte& to ft.

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.

EQUIPMENT DETAILS: The program was developed oﬁ a CDC Cyber 172 but
can operate on any compatible system. No special computer equipment
is requifed. Normal configuration of CPU, reader and printer are
required to run the program in batch mode.

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
of water (ftz/sec).

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.




PART I: ENGINEERING DESCRIPTION

PROGRAM NO.:

TITLE: MPM

REVISION LOG: N/A

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 Tramsport,"
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.

¢) Simomns, D. B., and F. Sentﬁrk, Sediment Transport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.
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 viscbsity of water (SNU), ft2/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




c)

d)

e)

)

g)

in a do loop from 1 to the number of data sets in the following
manner:
Compute the shear stress, T
T = /gDS
Compute the critical shear, Te

T = 0.047 yv' DM
c s

If T - T, is less than zero, the bed-load is set to zero; if
not, Meyer-Peter, Muller's'equation is used.

Calculate bed-load transport rate in lbs/ft3

_ 1.5
Q = VEWV (t TC)
1
p YS
and convert from 1b/ft3 to T/D

Q = 43.2 Q

Print input data and output of results.

6. ACCURACY: N/A
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PART 1I: COMPUTER FUNCTIONAL DESCRIPTION

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 is
required to run the program in batch mode.

INPUT REQUIREMENTIS: The program is written for either the time share

or batch processing mode. The source listing in Fig. 2 is for the
batch mode. Fig. 3 is the interactive mode listing. Input requirements
are given below. For the time share mode the user is prompted for input
values.

SECONDARY STORAGE INPUT FORMAT: None

INPUT DATA DESCRIPTION:

NAME DESCRIPTION FORMAT

NDATA Number of data sets I5 Card 1

\ Mean velocity, ft/sec F10.2

D Hydraulic depth, ft F10.2

W Stream width, ft F10.2 Card 2, 3,
DM Median particle diameter, mm F10.3 »-+> NDATA
S Energy slope, ft/ft F10.7

SNU Kinematic viscosity, ftz/sec E10.3

SUMMARY OF REQUIRED CARDS: (See 6)

OUTPUTS: Printed output generated by the program includes the given
input data and the bed-load tramsport rate in tons/day.

OPERATOR INSTRUCTIONS: None

PROGRAM ERROR MESSAGES: None. Program stops would result from

improper input data.
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12.

VARTIABLE DEFINITIONS:

D

DM -

NDATA

TAU -
TCR -
v -
W -

EXAMPLE

Hydraulic depth, ft

Median sediment size, mm

Number of data sets

Bed-load transport rate, tons/day
Density of water, slugs/ft3
Energy slope, ft/ft

Kinematic viscosity, ftz/sec

(TAU - TCR), le/ft2

Shear stress on the bed, lbs/ft2
Critical shear stress, 1bs/ft2
Mean velocity, ft/sec

Stream width, ft

CASE:

a) Batch mode

COMPUTATION OF TOTAL SEDIMENT DISCHARGE
BY MEYER-FETER ANDN MULLERS METHOD

SET 1

MEAN VELOCITY 6463 FT/SEC
HYDRAULIC DEFTH 2.30 FT

STREAM WIDTH ) 170,00 FT

MEDIAN SENIMENT DIAMETER 490 MM

ENERGY SLOFE L0010500 FT/FT
KINEMATIC VISCOSITY +106E-04 FTE%2/SEC
BED MATERIAL DISCHARGE = 23+ TONG/DAY

17,037 CF SECONDS EXECUTION TIME




b)

7

7

-

13. JOB

Interactive mode

COMFUTATION OF TOTAL SEDIMENT DISCHARGE
BY MEYER-FETER AND MULLERS METHOD

START INFUT DATA IN FREE FORMAT

ENTER THE NUMBER OF SETS OF INFUT DATA
71

ENTER THE FOLLOWING HYDRAULIC DATAS

AVERAGE VELOCITY IN FEET FPER SECOND

6.63

HYDRAULIC DEFPTH IN FEET
2'5

STREAM WIDTH IN FEET

170.

ENERGY SLOFE IN FEET/FEET
00105

KINEMATIC VISCOSITY IN SQ.FT./SEC.

+0000106

MEDIAN RED MATERIAL SIZE IN MM

+ 4935

SET 1

MEAN VELOCITY

HYDBRAULIC DEFTH

STREAM WIDTH

MEDIAN SEDIMENT DIAMETER
ENERGY SLOFE

KINEMATIC VISCOSITY

BED MATERIAL LISCHARGE =

.064 CP SECONDS EXECUTION

PROCESSING TIME:

To compile: 0.6 cpu sec

65463
2.50
170.00

+ 495
+0010500
+106E-Q4

FT/SEC

FT

FT

M

FT/FT
FT%¥2/SEC

23, TONS/DAY

TIME

To execute: 0.04 cpu sec (batch)

0.062 cpu sec (interactive)




ey )

Read NDATA
= f[ l. : Y
O from L to .
NDATA Read Hydraulic Data

Y
Compute shear
stress on bed, TAU

Y
Compute critical
shear; TCR

YES

Y

is less than

|

Set transport
to 0.0

Compute transport rate
using Meyer-Peter,
Muller's equation

2
-

Print output

end

Figure 1. Flow chart of Program MPM.
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' PROGRAM mMPM MPpM 0010
1 UINPUTOUTPUT) ) . MPM (020
c : MPM 0030
c DEVELOPED MPM 0040
C MPM 0050
(o MPM 0060
c PURPOSE COMPUTATION OF BED MATERIAL DISCHARGE: MPM 0070
c IN RIVERS By MEYER=-PETERs MULLER MEIHDO MPM 0080
I c . MPM 0090
c REFERENCE MEYER-PETER, E. AND MULLERs Res "FORMULAS MPM 0100
C FOR BED LUAD TRANSPORTs" PROCEEDINGS OF MPM 0110
o THIRD. MEETING OF INTERNATIONAL ASSOCIATION MPM 0120
c FOR HYDRAULIC RESEARCHs STOCKHOLMs 1948 MPM 0130
C MPM 0140
c CORE USAGE MPM 0150
o MPM 0160
c CUMPILER TIME LESS THAN 0.6 SEC MPM 0170
c MPM 0180
l 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 NDATA IN FORMAT 15, MPM 0250
c NOATA = NUMHER OF DATA SETS 10 BE ANALYZED MPM 0260
(o v MPM 0270
; o THE SECOND AND SUCCEEODING CARDS CONTAIN THE HYDRAULIC AND MPM 0280
| c SEDIMENT DATA SETS IN THE FOLLOWING FORMATS MPM 0290
| c (3F10e29F1043sF10,79E10.3) MPM 0300
¢ v = MEAN VELOCITY (FT/SEC) . MPM 0310
l c D = HYDRAULIC DEPTH (FT) _ . - "MPM 0320
c W = STREAM WIDTH (FT) MPM 0330
c DM = MEDIAN SEDIMENT DIAMETER (MM) . v MPM 0340
c s = ENEKGY SLOPE OF STREAM (FT/FT) MPM 0350
I c SNU = KINEMATIC VISCOSITY OF WATER (FT##2/SEC) MPM 0360
c MPM 0370
PRINT 130 MPM 0380
READ 1409 NDATA MPM 0390
RHO = 6Z.4/32.2 : MPM 0400
l DU 120 I = 1eNDATA MPM 0410
READ 150y ViDsWeUMeSeSNU : MPM 0420
PRINT 1609 IoVeDoveDMeSeSNU MPM- 0430
DM = DM/3U4.8 MPM 06440
l TAU = 62,4 % D # § MPM 0450 |
TCR = 0,047 # 1,65 # 62.4 # DM MPM 0460 |
T = TAU = TCR MPM 0470 ;
IF (TeLELOe) GO TO 100 MPM 0480
GBS = W # He/SQRTIRHO) /(1465 % 62.,4) # T # # 1,5 MPM 0490
l QS = QS * 43.2 MPM 0500
GO TO 110 ) MPM 0510 ;
100 QS = 0. ! MPM 0520 |
110 CONT INUE MPM 0530
PRINT 1709 GS ) MPM 0540
120 CONTINUE MPM 0550
STup MPM 0560
c MPM 0570
130 FORMAT (1H1///9+ 41H COMPUTATIQN OF TOTAL SEDIMENT DISCHARGEs/s 35MPM 0580
I 1H  BY MEYER~-PETER AND MULLERS METHODs//) MPM 0590
140 FORMAT (1I5) . MPM 0600
150 FORMAT (3F10.25F10439F1047+9£10,3) MPM 0610
160 FORMAT (SX94HSET $15/95X925HMEAN VELOCITY 1F12.29y  MPM 0620
17H FT/SEC/ 95X 25HRYDRAULIC DEPTH 2F12.293H FT/ 95Ky 25HSTREMPM 0630
2AM WIDTH - 9F12¢243H FT/95Xs 2SHMEDIAN SEDIMENT DIAMETMPM 0640
" 3ER 3F12393H MM/ s5Xs 25HENERGY SLOPE F12e796H FT/FTMPM 0650
e 4 v — SRy 2SHK INEMATIC VISCOSLTY————35k2:; 3¢ LOH FT#*2/SEC/ /) MPM 0660 T
170 FORMAT (SX92SHBED MATERIAL. DIScHARGE 59F10,099H TONS/0AY///) 0670
I mtasEn END LG S £ 4L AR Lt i e R L R O T 0680 .z
Figure 2. Batch listing, Program MPM.
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100
110

10
PROGRAM MPMI
1 {LINPUTSOUTPUT)
DEVELOPED
PURPOSE ' COMPUTATION OF BED MATERIAL DISCHARGE
IN RIVERS By MEYER-PETERs MULLER METHOD
REFERENCE MEYER=-PETER, Eo AND MULLERs Res "FORMULAS
FOR BED LOAD TRANSPORT ! PROCEEDINGS OF
THIRD MEETING OF INTERNATIONAL ASSOCIATION
FOR HYDRAULIC RESEARCHs STOCKHOLMs 1948
CORE USAGE
CUOMPILER TIME LESS THAN 0,6 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.
NOATA = NUMBER OF DATA SETS TO HBE ANALYZED .

THE SECONWD AND SUCCEEDING CARDS CONTAIN THE HYDRAULIC AND
StDIMENT DATA SETS IN FREE FURMAT -
MEAN VELOCITY (FT/SEC)

D = HYDRAULIC DEPTH (FT)

W = STREAM WIDIH (FT)

DM = MEDIAN SEDIMENT DIAMETER (MM)

) = ENERGY SLOPE OF STREAM (FT/FT)

SNU = KINEMATIC VISCOSITY OF WATER (FT##2/SEC)
PRINT 130

RHO = 62.4/32.2

PRINT 140

READ #y9 NDATA

DU 120 1 = 1+NOATA
PRINT 150
READ e V
PRINT 160
READ #e D
PRINT 170
READ #e W
PRINT 180
READ Hy S
PRINT 190
READ #9 SNU .
PRINT 200
READ %y DM
PRINT 210y I19VeDsWeDMeSeSNU
DM = DM/304.8
TAU = 62,4 # D # §
TCR = 04047 % 1.65 # 62,4 # DM
T = TAU = TCR
IF (TsLE.De) GO TO 100
QS = W * 8, /SQHY(RHO)/‘I 65 ®* 6244) # T # 8 1,5
QS = QS * 43.2 c
G0 YO 110
QS = 0,
CONT INUE
PRINT 2209 QS

Figure 3. Interactive listing, Program MPM.

MPMIVO010
MPMI0020
MPMI0030
MPMI0040
MPMI0050
MPMIV060
MPMIOO070
MPMIQL80
MPMI0090
MPMIO100
MPMIOL10
MPMIvi2o
MPMIOL130
MPMI0140
MPMIO150
MPMIO0160
MPMIO170
MPMIO180

‘MPMI0190

MPMI0200
MPMI0210
MPMI0220
MPM10230
MPMI0240
MPM10250
MPMI0260
MPM10270
MPM10280
MPM10290
MPMI0300
MPMI0310
MPMI0320
MPMI0330
MPMI0340
MPMI0350
MPMI0360
MPMIO0370
MPMI0380
MPMI0390
MPMI0400
MPMIQ0410
MPM10420
MPMI0430
MPMIV440
MPMI0450
MPMI0460
MPMI04T70
MPML0O480
MPMI0490
MPMI0S00
MPMIO0510
MPM] 0520
MPMI0530
MPMI0540
MPMI0550
MPMI0560
MPMIU570
MPMI0580
MPMIV590

" MPMI0600

MPMLU610
MPM10620
MPMI0630
MPM10640
MPM10650
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120 CONTINULE~ - MPMI 0660
SToP i MPMIO670
’ MPMIQ680
130 FORMAT (1H1///9 41H COMPUTATION OF TOTAL SEDIMENT DISCHARGEs/s 39MPMI0690
1H BY MEYER=PETER AND MULLERS METHODs//) MPMIOT700
140 FORMAT (///5 32h START INPUT DATA IN FREE FORMATYs//» 39H ENTER THEMPMIQ710
1 NUMBER OF SETS OF INPUT DATA) MPMIO720
150 FURMAT (//////s 36H ENTER THE FOLLOWING HYDRAULIC DATA!s//s 38H MPMIO0730
1AVERAGE VELOCITY IN FEET PER SECOND) MPMIO740
160 FURMAT ( 26H HYDRAULIC DEFTH IN FEET) MPMI0750
170 FORMAT ( 23H STREAM WIDTH [N FEET) MPMIQ760
180 FURMAT ( 28H ENERGY SLOPE (N FEET/FEET) MPMIOT770
190 FORMAT ( 37H KINEMATIC VISCOSITY IN S5Q.FT+/SECe) MPMIO0T80
200 FURMAT ( 33H MEDIAN BED MATERIAL SIZE IN MM) MPMIOTI90
210 FORMAT (//5X94HSET »15/95X¢25HMEAN VELOCITY sF124207H FMPMIOB0O0
1T/5EC/ 95X 9 5HHYDRAULIC DEPTH sF12e293H FT/95X925HSTREAM WMPM10810
2I0TH 1F124293H FT/45Xe25HMEDIAN SEDIMENT DIAMETER oF12MPMI0820
Je393H MM/ +5X 9 25HENERGY SLOPE 2F1l2eT96H FT/ZFT/95X925AKIMPMIVE30
4NEMATIC VISCUSITY sE12439 UK FT#w2/3EC//) MPMI0840
220 FURMAT (5X¢25HBED MATERIAL DISCHARGE =9F10.099H TONS/DAY///) MPMI0850
ENOD MPMIO0B60







- ELECTRONIC COMPUTER PROGRAM ABSTRACT

TITLE OF PROGRAM: SHENHNG 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 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 Tramsport Technology,

Water Resources Publications, Fort Collins, Colorado, 1977.
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: Nomne

Restrictions: None

General Equation: Shen and Hung's sediment concentration equation:

3

log C = -107404.459 + 324214.747X - 326309.589X2 + 109503.872X
where C 1is the sediment concentration in parts per million and X
is:

v s0.57 0.0075

)

X = (o
0-32

and V 1is the mean velocity, S is the energy slope and W is the
fall velocity.

Range of Quantities: Unlimited




Accuracy: N/A

Dimension System: English (except input sediment diameter is in mm)

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.

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.

INPUT-OUTPUT: Input requirements are: Number of data sets to be
analyzed (NDATA), mean velocity (ft/sec), hydraulic depth (ft),
stream width (ff), median bed material diameter (mm), energy slope
(ft/ft), kinematic viscosity of water (ftz/sec). Output includes

the given data and sediment concentration and transport rate.
ADDITIONAL REMARKS: The method indicates that the sediment concen-

tration is independent of flow depth and is applicable to small

streams.




PART I: ENGINEERING DESCRIPTION

PROGRAM NUMBER:

TITLE: SHENHNG

REVISION LOG: N/A

PURPOSE OF PROGRAM: To compute sediment discharge in rivers by Shen

and Hung's method. References:

a)

b)

Shen, H. W., and C. S. Hung, "An Engineering Approach to Total
Bed Material Load by Regression Analysis," Proceedings, Sedimen-
tation Symposium, Berkeley, 1971.

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

Water Resources Publications, Fort Collins, Colorado, 1977.

STEP SOLUTION:

a)

b)

c)

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 (8), ft/ft

7 - Kinematic viscosity of water (SNU), ftz/sec

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 Sentiirk, 1977).

Next the factor X in Shen and Hung's equation is determined
from the above calculation and the input data.

v 50.57) 0.0075

X = o
W0.32

where W 1is the fall velocity.




d) The value obtained for X is then plugged into the regression
equation of the log of sediment &oncentration 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..

Qs = 62.4 x 43.2 x 10_6 xCxQ

6. ACCURACY: N/A
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PART II: COMPUTER FUNCTIONAL DESCRIPTION

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 batch mode.

INPUT REQUIREMENTS: The program was written for either the time
share or batch processing mode. The source listing (Figure 2) is
for the batch mode. Figure 3 is the interactive mode listing.
SECONDARY STORAGE INPUT FORMAT: Nomne

INPUT DATA DESCRIPTION: The following variable names are used for

the input variables:

NAME DESCRIPTION FORMAT
NDATA Number of data sets I5 Card 1
\) Mean velocity F10.2
D Hydraulic depth F10.2
Card 2, 3,
W Stream width F10.2 .+.y NDATA
DM Bed material size F10.3
S Energy slope ¥10.7
SNU Kinematic viscosity of water E10.3

SUMMARY OF REQUIRED CARDS: (See 6)

OUTPUTS: Printed output generated by Program SHENHNG consists of
the input data and sediment concentration and transport rate.
OPERATOR INSTRUCTIONS:. None

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

improper input data.
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11. VARTIABLE DEFINITIONS:

C ~ Sediment concentration, ppm
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

SNU - Kinematic viscosity, ftz/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 METHOR

SET 1 _

MEAN VELOCITY ‘ 6463 FT/SEC
HYDRAULIC DERTH 2,50 FT

STREAM WIDTH 170400 FT

MENIAN SELIMENT DIAMETER (495 MM

ENERGY SLOPE 0010500 FT/FT
KINEMATIC VISCOSITY +104E-04 FT¥%2/8EC

TOTAL SERIMENT CONCENTRATION
TOTAL SEDIMENT DISCHARGE

3073, PFM RY WEIGHT
23339. TONS/7DAY

i ou

+042 CF SECONDS EXECUTION TIME




b) Interactive Mode

COMFUTATION OF TOTAL SEDIMENT DISCHARGE
BY SHEN ANI' HUNGS METHOD

START INFUT DATA IN FREE FORMAT

ENTER THE NUMEER OF SETS OF INFUT DATA
1

?

ENTER THE FOLLOWING HYDRAULIC DATA:

AVERAGE VELOCITY IN FEET PER SECOND
T 6.63 .
HYDORAULIC DEFTH IN FEET
205

STREAM WIDTH IN FEET

-

? 170,
ENERGY SLOFE IN FEET/FEET
7 L00105
RINEMATIC VISCOSITY IN SQ.FT./SEC.
7 0000106
MEDIAN BED MATERIAL SIZE IN MM
T 495
SET i
MEAN VELOCITY 64,63
HYDRAULIC DEFTH 2.50
STREAM WINTH 170,00
MELIAN SEDIMENT DIAMETEFR 1495
ENERGY SLOFE + 00103500
KINEMATIC VISCOSITY +106E-04
TOTAL SEDIMENT CONCENTRATION = 3073.
TOTAL SELIMENT DISCHARGE = 23339,

10462 CF 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)

FT/SEC
FT

FT

MM

FT/FT .
FT¥X2/SEC

FFM BY WEIGHT
TONS/DAY




SHENHNG

READ NDATA

3

READ HYDRAULIC
DATA

A

DO FROM 1 PRINT INPUT DATA

TO NDATA

L 4

COMPUTE SEDIMENT
TRANSPORT RATE

PRINT OUTPUT

END

Figure 1. Flow chart of Program SHENHNG.
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l PROGRAM SHENHU SH 00190
1 (INPUT»OUTPUT) f . , ' SH 0020
c . . ) ' SH 0030
l C DEVELOPED ' : SH 0040 i
c ; ~ SH 0050 !
C PUKPOSE COMPUTATION oF SEDIMENT OISCHARGE IN ' SH 0060 |
¢ RIVERS HY SHEN AND HUNGS METHOD SH 0070 |
. c SH 0080 ;
c REFERENCE SHENs HeWe AND HUNGy CoSes "AN ENGINEERING SH 0090 |
c APPROACH TO TOTAL BED MATERIAL LOAD 8BY SH 0100 !
C REGHESSION ANALYSIS," PROCEEOINGS, SEDI= SH 0110 |
c MENTATION SYMPOSIUMy BERKELEY, 1971 SH 0120
I C SH 0130
c CURE USAGE : SH 0140 ;
c SH 0150 i
c COMPILATION TIME  APPROXIMATELY 0.7 SEC SH 0160
I c SH 0170 i
c CENTRAL PROCESSOR SH 0180 ]
c TIME FOR ONE SET ‘ SH 0190 i
c OF DATA LESS THAN 0,3 SEC SH 0200 |
c SH 0210 ‘
I C INPUT DATA SH 0220
c ' SH 0230
o c THE FIRST CARD CONTAINS THE VALUE OF NDATA IN FORMAT 15, SH 0240
‘ c NDATA = NUMBER OF DATA SETS TO BE ANALYZED SH 0250
¢ . SH 0260
¢ THE SECOND AND SUCCEEDING CARDS CONTAIN THE HYDRAULIC AND SH 0270
c SEDIMENT DATA SETS IN THE FOLLowING FORMAT: SH 0280
c (3F10429F1Ue39F10,79E10.3) SH 1290
C v = MEAN VELOCITY (FT/SEC) SH 0300
¢ ) = HYDRAULIC LEPTH (FT) SH 0310
¢ W = STREAM WIDTH (FT) SH 0320
¢ DM = MEDIAN SEDIMENT DIAMETER (MM) , SH 0330
c 5 = ENERGY SLOPE OF STREAM (FT/FT) : SH 0340
c SNU = KINEMATIC VISCOSITY OF WATER (FT#%#2/SEC) SH 0350
I c SH 0360
PRINT 110 SH 0370
READ 120y NDATA SH 0380
DO 100 I = 1s4NDATA ; SH 0390
READ 130s VeDsWsDOMsSySNU A SH 0400
PRINT 1409 I9VeDowWweDMeSsSNU . SH 0410
DM = DM/304.8 : SH 0420
VF = (SURT(24/3¢ # 3242 % 1,65 % DM & # 3, & 36, % SNU # ® 2,SH 0430
I 1) = 64 % SNU)/DM SH 0440
X = (V# S5 % ® 0,57T/VF # 4 0,32) % & 0.0075 SH 0450
CL = = 1074044459 ¢ 324214,747 # X = 326309,589 # X # & 2, + SH 0460
1 109503.,872 # X # # 3, SH 0470
C = 10, ® = C| SH 0480
l Q=vVvw®D®y : SH 0490
QS = C % 1,E = 6 # Q % 62,4 % 43,2 SH 0500
PRINT 150y CsQ$ ! SH 0510
100 CONTINUE - SH 0520
STOP _ SH 0530
l c SH 0540
110 FORMAT (1H1//y 41H CDMPUTATION OF TOTAL SEDIMENT DISCHARGEjs/s 26HSH 0550
1 BY SHEM AND HUNGS METHOD»//) SH 0560
120 FORMAT (15) SH 0570
l 130 FORMAT (3F1042sF10435F1047sg10+3) SH 0580
140 FORMAT (5Xe4HSET 415/9+5X9254MEAN VELOCITY 1F12.29  SH 0590
17H FT/SEC/25Xs 25HHYDRAULIC DEPTH sF124293H FT/95X925HSTRESH 0600
2AM WIDTH 4. . Fl242,3H FT/+5X925HMEDIAN SEDLIMENT DIAMETSH 0610
3ER o F12.393H MM/ySX;ZSHENthY SLOPE +F12.796H FT/FTSH 0620
I 4/+5Xs  2SHKINEMATIC VISCUOSITY sE12.3910H FT##2/SEC//) SH 0630
150 FURMAT (2X930HTOTAL SEDIMENT CONCENTRATION =4F10.0s14H PPM BY WEIGSH 0640
1HT/2X930HTUTAL SEDIMENT DISCHARGE . =1F 1040991 TONS/DAY///) SH 0650
l T ENUS - e i Ul Sini SH 0660~
Figure 2. Batch listing, Program SHENHNG.
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PROGRAM SHENHUIL SHI 0010
1 CINPUTOUTPUT) : . SHI 0020
c o ' SHI 0030
c DEVELOPED . : : SHI 0040
o SHI 0050
c PURPOSE COMPUTATION oF SEDIMENT DISCHARGE IN - SHI 0060
c RIVERS B8Y SHEN AND HUNGS METHOD SHI 0070
c SHI 0080 '
c REFERENCE SHENy HeWe AND HUNGy CoSes "AN ENGINEERING "SHI 0090
c APPROACH TO TOTAL BED MATERIAL LOAD BY SHI 0100
‘c REGRESSION ANALYSISe" PRUCEEDINGSs SEOI- : SHI 0110
C MENTATION SYMPOSIUMy BERKELEY, 1971 SHI 0120
C SHI 0130
c CORE USAGE SHI 0140
C ) SHI 0150
c COMPILATION TIME  APPROXIMATELY 0.7 SEC SHI 0160
c SHI 0170
¢ CENTRAL PROCESSOR _ SHI 0180
c TIME FOR ONE SET ‘SHI 0190
C OF DATA LESS THAN 0,3 SEC SHI 0200
¢ SHI 0210
o INPUT DATA SH{ 0220
(o ' SHI 0230
o THE FIRST CARD CONTAINS THE VALUE OF NDATA IN FREE FORMAT. SHI 0240
c NDATA = NUMBER OF DATA SETS TO BE ANALYZED SHI 0250
c : SHI 0260
(o THE SECOND AND SUCCEEDING CARDS CONTAIN THE HYDRAULIC AND SHI 0270
c SEDIMENT DATA SETS IN FREE FORMAT SH1 0280
C v = MEAN VELOCITY (FT/SEC) " SH1 0290
c 0 = HYDRAULIC DEPTH (FT) : SHI 0300
c W = STREAM WIDIH (FT) ' SHI 0310 l
C DM = MEDIAN SEDIMENT OIAMETER (MM) SHI 0320
c S = ENERGY SLOPE OF STREAM (FT/FT) SHI 0330
C SNU = KINEMATIC VISCOSITY OF wATER (FT##2/SEC) . SHI 0340
c SHI 0350
PRINT 110 ; SHI 0360
PRINT 120 SHI 0370
READ  #, NDATA SHI 0380
DO 100 1 = 1sNUATA . SHI 0390
PRINT 130 . SHI 0400 l
READ % V SHI 0410
PRINT 140 SHI 0420 o
READ  #¢ D . SHI 0430 ,
PRINT 150 _ SHI 0440 | l
KEAD  #o W SHI 0450
PRINT 160 SHI 0460
READ #4 S SH] 0470
PRINT 170 SHI 0480
READ .%y SNU . SHI 0490 I
PRINT 180 . SHI 0500
READ  #y DM \ SHI 0510
PRINT 190s I9VeDswWsDMeSeSNU SHI 0520
DM = DM/304.8 SHI 0530
VF = (SURT(2./3, # 32.2 % 1,65 # DM # % 3, + 36, % SNU # # 2,5H] 0540
1 ) = 6o % SNU)/DM SHI 0550
X = (V# S # # 0,57/VF # & 0,32) % % 0.0075 SHI 0560
CL = = 107404,459 + 3264214,747 # X = 326309.,589 # X # # 2, + SHI 0570
1 109503,872 # X # # 3. ‘ SHI 0580
C = 10. ¢ & CL SHI 0590
Q =V #*#D*W " SHI 0600
QS = C * 1o = 6°%#:Q # 62.4 # 43.2 SHI 0610
PRINT 200s C9QS .7 = o SHI 0620
100 CUNTINUE e o ool T SHI 0630
c . B R o : SHI 0640
c : T ' R ‘ SHI 0650
Figure 3. Interactive listing, Program SHENHNG. .
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STOP : SHI

SHI

110 FORMAT (1H1//s 41H COMPUTATION OF TOTAL SEDIMENT DISCHARGEs/s 31HSHI
1 BY SHEN AND HUNGS METHOps//) © SHI
120 FORMAT (///s 32H START INPyUT DATA IN FREE FORMATs//s 39H ENTER THESHI
1 NUMBER OF SETS OF INPUT DATA) © SHI
130 FORMAT (////7//y 36H ENTER THE FOLLOWING HYORAULIC DATA:e¢//s 38H  SHI
1AVERAGE VELOCITY IN FEET FER SECOND) SH1
140 FURMAT { 20H  HYDRAULIC DEPTH IN FEET) SHI
150 FURMAT ( 234  STREAM WIDTH IN FEET) SHI
160 FURMAT ( 28H  ENERGY SLOPE IN FEET/FEET) SHI
170 FURMAT ( 374  KINEMATIC VISCOSITY IN SQ.FT./SECs) SHI
180 FORMAT ( 33H  MEDIAN BED MATERIAL SIZE IN MM) . - SHI
190 FURMAT (//5X94HSET s15/95X 9 25HMEAN VELOCITY yF124297H FSHI
1T/SEC/ 95X 25HHYDRAULIC DEPTH sF12e293H FT/95X925HSTREAM WSHI
2IDTH vF124293H FT/,5Xs25SHMEDIAN SEDIMENT DIAMETER sF12SHI
3¢393H MM/ y5X92SHENERGY SLUPE 2F12e796H FT/FT/95K925HKISHI
4NEMATIC VISCOSITY sE12.3910H FT#42/SEC//) SHI
200 FORMAT (2X930HTOTAL SEDIMENT CONCENTRATION =+F10.0s14H PPM 8Y WEIGSHI
1HT/2Xs30HTOTAL SEDIMENT DISCHARGE =yF10.099H TONS/DAY///) SHI
END SHI

0660
0670
0680
0690
0700
0710
720
0730
0740
0750
0760
0770
0780
0790
0800
0810
0820
0830
uB40
0850
0860







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. Sentﬁrk, Sediment

Transport Technology, Water Resources Publications, Fort Collins,

Colorado, 1977.
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)

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.




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.

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 (mm),
energy slope (ft/ft), kinematic viscosity of water (ftz/sec), either
sediment sizes (mm) and their respective percentages or a median
particle size (mm) and a gradation coefficient.

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).




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. Sentark, 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
D65’ 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 conditidn

5 - Mean velocity (V), ft/sec

6 - Hydraulic depth (HR), ft

7 - Hydraulic width (W), ft




8 - Water temperature (TDF), Op
9 - Energy slope (S), ft/ft
10 - Kinematic viscosity of water (SNU), ft2/sec

EITHER 11

An array of sediment sizes (DM), mm
12 - A percentage array corresponding to sizes (ZI), decimal
fractions)
13 - The 65% finer sediment size (D65), mm
OR 11 - Médian sediment size (D50), mm

12 - Gradation coefficient (SIGMA)

b) After input of required data computations of sand discharge begins

by steps as given in Toffaleti (see Reference a).

Step 1. Compute:

HR
YA = 1174
- _HR
¥B =75
(SI) = SS x HR x CZ (CZ from Figure 3, Toffaleti)
U, = v
VG*D65°S
V3
Uy = ———
VG+SNU+S
Find U1 from Toffaleti's Figure 4 (subroutine TFIG4)
\ o™ o=
U;: =T 5 AM = 10 U;<
1
A = Pl_/3 3 (@ = 10° SNU, SNU in f£t2/sec)
AM




From Figure 1 (Toffaleti), evaluate A.

(In the program, Figure 1 is approximated by a series of equations)
Steps 2 - 10 require separate computation for each sediment size
(DD = 2% particle diameter)

Step 2.

_VExV (VF is the fall velocity computed by Rubey's
Z0M = 51y
Equation. See Simons and Sentiirk, 1977)

Check point: If ZOM < 1.5 ZV’ use ZOM = 1.5 ZV

(ZV = 0.1198 + 0.00048 TDF, where TDF is water temperature)
Z0L = 0.756 ZOM
200 = 1.5 Z0M
Z0L - ZV = F1
ZOM - ZV = F2
Z0U - ZV = F3
1 -F1 =F4
1 -F2=F5
1 - F3 =7TF6
Step 3.
_ 0.6 .
GF(D) T A, DM(I) 5/3 °
(——)
V2 x 0.0058

T =1.10 G (0.00158 + 0.0000028 TDF)

Step 4.
XC = F4 GF(I)
(YA)F4 _ DDF4
Step 5.

C = ZI(I) WX ; ZI(I) fraction of material in ith size,

W stream width

I




Step 6.

Bedload = C DDF4

Z
= DD, V | -
UD = Cv V(HR) 3 Cv 1+ 2z

_ XC
UBL = =

43.2 UD DD
If UBL > 100 pcf, the bed load is adjusted.

Bedload = Bedload (100/UBL)

Step 7.
YA
For Y ] GA = (YATC - DD'") + Bedload , 0 <Y < 7VA
0

or

GA = GF(I) ZI(I) W + Bedload

Step 8.
YB
For Y ] GB = (C/F5) yaf2 ¥l (YBFS—YAFS)
YA
Step 9.
HR F2-F1 _ F3-F2 . F6___F6
For Y ] GC = (C/F6) YA YB (HR °-YB °)
YB
Step 10.
}IR .
For Y ] GT = GA + GB + CC
0

6. ACCURACY: N/A




PART II: COMPUTER FUNCTIONAL DESCRIPTION

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 batch mode.

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.

SECONDARY STORAGE INPUT FORMAT: None

INPUT DATA DESCRIPTION: The following variable names are used for the

input wvariables.

NAME DESCRIPTION FORMAT

NDATA Number of data sets F5 Card 1.
NDED Number of sediment size fractions I5 Card 2
IDIST Sediment size distribution type I5 Card 2
ISED Frequency of sediment data input I5 Card 2
v Mean velocity (ft/sec) F10.3 Card 3
HR Hydraulic depth (ft) F10.3 cCard 3
W Stream width (ft) F10.3 Card 3
TDF Water temperature (OF) F10.3 Card 3
S Energy slope (ft/ft) F10.7 Card 3
SNU Kinematic viscosity of water (ft2/sec) E10.3 Card 3
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EITHER IDIST = O

DM(I) Array of sediment sizes (mm) 10F8.4 Card &
ZI(I) Corresponding percentages (decimal

fraction) 10F8.4 Card 5
D65 The 65% finer bed material size (mm) F8.4 Card 6

OR IDIST = 1 |

D50 Median sediment size (mm) F10.5 Card 4
SIGMA Gradation coefficient F10.5 Card 4

7. SUMMARY OF REQUIRED CARDS: See 6

8. OUTPUTS: Printed output generated by the program includes the
pertinent input data and the sediment transport rate.

9. OPERATOR INSTRUCTIONS: None

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

11, VARIABLE DEFINITIONS:

AC correction factor

ACOR correction factor for models

AM 10 U, where U, = particle shear velocity

BQL bed load (tons/day)

C ZI*W*XC

CEF a parameter used in evaluating Ul

Ccv velocity distribution parameter, CV=1+ZV

CZ temperature related parameter

Ci parameter used in evaluating Ul

Cc2 parametef used in evaluating Ul

DD 2*%DM (ft)

DM input bed material sizes (mm converted to ft in program)

D05-D95 bed material sizes for which 0 5 - 957 of the sample
is finer




D65
FQL

F1,F2,F3

F4,F5,F6

GA
GB
GC

GF

HR
IDIST
ISED
NDATA

NSED

PAM

ST
SIGMA
SNU
SQL
SQLP
TBQL

TC

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

acceleration of gravity (ft/secz)

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 fractioms

kinematic viscosity of water times 105

parameter used to evaluate AC

energy slope (ft/ft)

parameter used in evaluation of ZDM

gradation coefficient

kinematic viscosity of water (ftz/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
\

VF

VSP

XC

YA
YB
ZI

ZOL

Z0OM

Z20U

VAY

10

water temperature (°F)

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 (1bs/ft3)

point velocity at point 2 grain diameters from bed (ft/sec)

correlation of velocity and shear velocity as a
function of U2 and U3

parameters for evaluating shear velocity
parameters in evaluating Ul

mean velocity (ft/sec)

fall velocity (ft/sec)

ratio of mean velocity to Ul

stream width (ft)

product of factors included in formulation for zomnal
peint loads :

distance to upper limit of lower zone (I%BEZ), (ft)

-distance to upper limit of middle zone(EE%), (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

'
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12. EXAMPLE CASE:
a) Batch mode
COMPUTATION OF SAND DISCHARGE -
BY TOFFALETIS METHOD// :
SET 1 |
AVERAGE VELOCITY , b 63FT/SECY o
HYDRAULIC DEFTH 2,50 FT , _
WATER SURFACE WIDTH - 170,00 FT
WATER TEMFERATURE 70.00 LEG F
065 L370 MM
ENERGY SLOFE 00105000 FT/FT
KINEMATIC VISCOSITY _  V11E~04 FTX2/SEC ‘
SEDIMENT SIZE FRACTION " BED LOAD SUSFENDEL LOAT TOTAL LOAD |
(MM) _ CTONS/DIAY ) (TONS/DAY) CTONS/DIAY) 1
4950 : .18 264,73 384,9 : 649 .2 .
3510 , L 40 520,8 1707, 8 2228,7
. 2480 32 L 26641 3371 .6 3637.7
1750 L .06 _ 23,8 o R007.6 ‘ 2031, 4
TOTAL BED LOAD = 1075, SUS LOAD = 7472, TOTAL BELD-MATERIAL LOAD = 8547, TONS/DAY

l

+081 CP SECONDS EXECUTION TIME

b) Interactive mode (see pages 12 and 13).
13. JOB PROCESSING TIME:

To Compile: 4.1 cpu secv

To Execute: 0.08 cpu sec (batch)

0.147 cpu sec (interactive)




Example case, interactive mode.

COMPUTATION OF SAND LISCHARGE
BY TOFFALETIS METHON

START INFUT DATA IN FREE FORMAT

ENTER THE NUMEBER OF SETS OF INFUT DATA

71

?

?

?
?

?

SET SIZE DISTRIBRUTION TYFEy IDIST = 0 OR 1

ENTER O IF THE SEDNTMENT SIZES AND FERCENTAGES DEFINING THE SEDNIMENT SIZE DISTRIBUTION ARE TO BE READ IN
ENTER 1 IF THE LOG-NORMAL SENIMENT SIZE DISTRIBUTION IS TO BE EVALUATED

0

ENTER O IF SEDIMENT DATA WILL NOT BE CHANGED FOR DIFFERENT HYINRAULIC CONDITION ’
ENTER 1 IF THE SEDIMENT DATA ARE TO BE READ OR COMPUTED FOR EACH HYORAULIC CONDITION

0

ENTER THE FOLLOWING HYDRAULIC DATAS

AVERAGE VELOCITY IN FEET FER SECOND
6,63 :
HYDRAULIC RADIUS IN FEET
2.5

WATER SURFACE WIDTH IN FEET

170

WATER TEMFERATURE IN DEG. FAHRENHELT
700

ENERGY SLOFPE IN FEET/FEET

+ 00105

KINEMATIC VISCOSITY IN SQ.FT./SEC.
+00001064

4%




IDIST=0 ENTER THE FOLLOWING RED MATERIAL DATAS

NUMBER OF SEDIMENT SIZE FRACTIONS» NSED

? 4

GEOQ MEAN SIZE IN MM REFRESENTING THE ITH FRACTION ANI' THE FERCENT WEIGHT OF THE

(OMCIY »ZICI) » L=y NSED)

? L A95y.178 |
P 351,402 j
? 248y ,320
P L 175,058 R
THE 65% FINER DIAMETER IN MMy DS S
S e - , e —
SET 1
AVERAGE VELOCITY = "~~~ —=—=~ 51T FT79ED
HYDRAULIC DEFTH 2,50 FT
WATER SURFACE WIDTH 170,00 FT
WATER TEMPERATURE 70,00 DEG F
165 +370 MM
ENERGY SLOFE L00105000 FT/FT
KINEMATIC VISCOSITY +11E-04 FTRX2/SEC
SEDIMENT SIZE FRACTION BED LOAD SUSFENDED LOAD TOTAL LOAL -
(HM) (TONS/DIAY) CTONS/DAY) CTONS/DIAY)
+ 4950 <18 2643 384.9 649.2
+3510 .40 520.8 1707.8 2028,7
+ 2480 32 24641 337144 363747
<1750 .04 23.8 . 2007.4 2031.4

TOTAL EED L
+147 CF

0AD = 1075, SU8 LOAD =
SECONDS EXECUTION TIME

7472, TOTAL EBED~-MATERIAL LOAD = 8347,

!ITH FRACTION

TONS/DAY

€1
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PROGRAM TOFLTI

h |
READ INTEGER DATA
NDATA, NSED, IDIST, ISED

A

READ FIRST SET OF HYDRAULIC DATA:
V, HR, W, TDF, S, SNU

Y
PRINT INPUT DATA|

READ FIRST SET OF SEDIMENT DATA
AND CALCULATE FALL VELOCITIES
SUBROUTINES SEDIN, LOGNOR

READ SUBSEQUENT SETS OF
HYDRAULIC DATA

Y.
READ SUBSEQUENT SETS OF
SEDIMENT DATA IF ISED = 1
SUBROUTINES SEDIN, LOGNOR

\

COMPUTE ALL PARTS
OF STEP 1
SUBROUTINE TFIG4 EVALUATES Ul

REPEAT FROM
1 TO NDATA

COMPUTE ALL PARTS
OF STEPS 2-10

REPEAT FROM
1 TO NSED 2
PRINT OUTPUT DATA

s
END

Figure 1. Flow chart of Program TOFLTI.
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PROGRAM TOFLTI

1OINPUT,OUTPUT)

DEVELOPED

PURPOSE COMPUTATION OF SAND DISCHARGE IN RIVERS. BY
TOFFALETIS METHOD ‘

REFERENCE TOFFALETIs FRED Bes "DEFINITIVE COMPUTATIONS
OF SAND DISCHARGE IN RIVERS.® ASCE JOURNMAL
OF THE HYDRAULICS DIVISIONs JANes 1969

CORE USAGE

COMPILATION TIME APPROXIMATELY 4,1 SEC

TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
ToF

- TOF

. CENTRAL PROCESSOR

TIME FOR ONE SET
OF DATA APPROXIMATELY 0.12 SEC

INPUT DATA

THE FIRST CARD CONTAINS THE VALUE OF NDATA IN FORMAT IS5. HNDATA
IS THE NUMBER OF SETS OF INPUT DATA TO BE ANALYZED BY TOFFALETI®S
METHOD.

THE SECOND CARD CONTAINS THE VALUES OF NSED»IDISTs AND ISED IN

FURMAT 315,

NSED = THE NUMBER OF SEDIMENT SIZE FRACTIONS

IDIST = THE SEDIMENT SIZE DISTRIBUTION TYPE
IF IVIST = 0 READ IN SEDIMENT PARTICLE SIZES AND
CORRESPONDING PERCENTAGES (10FB.4) AND D65 (MM) (FBe4)
IF IDIST = 1 A LOGNGRMAL DISTRIBUTION IS ASSUMED
READ IN D50 (MM) AND THE GRADATION COEFFICIENT»
SIGMA (2F10,5)

ISED = FREWQUENCY OF SEDIMENT DaATA INPUT PARAMETER
IF ISED = 0 THE SAME SgDIMENT SIZE DISTRIBUTION IS
USED FOR ALL FLOW CONDITIONS BEING ANALYZED

IF ISED = 1 A DIFFERENT SEDIMENT SIZE DISTRIBUTION
IS USED FOR EACH FLOW CONDITION

HYORAULIC DATA (5F10,39F10.79E1043)

v = MEAN VELOCITY (FT/SEC)

HR = HYDRAULIC DEPTH (FT)

W = STREAM WIDTH (FT)

TOF = WATER TEMPERATURE (DEG, FAHRENHEIT)

S = FRICTION SLOPE

. SNU = KINEMATIC VISCOSITY OF WATER (FT#%2/SEC)

CUMMON /SEO/ NSED sy IDIST s DM(20) oy
16200 4 VF{(20) » SNU » D65

DIMENSION GF (20) s BAL(20) sy SQL(20) ’
FAL (20) » SQLP(20)

CUMPUTATION OF THE SEDIMENT LOAD (TONS/DAY) BY TOFFALETIS METHOD

PRINT 150 U

READ 160y NDATA - - %

READ 1709 NSEDsIDIST,ISED : Lo
READ 1809 VeHReWs IDF9S9SNU Lo :
CALL SEDIN .
DU 140 IDATA = 1sNDATA

IF (IDATA.EQ.1) GO TO 100

Figure 2. Batch listing, Program TOFLTI.

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

CTOF

TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF

0010
0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
0200
02lo0
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
0570
0580
0590
0600
0e6lo
0620
0630
0640
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OO0 OO0

100

110

READ 180y VsHRsWsTDF»S»SNU SR R -

IF
CaL

16

(ISED.EQ.0) GO TO 100
L SEDIN

CONTINUE

PRI
SIEP 1

Dé6s

NT 1909 IDATAsVeHReWyTOF,D659S9SNU

= D65/304.8

6 = 32.17

YA
\{-
(074
SI

AM
P =
PAM
v
Cv
IF
IF
IF
IF
1f
FAC

CHECK

1F
1F
IF
AC
IF
COon
TBG
T5Q
TaL
TSQ
0o

STEP 2

CHECK

SIEP 3

HR/11.24
HR/2.5
260.67 - 00667 @ TDF
S # HR # CZ
V/S5QKRT{(G # D65 # S)
V # #°3/(G % SNU # S)
L TFIG4 (UlsU2,U3)

= V/Ul
= 10, ¥ VSP
SNU # 10, *# # §
=P @ * (le/3es)/AM

061198 + 0,00048 & TDF
= le ¢ 2V

(PAMLESD«S) AC = 9.86/(pAM) # # ],5]
(PAM.LE.0.67.AND-PAM.GT.0-5) AC = 39,1 # PAM # * 04482
(PAMeLE«0s720ANDPAM,GEL0e67) AC 338, # PAM # # 5,87
(PAMGLE sl e 2B¢ANDePAMGTe0e72) AC 49,

(PAMaGTeale28) AC = 2448 # PAM # & 2,76
= PAM # S # 065 # 10, * #* 5

It 8 uun

POINT

(FAC'LEZ0+25) GO TO 110
(FACeGTe0425¢ANDaFACLT+0e35) ACOR = 5,08 # FAC * # 1,16
(FAC.GE«043%5) ACOR = Oob/FAC # # 1.05

= AC # ACOR :
(ACJLTel64) AC = ]6,
TINUE

L = 0,

L = U

= 0.

LP = 0.

120 I = 1sNSED

20M = VF(1) # v/S1

POINT , !
IF (Z0MeLTe(1eS # 2ZVv)) ZOM = 1,5 # ZV
ZOL = U756 # Z0M

20U = 145 # ZOM

Fl = Z20L = 2V

F2 = ZUM = YV

F3 = Z0U = 2V

F4 = le = Fl

FS = 1ls = F2

F6 = le = F3 . ..

PD = 2. * DM(I)F:s" .

TP = 6 % (0.,00158 + 0,0000028 # TOF)
TC = 110 # TP .

GF(I) 3 04600/(TC # AC # DM(I)/(V # * 2 % 0,00058)) * # (5T0F

-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
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
TOF
TOF
T0F
TOF
TOF
TOF
TOF
TOF
TOF
TOF
TOF

0650 -,
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760

0770
0780
0790
0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
0500
0910
0920
0930
0940
0950
0960
0970
0380
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
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S Snaen U2 P - ‘ o “TOF 1310 "
_ c , o TOF 1320
c STEP & TOF 1330
c ‘ TOF 1340
XC = F4 # GF(I)/(YA ® # F4 = DD ® ® F4) TOF 1350
l ¢ y i TOF 1360 |
c STEPS - TOF 1370 |
c : TOF 1380 |
C = ZI(I) # W * XC TOF 1390 |
c DIEPRES : TOF 1400 |
< SIEP 6~ - S v TOF 1410 |
c . ‘ TOF 1420 |
BAL(I) = C # 0D * % F4 . - TOF 1830 |
UD = CV # V * (DD/HR) # ® 7V TOF 1440
UBL = XC/ (43,2 % UD % DD * # F1) TOF 1450
¢ TOF 1460
c CHECK POINT TOF 1470
c : TOF 1480
IF (UBL.GT+100.) BGL(I) = BQL(I) * 100./UBL TOF 1450
l c TOF 1500
¢ COMPUTATION OF THE SEDIMENT LOAD TOF 1510
c . TOF 1520
c STEP 7 TOF 1530
. c TOF 1560
l GA = GF(I) » ZI(I) # W ~ TOF 1550
c TOF 1560
C. SIEP B8 TOF 1570
c TOF 1580
' GB = C ® YA ® # (F2 = F)) # (YB & *F5-Ya® #F5)/F5 TOF 1590
C ~ TOF 1600
c STEP 9 TOF 1610
c ' TOF 1620
GC = C % YA ® & (F2 =F)) # YB® % (F3 = F2) # (HR * * F6TOF 1630
1 - Y8 * * F6)/F6 ‘ ‘ TOF 1640
¢ TOF 1650
c STEP 10 TOF 1660
c TOF 1670
SQLII) = GA + GB + 6C - TOF 1680
FOL(I) = SQL(D) + BaL(D) TOF 1690
SWLP(I) = 6B + GC TOF 1700
TSGLP = TSQLP + SQLP(I) TOF 1710
TBAL = TBGL + BGL(I) TOF 1720
l TSQL = TSQL + SQL (1) TOF 1730
: TOL = TQL + FOL(I) TOF 1740 |
120 CONTINUE' : TOF 1750
PRINT 200 TOF 1760
DU 130 [ = 1yNSED TOF 1770
DMII) = DM(I) * 304.8 _ TOF 1780
PRINT 220% DM(I)sZI(I)sBqL (I)sSQL(1)sFQL(D) © TOF 1750
130 CONTINUE TOF 1800
PRINT 2105 TBOLsTSQLsTGL TOF 1810
l 140 CONTINUE 10F 1820
Sfop ) TOF 1830
¢ TOF 1840
150 FORMAT (1H1///9X+29HCOMPUTATION OF SAND DISCHARGE/9Xs22HBY TOFFALETOF 1850
1TLS METHOD//) TOF 1860
160 FURMAT (I5) TOF 1870
170 FURMAT (315) TOF 1880
180 FORMAT (4F10.3+F10.75E1043) TOF 1890
190 FORMAT (5K94HSET +15/5Xs2THAVERAGE VELOCITY sF12.2s TOF 1900
I 1 THFT/SECs/5Xs27THHYDRAULIC DEPTH »F12.293H FT9/5Xs  2TOF 1910
2THWATER SURFACE WiDTH sF12.203H FT9/5X»2THWATER TEMPERATURETOF 1920
3 'F12.2+6H DEG F9/5Ke27THDOS s TOF 193u
4 F12.393H MMe/5Xs2 THENERGY SLURE sF12.8,6H FT/FTs/5XTOF 1940
l 5 s2THKINEMATIC vISCOSITY sE12.2910H FT#%2/SEC/) TOF 1950
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200 FURMAT (3X91IHSEDIMENT SIZE»8X,BHFRACTIONs 10Xy 8HBED LOADs 149 14HSUSTOF 1960 I
~——- IPENDED LOAU+SXs10HTOTAL COAD S/ 6X34H (MMT33XXs 10H(TONSZDAY s TXFLUH(TTOF 1970
20NS/UAY) 99X s LOH (TONS/DAY) 9 /) TOF 1980
210 FURMAT (/3Xs16HTOTAL BED LOAD =3F9+0s3Xs10HSUS LOAD =9F9.093Xs 25HTOF 1990
ITUTAL BED=MATERIAL LOAD =9F9+0, OH TONS/DAY) TOF 2000
220 FOKMAT (2XsFisa49F194293F1941) TOF 2010 l
END " TOF 2020
=TOF
SUBROUTINE SEDIN TOF 2030
COMMON /SED/ NSED s ID1ST y DM(20) s TOF 2040
1 Z1(20) y VF(20) s SNU s D65 TOF 2050 l
IF (IDIST.EQe0) GO TO 100 TOF 2060
NSED = 10 TOF 2070
READ 130s D50+SIGMA TOF 2080
CALL LOGNOR (DS0,SIGMA) . TOF 2090 '
60 TO 110 TOF 2100
100 READ 140s (DM(I)e1 = 14NSED) TOF 2110
READ 140y (ZI(I)sl = 1sNSED) TOF 2120
READ 140+ D65 TOF 2130
110 CONTINUE TOF 2140 '
c TOF 2150
c CALCULATE FALL VELOCITY USING RUBEY®S EQ. (SEE SIMONS&SENTURK) TOF 2160
c ' 10F 2170
DU 120 1 = 1yNSED TOF 2180
DM(I) = DM(L)/304,8 : TOF 2190
120 VF(I) = (SURT(2e/3e * 3242 % (2465 = 1,) # DM(I) # % 3, + 36+ * STOF 2200
INU # # 2,) = 6o % SNU)/DM(I) TOF 2210
RETURN A ~ TOF 2220
c TOF 2230
130 FORMAT (2F10.5) TOF 2240
140 FURMAT (10F844) TOF 2250
END TOF 2260
=TOF :
SUBROUTINE LOGNOR (D505SIGMA) : TOF 2270
CUMMON /SED/ NSED s IDIST s DM(20) » TOF 2280
1 21(20) s VF(20) s SNU y D65 TOF 2290
095 = D50 # SIGMA # # 1.645 TOF 2300
D90 = DSO @ SIGMA # # 1,285 : TOF 2310
DBO = D50 # SIGMA # # 04845 - TOF 2320
DIV = DSO # SIGMA # # 0.525 TOF 2330
P60 = D50 # SIGMA # # 0,255 TOF 2340
D40 = DS0/SIGMA # # 0,255 TOF 2350
D30 = D50/SIGMA #* # 0,525 TOF 2360 '
P20 = D50/5IGMA # & 0,845 TOF 2370
D10 = 050/SIGMA & # 1,285 TOF 2380
DUS = DS0/SIGMA # # 1,645 TOF 2390
DM(1) = SQRT(DUS # D1u) TOF 2400
OM(2) = SQRT(D10 # D20) TOF 2410 l
OM(3) = SQRT(D20 * D30) TOF 2420
DM(4) = SQRT(D30 # 060) ' , TOF 26430
DM(5) = SQR[(D40 # D50) ' TOF 2440
DM(6) = SQRT(DS0 * 060) TOF 2450 l
DM{7) = SOKI (D60 * D70) . TOF 2460
DM(B) = SQKT(DT0 * DBO) TOF 2470
DM(9) = SQRT (D8O # D90) TOF 2480
DM{10) = SWRT(DS0 # D95) TOF 2490
DO 1001 = 1910 TOF 2500
100 2I(I) = 0.1 TOF 2510
D65 = NS0 # SIGMA « # ,385 . TOF 2520
RE TURN e TOF 2530
END : g TOF 2540 l
=TOF S C :
SUBROUTINE TFIG4 (UlyU2,U3) . . . : TOF 2550
c ‘ TOF 2560
c THIS SUBROUTINE APPROXIMATES F1G.4 OF TOFFALETIS SAND DISCHARGE  TOF 2570
c COMPUTAT [ON A : TOF 2580
c : TOF 2590




“ 100

. 120

130
140

END

. U3X

UL = (U3X - c2) *
T ,

19

1F~ (UL T4500%7 60-TO 100~~~

CEF = 1,0
GO T0 110
CEF = 0.92
C = 21.9 + 9,7 # ALOGlO((UZ/SOo-) *
u3L 2.16 + 0,23 # C

U3R 3.32 ¢+ 0,23 # C

ALOG10(U3) - -l

IF (U3X.GT.U3R) G0 TO 120
IF (U3X.LT.U3L) 60 TO 130
Cl = = ({U3R = U3L)/2.) * & 2
c2 (U3R + U3L) /2,55 ‘

GO TO 140
uli = ¢

GO TO 140
Ul = (U3X = 2 17)/0 23
RETURN ¢

2/C1 + (1, + C). "

% CEF)
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PROGRAM TOFLTII
1 CINPUT»OUTPUT)

DEVELOPED

PURPOSE COMPUTATION OF SAND DISCHARGE IN RIVERS BY
TOFFALETIS METHOD

REFERENCE TOFFALETIs FRED Bes "DEFINITIVE COMPUTATIONS
OF SAND DISCHARGE IN RIVERSe" ASCE JOURNAL
OF THE HYDRAULICS DIVISIONs JAN.s 1969

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 FREE FORMAT,
“IS THE NUMBER OF SETS OF INPUT DATA TO BE ANALYZED B8Y TOFFALETIw®S

METHOOD.

NDATA

TOF10010
TOF10020
TOF10030
TOF10040
TOF10050
TOFI0060
TOFI0070
TOF10080
TOFI0090
TOFI0100
TOFI0110
TOFIo0l20
TOFI0130
TOFI0140
TOFI0150
TOFI0l60
TOFI0170
TOFI0180
TOF10190
TOFI0200
TOFI0210
TOF10220
TOF1v230
TOF10240
TOF10250
TO0F10260

THE SECOND AND THIRO CARDS CONTAINS THE VALUES OF IDIST AND ISED ITOF10270
FREE FORMAT,

IvIsT

ISED

THE SEDIMENT SIZE DISTRlBUTION TYPE

IF I0IST = 0 READ IN SEDIMENT PARTICLE SIZES AND
CORRESPONDING PERCENTAGES

IF (OIST = 1 A LOGNORMAL DISTRIBUTION IS ASSUMED
READ IN Db0 (MM) AND THE GRADATION COEFFICIENTS
SIGMA
FREQUENCY OF SEDIMENT DaTA INPUT PARAMETER

IF 1SED = 0 THE SAME SEOIMENT SIZE DISTRIBUTION IS
USED FOR ALL FLOW CONDITIONS BEING ANALYZED

IF 1SED = 1 A DIFFERENT SEDIMENT SIZE DISTRIBUTION
IS USED FOR EACH FLOW CONDITION

HYDRAULIC DATA

v = MEAN VELOCITY (FT/SEC)

HR = HYDRAULIC DEPTH (FT)

W = STREAM WIDTH (FT)

TOF = WATER TEMPERATURE (DEG, FAHRENHEILT)

Des = SEDIMENT PARTICLE SIZE FOR WHICH 65% OF THE SAMPLE

» IS FINER (#Mm)

S = FRICTION SLOPE

SNU = KINEMATIC VISCOSITY OF WATER (FT##2/SEC)

COMMON /SED/ NSED y IDIST sy DM(20) ’
1 21(20) y VF(20) v SNU sy D65
DIMENSION . GF (20) s BQL(20) s SQL(20) ’
1 FaL(20) sy SQLP(20)

COMPUTATION OF THE SEDIMENT LOAD (TONS/DAY) BY TOFFALETIS METHOO

PRINT 150

PRINT 160

READ

PRINT 170

READ

PRINT 180
“ READ -

vy NDATA

#y 1D1ST

#y ISED - o fuk

Figure 3. Interactive listing, Program TOFLTI.

TOF10280
TOF10290
TOF10300

TOF10310

TOF10320
TOF10330
TOF10340
TOF10350
TOF10360
TOF10370
TOF10380
TOF10390
TOF10400
TOF10410
TOF10420
TOFIV430
TOF10440
TOF10450
TOF10460
TOFI0470
TOF10480
TOFIV490
TOF10500
TOF10510
TOF10520
TOFI0530
TOFIV540
TOF10550
TOFIU560
TOFI0570
TOF 10580
TOFI10590
TOF10600
TOFI0610
TOF10620
TOF10630
TOF 10640
TOF10650
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' TTTT D0 140 TEDATA = OL§NDATA S T T T s s S e e e T OE 10660 -
. PRINT 190 TOF10670
READ %, V . TOF10680
PRINT 200 ' TOF10690
READ  #, HR : TOF1u700
’ PRINT 210 TOFI0710
READ #, w TOF10720
PRINT 220 : ~ TOFI0730 :
READ  #, TOF ’ ' .TOF10740 |
I PRINT 230 : TOFI0750 |
| READ #, S o : TOF10760 7
: PRINT 240 TOF10770
| READ  #, SnU : TOF10780 ;
~ IF (IDATA.GE.2.ANDJISED.EQ.q) GO TO 100 TOF10790 |
. CALL SEDIN . -TOF10800 |
100 CONTINUE L - . . TOF10810
“.. . PRINT 250 : ‘ , : TOF 10820
| © e PRINT 2609 IDATAvV9HR9N9TDF,D651$.SNU , . TOF10830
' C ‘ , - TOF10840
c STEP 1 : “-=-;”" S o ) o ~ TOF10850
R R S - TOF 10860 [
. D65 = 065/304 8 o 2 - TOFI0870 ;
G = 32,17 L - TOF10880 :
YA = HR/11.24 - . el - . -TOFI0890
' . ¥YB = HR/2.5 v , o : TOF10900
” - CZ = 260467 = 0,667 # TOF _ , T TOFI0910
(U0 v 81 2.8 # HR % CZ o U ’ TOF10920
l U2 = V/SQRT(G * D65 * S) L SRR TOF10930
- U3 =V # # 3/(G*% SNU*S) - : TOF10940
" CALL TFIG4 (UlsU2sU3) : - e TOF10950
VSP = V/ul Cee S - o TOF10960
CAM = 10e * vSP T . . o , TOFI0970
P =SNU # 10, # ¢ 5§ - S o TOF 10980
© PAM = P % % (14/3,)/AM : o ’ TOF10990
2 IV = 041198 + 0, 00048 # ToF AR . TOFI1000
CV = 1. 4 ZV . ) TOFI1010
(PAMuLE«0.5) AC = 9.86/(pAM) # # ]1,5] TOF11020
(PAMJLE+0.67cANDsPAMeGTa0e5) AC = 391 # PAM # # (,482 TOFI1030
(PAMLLE.0oT2.AND<PAMGEL0e67) AC = 338, * PAM # # 5,87 TOFI1040
(PAMJLEW1.2B¢ANDPAMeGTa0e72) AC = 49, - o TOF11050
(PAM GTele28) AC. = 2448 = PAM #* * 2,76 R TOFI1060
' T = PAM % S ¢ 065 ¢ 10. # * 5 STERURNE T i S . TOFl1ot0 ' |
e sl o ‘ _ - STLe TOF11080 |
w1 € 'CHECK POINT N - ‘ : : 2 TOF11090
. g i ‘ - fT N ET L TOFT1100
IF (FAC.LE.0.25) GO TO 110 o TOFIl110 ,
IF (FACsGT40¢25+AND«FACJLT+0035) ACOR = 5,08 # FAC * # 1,16 TOFIll20 - |
IF (FAC4GE40435) ACOR = 0,5/FAC * # 1405 S0 TOFIN30
AC = AC * ACOR . j Tt U TOFI11e0 |
' T IF (ACeLTe164) AC = 16, .ol . : TOFIl1150 |
l - 110 CCONTINUE 3. e o - L TOFI1160 |
S - TBAL = 0. R L D _ TOFIL 7O |
TSQL = 0. . 0 B _— TOF11180
TQL = 0. 70 ¢ T o , TOFI1190
O TSGLP = 0s R i o 5 TOFI11200
o DO 120 I = 1yNSED . IR P ST TOFI1210
¢ R o R P TOF11220
. C R -TOFI1230
¢ g RN TOFI1240
l , VF(I) *® y/SI o - TOFI11250
c T kT S L I TOFI11260
o '.cuecx POINT 0 R . - o TOF11270
c - ‘ ' . - : TOF11280
JIF (ZOMeLTe(leS # ZV)) 20M = 1.5 # ZV S TOFI1290
. 3L 200 = 04756 % Z0M S . TOFI1300
S Z0U = 1.5 % ZOM : L TOFI1310
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Fl = 2O = gy~ — -~ e TOF 11320
F2 = ZUM = zv TOFI1330

F3 = Z0U = zV TOF11340

Fé = le = F1 TOFI11350

FS = 1. = F2 TOF11360

F6 = 1o = F3 TOF11370

DD = 2. * DM(I) TOF11380

TP = 6 # (0,00158 + 0,0000028 # TDF) TOF11390

TC = 1.10 # 7P TOFI1400
TOFI1410

STEP 3 TOF116420
TOF11430

GF{I) = 0,600/(TC #* AC # DM(I)/(V # # 2 # 0,00058)) # * (STOFIL440

1 o/34) TOFI11450
TOF11460

STEP 4 TOFI1470
TOF11480

XC = F4 # GF{I)/(YA % & F4 = DD # * F4) TOF11490
“TOF11500

STEPS TOFI1510
TOF11520

C = ZI(I) # W * XC TOFI1530
TOF115640

STEP 6 TOFI1550
; : TOF11560
BRL(I) = C # DD » # Fg TOFI1570

UD = CV # V & (DD/HR) # # ZV TOF11580

UL = AC/(643,2 # UD # DD * # F1) TOF11590

- TOFI1600

CHECK POINT TOFI1610
TOF11620

IF (UBL#GT4100.) BAL(I) = BQL(I) # 100./UBL TOF11630
TOFI1640

COMPUTATION UF THE SEDIMENT LOAD TOFI11650
TOFI1660

STEP 7 TOFI1670
TOF11680

GA = GF(I) # ZI(I) # W TOFI1690
TOFI1700

STEP 8 TOFI1710
v TOFI1720

GB = C # YA ® # (F2 = F1) # (YB ® % F5 -~ YA # & F5)/F5  TOFI1730

. : TOF 11740

STEP 9 TOFI11750
TOFI1760

GC = C % YA ® # (F2 =F)) # YB® # (F3 =~ F2) # (HR # * F6TOFI1770

1 - Y3 ®* % F6)/F6 TOFI1780
TOFIL790

STEP 10 TOFI1800
TOFIL810

SOL(I) = GA + GB + GC TOFI1820
FAL(T) = SQL(I) + BAL(I) TOF11830
SQLP(I) = GB + GC TOF11840

TSQLP = TSQLP + SQLP(I) TOFI11850

TBAL = TBGL.+ BQL(I) TOFI1860

TSQL = TSQL + SQL (D) TOF11870

ToL = TQL + FAL(D) TOF11880

120 CONTINUE TOF11890
PRINT 270 TOF11900

DO 130 I = 14NSED - TOFI1910
DM{I) = DM{I) ¥ 304.8 TOFI1920

PRINT 290y OM(I)sZI(I)9BQLII)ySAL(I)+FQL(T) TOF11930

130 CONTINUE _ . o b TOFI1940
PRINT 280y TBOQLsTSULsTAL TOF11950
140 CONTINUE ’ TOFI11960
Sfop TOFI1970




[eNeNe]

cevec 21 92141) 9181 9NSED))

23

150 FORMAT (1H1//7/79Xs29HCOMPUTATION UF SAND DISCHARGE/14Xs22HBY TOFTOFI1990
1FALETIS METHUD //) TOF12000
160 FORMAT (////s 32H START INPyT DATA IN FREE FORMATs//y 39H ENTERTOFI2010
1 THE NUMBER OF SETS OF INPUT DATA) TOF12020
170 FORMAT (//s 43H SET SIZE DISTRIBUTION TYPEs IDIST = 0 OR 1s/s TOFI2030
1 o2H ENTER 0 IF THE SEUDIMENY SIZES AND PERCENTAGES DEFINING THETOF12040
2 44HSEDIMENT SIZE DISTRIBUTION ARE TO BE READ INe/» 59H TOFL2050

3ENTER 1 IF THE LUG-NORMAL SEDIMENT SIZE DISTRIBUTION IS » 1oHTOTOFI2060
4 8E EVALUATED ) . TOF12070
180 FORMAT (//y 46H ENTER 0 IF SEDIMENT DATA WILL NOT BE CHANGED + TOFI2080
133HFOR OIFFERENT HYDRAULIC CONDITIONs/s 57H ENTER 1 IF THE SEDITOFI2090
2MENT DATA ARE TO BE READ OR COMPUTED 28HFOR EACH HYDRAULIC COTOFI2lo00
3NDITION) TOFIZ21l10
190 FORMAT (/////7y 36H ENTER THE FOLLOWING HYDRAULIC DATA:e//» " TOF12120
1381 AVERAGE VELOCITY IN FEET PER SECOND) TOFI12130
200 FORMAT ( 27H - HYDRAULIC RApIUS IN FEET) TOFI2140
210 FORMAT ( 30H WATER SURFACE WIOTH IN FEED) TOF12150
220 FORMAT ( 39H WATER TEMPERATURE IN DEGe FAHRENHEIT) TOFI2160
230 FORMAT ( 28H ENERGY SLOPE IN FEET/FEET) TOFI2170
240 FORMAT ( 37H KINEMATIC VISCOSITY IN SQ.FT./SEC.) TOF12180
250 FORMAT (////7) TOFI2190
260 FORMAT (S5X94HSET »I5/5X92THAVERAGE VELOCITY sFl2.2y TOFI12200
1 7TH FT/SECs/79X92THHYDRAULIC DEPTH 9F124293H FT9/5Xs 2T0F12210
ZTHWATER SURFACE WIDTH 2F124293H FTe/SXe2THWATER TEMPERATURETOFI2220
3 1F124246H DEG Fs/5Xs  27HDOS yF1TOF12230
42439 3H MM /5X s 2THENERGY SLOPE 1Fl2.896H FT/FT9/5XTOF12240

Se2THKINEMATIC VISCOSITY sE12.2910H FTH##2/SEC/) TOF12250
270 FURMAT (3X913HSEDIMENT SIZEs8X,BHFRACTIONs10Xy8HBED LOADs 7Xs 14HSUSTOFI2260
1PENDED LOAD»SXs LOHTOTAL LOADs/6Xe4H(MM) 931X9 LOH(TONS/DAY) s 7Xs J0H(TTOF 12270

20NS/DAY) 39X 1OH (TONS/DAY) 5 /) TOF 12280
280 FORMAT (/3Xs16HTOTAL BED LOAD =sF9,053X+10HSUS LOAD =+sF9.0s3Xs 25HTOF[2290
1TUTAL BED~MATERIAL LOAD =9F9.0, OH TONS/DAY) TOF12300
290 FURMAT (2XsF8,4+sF19.2¢3F19.1) TOF12310
END , TOF 12320
SUBROUTINE SEDIN TOF 12330
CUMMON /SED/ NSED s IDIST v DM(20) s TOFI2340

1 Z1(20) s VF(20) » SNU s D65 10¥ 12350

IF (IDIST.EQ.0) GO TO 100 , TOF 12360
NSED = 10 ' ; TOF12370
PRINT 130 ~ TOF12380
READ  # DS0»SIGMA TOF12390
CALL LOGNOR (DS0sSIGMA) TOF12400

Gu TO 110 TOF12410

100 CUNTINUE TOF12420
PRINT 140 TOF 12430
READ  #5 NSED TOF12440
PRINT 150 TOF 12450
READ  #y (OM(I)sZI(I)sI = 1yNSED) TOF12460
PRINT 160. TOF 12470
READ  #y D65 ' ) TOF12480

110 CUNTINUE : \ TOF12490
TOF12500

CALCULATE FALL VELOCITY USING RUBEY®S EW.(SEE SIMONS&SENTURK) TOFI2510

: : T0F 12520

00 120 I = 1yNSED TOF12530
DM(I) = LM(I)/304.8 TOF 12540

120 VF(I) = (SURT(2./3, # 32.2 * (2.65 = 1.} # OM(I) # # 3, + 36, # STOFI2550
INU & # 24) = 6, % SNU)/OM(I) TOF 12560

RE FURN TOF12570
S " TOF12580

130 FORMAT(//55H IDIST=1 ENTER THE MEDIAN BED MATERIAL SIZE»DS50 IN MMyTOF12590
1932H  AND THE GRADATION COEFFICLENT) , TOF 12600
140 FURMAT (//y 4BH IDIST=0 ENTER THE FOLLOWING BED MATERIAL: DATA: »//TOFI2610
1y 42H  NUMBER UF SEDIMENT SIZE FRACTIONSs NSED) TOF12620

150 FOURMAT ( 36H GEOQ MEAN SIZE IN MM REPRESENTING s S9HTHE ITH FRACTTOFIZ2630
LIUN AND THe PERCENT WEIGH! OF

Soerel oy wlhe N o ST e Ag,;_,»uvTOF12650

THE "ITH FRAC110Ne/e  30n ~— 77 (UM(1TOF12640 -

4




OO0

160

100

100
110

120

130

140

24

FORMAT ( 36H THE 65% FINER DIAMETER IN MM, 065)
ENU -
SUBROUTINE LOGNOR (U504SIGMA)

COMMON /SED/ NSED s IDIST y OM(20) ’
21(20) s VF (20) i SNU sy 065

D95 = D50 # SIGMA # # ],645

D90 = D50 # SIGMA # # 1,285

D8O = D50 # SIGMA # # 0,845

D70 = DS0 # SIGMA » # 0,525

DoU = D50 # SIGMA # # 0,255

D40 = DSO/SIGMA # ¥ 0,255

D3V = DSO/SIGMA # % 0,525 ﬁ

D20 = DS0/SIGMA # # 0,845

D10 = D50/SIGMA # # 1,285

DUS = D50/SIGMA # # ] ,645

DM(1) = SQRT(DOS #* D10)

oM{2) = SGRT(D1Q # D20)

DM(3) = SERT{(D20 # D30)

OM(4) = SQRT(D30 # D40)

DM(D) = SQRT(D40 # D50)

om{6) = SORT(D50 # De0)

OM(7) = SART (D60 * D70)

DM (8) = SERY(DT70 # D8O)

DM (9) = SGRT(D8O * 0Y0)

OM{10}) = SQART{090 *# DI9S)
DO 100 I = 1510

2I(1) = 0.1

065 = D6O # SIGMA # # ,385
RETURN

END

SUBROUTINE TFIG4 (UlsU2,U3)

THIS SUBROUTINE APPROXIMATES F3G.4 OF TOFFALETIS SAND DISCHARGE

CUMPUTATION
IF {U2.,LT,500.) GO TO 100
CEF = 1.0
G0 TO 110
CEF = 0,92 v
C = 21.9 + 9.7 % ALOG1O((UR/S00s) # # CEF)
UL = 2.16 + 0,23 » C
U3R = 3,32 + 0.23 * C
U3X = ALOGLO(U3)

IF (U3XeGTLU3R) GO TOQ 120

IF (U3X.LT,U3L) GO TO 130

Cl = = ({u3R = U3L)/2.) #* # 2
C2 = (U3R + U3L}/2.

Ul (U3X = C2) . % # 2/Cl + (1, + C) '
GO TO 140 !
Ul = ¢

GO 70 140

Ul = (U3X =~ 2.,17)/0.23

RETURN .

END

TOF 12660
TOFI2670
TOF12680
TOF12690
TOF12700
TOFI2710
TOF12720
TOF12730
TOFI12740
TOF12750
TOF12760
TOF12770
TOF12780
TOFI12790
TOF 12800
TOF12810
TOF 12820
TOF12830
TOF 12840
TOF 12850
TOF 12860
TOF12870
TOF 12880
TOF12890
TOF12900
TOF12910
TOF12920
TOF12930
TOF12940
TOF12950
TOF12960
TOF12970
TOF12980
TOF12990
TOF13000
TOF13010
TOF13020
TOF13030
TOF13040
TOFI13050
TOF13060
TOF13070
TOF13080
TOFI3090
TOF13100
TOF13110
TOF13120
TOF13130
TOFI13140
TOFI3150
TOF13160
TOFI3170
TOF13180
TOF13190







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;

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

Water Resources Publications, Fort Collins, Colorado, 1977.
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

U,
log C = 5.435 - 0.286 log ‘”:)—d - 0.457 log —
U vV s
wd * vs  Ver
+ (1.799 - 0.409 log & - 0.314 log —) log (= —

where C 1is the sediment concentration by weight, w is the fall

velocity of median sediment particle, d is the particle diameter,

I .




v 1is the kinematic viscosity, U is the shear velocity, VS is

%
the unit stream power, V is the velocity, S is the energy slope,

Vcr is the average critical velocity at incipient motionm.

Range of Quantities: Unlimited within physical reason

Accuracy: N/A

Dimension System: English, except input sediment diameter is in mm.

METHODS: The program is written in both batch and time-share models
in Fortramn IV.

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.
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 (mm), energy slope of river (ft/ft),
kinematic viscosity of wéter (ftz/sec). Output includes the input
data and total sediment concentration and discharge.

ADDITIONAL REMARKS: This method often underestimates the sediment

concentration.




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,il973.
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.

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 (Vcr) at incipient motion and the shear velocity (U*) are




6.

determined. These values are then used in Yang's equation.

U,
log C = 5.435 ~ 0.286 log %?-— 0.457 log -
U S
wd * VS cr
+ (1.799 - 0.409 log > 0.314 log w) log (W - )

The sediment concentration by weight is obtained by taking the
antilog of the previously obtained value. If the mean velocity
is less than the critical velocity, the concentration is zero.

Sediment discharge is found by

QS =C x 10_6 xVxDxWxK
where K 1is a conversion factor from ft3/sec of sediment dis-

charge to tons per day (K = 62.4 x 43.2).

ACCURACY: N/A




PART II: COMPUTER FUNCTIONAL DESCRIPTION

1. REVISION LOG: N/A

2. FUNCTION FLOW CHART: See Figure 1

3. EQUIPMENT AND OPERATING SYSTEM: The pgoram was developed on a CDC
Cyber 172. Normal configuration of CPU, reader and printer are
necessary to run the program in batch mode.

4., TINPUT REQUIREMENTS: The program is written for either batch or time-

share modes. 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

input variables:

NAME DESCRIPTION FORMAT

NDATA Number of data sets I5 Card 1

v Mean velocity Fl10.2

D Hydraulic depth F10.2

W Stream width F10.2 Card 2, 3,
..., NDATA

DM Median sediment diameter F10.3

S Energy slope of stream F10.7

SNU Kinematic viscosity of water E10.3

7. SUMMARY OF REQUIRED INPUT CARDS: (See 6)

8. OUTPUT: Printed output generated by the program includes the input
data and the sediment concentration and discharge.

9. OPERATOR INSTRUCTIONS: None

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

improper input data.
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11. VARIABLE DEFINITIONS:
CS - Sediment concentration by weight (ppm)
CT - Log of CS
D - Hydraulic depth (ft)
DM ~ Median bed material size (mm)
NDATA - Number of data sets
Q - Water discharge (cfs)
Qs - Sediment discharge (tons/day)
REY - Reynolds number using shear velocity

REYP - Particle Reynolds number using fall velocity

S ~ Energy slope (ft/ft)
SNU ~ Kinematic viscosity of water (ftZ/sec)
Us — Shear velocity divided by fall velocity

USTAR - Shear velocity (ft/sec)

\Y - Mean velocity (ft/sec)

VCROVF - Critical velocity at incipient motion divided by fall
velocity

VF - Fall velocity (ft/sec)

VSW - Dimensionless effective unit stream power

W - Stream width (ft)

12. EXAMPLE CASE:

a) Batch mode

COMPUTATION OF -TOTAL SEDIMENT IISCHARGE
BY YANGS METHOD

SET 1

o EE BN N B GBI B BN B B B BE B B B B e

MEAN VELOCITY ' ’ 6463FT/SEC/ HYDRAULIC DERTH 2.50 F
STREAM WIDTH ’ 170,00 FT

MEDIAN SEDIMENT DIAMETER +A95 MM

ENERGY SLOFE +0010500 FT/FT

KINEMATIC VISCOSITY +106E-04 FTXX2/8EC



b)

| TOTAL SEDIMENT CONCENTRATION = . 1702

. TOTAL SERIMENT DISCHARGE . . =

+040 CP SECONDS EXECUTION TIME

Interactive mode

COMPUTATION OF TOTAL SEDIMENT DISCHARGE
EY YANGS METHON

START INPUT DATA IN FREE FORMAT

ENTER THE NUMBER OF SETS OF INFUT DATA

71

-3

3

ENTER THE FOLLOWING HYDRAULIC DATA?

AVERAGE VELOCITY IN FEET FER SECOND
6463

HYDRAULIC DEFTH IN FEET

2.5

STREAM WIDTH IN FEET

170.

ENERGY SILLOFE IN FEET/FEET

+00109

KINEMATIC VISCOSITY IN SQ.FT./SEC.
20000106

MELIAN RED MATERIAL SIZE IN MM
495 ’

SET 1
MEAN VELOCITY . 6463
HYDRAULIC DEFTH 2.50
STREAM WIDTH 170,00
MEDIAN SEDIMENT DIAMETER 493
ENERGY SLOFE + 0010500
KINEMATIC VISCOSITY +104E-04
TOTAL SEDIMENT CONCENTRATION = 1702,
TOTAL SEDIMENT DISCHARGE = 12928,

+064 CF SECONDS EXECUTION TIME

+ FEM BY WEIGHT
L 12928, TONS/DAY

FT/SEC

FT

FT

MM

FT/FT
FTX%2/SEC

FFM BY WEIGHT
TONS/DAY




13. JOB PROCESSING TIME
To compile: 0.9 cpu sec
To execute: 0.04 cpu sec (batch)

0.064 cpu sec (interactive)




(_ PROCRAM YANG )

Y
DATA INPUT:

NDATA, V, D, W, DM, S, SNU

| PRINT INPUT |

i

CALCULATE HYDRAULIC
PARAMETERS IN YANG'S EQUATION

Y
IF V IS LESS THAN CRITICAL V

AT INCIPIENT MOTION SET QS =0

Y ;
CALCULATE SEDIMENT

CONCENTRATION AND
TRANSPORT RATE

-
-

PRINT OUTPUT

END

Figure 1. Flow chart of program YANG.




OO0 0000
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PROGRAM YANG . e YAN 0010
1CINPUTSOQUTPUT) . } ‘ T YAN 0020
YAN 0030
DEVELOPED YAN 0040
YAN 0050
PURPOSE COMPUTATION oF SEDIMENT DISCHARGE IN YAN 0060
RIVERS By YANGS METHOD YAN 9070
YAN 0080
REFERENCE YANGy CoeTee nwINCIPIENT MOTION AND SEDIMENT YAN 0090
TRANSPORT s ASCE JOURNAL OF THE HYDRAULICS YAN 0100
DIVISIONy OCTes 1973 YAN 0110
AND YAN 0120
YANGe CaTes oMINIMUM UNIT STREAM POWER YAN 0130
AND FLUVIAL HYDRAULICSs! ASCE JOURNAL OF YAN 0140
THE HYDRAULICS DIVISIONs JULY,s 1976 YAN 0150
YAN 0160
CORE USAGE YAN Q170
YAN U180
COMPILATION 1IME APPROXIMATELY 0.9 SEC YAN 0190
YAN 0200
CENTRAL PRUCESSOR YAN 02190
TIME FOR ONE SET : YAN 0220
Of DATA LESS THAN 0,03 SEC YAN 0230
. YAN 0240
INPUT DATA YAN 0250
' YAN 0260
THE FIRST CARD CONTAINS THE VALUE OF NDATA IN FORMAT IS. YAN 0270
NUATA = NUMBER OF DATA SETS TO BE ANALYZED YAN 0280
YAN 0290
THE SECOND AND SUCCEEDING CARDs CONTAIN THE HYDRAULIC AND YAN 0300
SEDIMENT DATA SETS IN THE FOLLOWING FURMAT:S YAN 0310
(3F10e29F1l0e39F1l0679E10.3) YAN 0320
v = MEAN VELOCITY (Ff/SEC) . YAN 0330
0 = HYDRAULIC DEPTH (FT) YAN 0340
W = STREAM WIDTH (FT) YAN 0350
DM = MEDLAN SEDIMENT DIAMETER (MM) YAN 0360
S = ENERGY SLOPE OF STREAM (FT/FT) YAN 0370
SNU = KINEMATIC VISCOSITY OF WATER (FT##2/S€EC) YAN 03890
. ’ YAN 0390
PRINT 140 YAN 0400
READ 1509 nNDATA YAN 0410
DU 130 I = 1yNDATA YAN 0420
READ 160y VeDewoOMeSySNU YAN 0430
PRINT 1709 I9oVeDoenweDMeSeSNU YAN 0440
DM = DM/3V4.8 ‘ YAN 0450
VF = (SWRT(2./3. % 32,2 # 1,65 # DM # # 3, + 36, #% SNU & & 2,YAN 0460
1 ) = 6+ * SNU)/DM YAN 0470
USTAR = SWRT (32,2 % D # S) YAN 0480
REY = USTAR # DM/SNU YAN 0490
VCROVF = 2405 N YAN 0500
IF (REYJLTe704) VCROVF = 2.6/ (ALOGIO(REY) = (0e06) + 0,66 YAN 0510
IF (VCROVF+LTe0s) VCROVF = o YAN 0520
REYP = VF # DM/SNU . YAN 0530
US = USTAR/VF " YAN 0540
VSW = S5 # (V/VF = VCROVF) YAN 0550
IF (VSW.GT.0.) GO YO 100 YAN 0560
CS = (. YAN 0570
G0 TO 110 YAN 0530
100 CT = 5,435 = 0,286 # ALOGIO(REYP) = 0,457 # ALOGlO(US) + (1.799YAN 0590
1 = 0,409 # ALOGLO(REYP) = 0,314 # ALOGlO(US)) # ALOGLO(VSW) YAN 0600
€S = 10, % # CT" .- YAN 0610
60 TO 120 : S YAN 0620
110 €S = 0. e S YAN 0630
120 Q=y#*pD*w : : YAN 0640
WS = CS # le€ = 6 % Q@ #* 62,4 * 43,2 YAN 0650

Figure 2. Batch listing, Program YANG.
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T PRINT 1809 cs.os—“~ e s e W L S S YAN
130 CONTINUE " T YAN
sToP . R g . SR YAN
YAN
140 FORMAT (1H1///y 41H COMPUTATIQN OF TOTAL SEDIMENT DISLHARGE,/, 17YAN
1H  BY YANGS METHODs//) . YAN
150 FORMAT (I5) e - YAN
160 FORMAT (3F10425F10+3+F10e74£10,3) ' YAN
170 FORMAT (5X»4HSET »15/95Xs25HMEAN VELOCITY +»F12.29y 1YAN
1 THFT/SEC/+54925HHYDRAULIC DEPTH yF12.203H FT/95X925HSTREYAN
2aM WIDTH s Fl2.2,3H FT/95X,25HMEDIAN SEDIMENT DIAMETYAN
3ER » - F12.3+43H MM/ 95X 925HENERGY SLOPE sF12.796H FT/FTYAN
4/9  SXs2S5HKINEMATIC VISCOSITY vE12.3910H FT#82/SEC//) . YAN
180 FORMAT (2Xs3UHTOTAL SEDIMENT CONCENTRATION =sF10.0514H PPM BY WEIGYAN
IHT/2Xs30HTOTAL SEDIMENT DISCHARGE =9F10,0994 TONS/DAY///): - YAN

END . : o

YAN

£

0810°

0660

0670’
0680
0690
0700
0710
0720
0730
0740 .
0750 .
0760 . -
0770 -
0780 i
0790 :
0800
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PROGRAM YANGI YANIQO10
1 CINPUT, OUTPUT) YANIOUZ20
C YANI0030
c DEVELOPED YANIQO4OQ |
¢ YANI0050 |
(% PURPOSE COMPUTATION of SEDIMENT DISCHARGE IN YAN10060
c RIVERS BY YANGS METHOD YANIQO70
c YANIOQOBO I
c REFERENCE YANGy CoeTey #INCIPIENT MOTION AND SEDIMENT YANI0090
c TRANSPORT " ASCE JOURNAL OF THE HYDRAULICS YANIO100
% DIVISIONy OCTes 1973 YANIO110
c AND YANIOL20
c YANGy CoTos WMINIMUM UNIT STREAM POWER YANIO130
C AND FLUVIAL HYDRAULICS+" ASCE JOURNAL OF YANIO140
C THE HYDRAULICS DIVISIONy JULYs 1976 YANIO1S0
c YANIO160
c CORE USAGE YANIQ170 '
C YANIO180
c COMPILATION TIME  APPROXIMATELY 0.9 SEC YANIO190
c _ ' YANIO200 |
c CENTRAL PROCESSOR - YANIQ210 |
c TIME FOR ONE SET : YANIO0220 I
c OF DATA LESS THAN 0,03 SEC YANIQ230
(o : YANI0240
c INPUT DATA YANIQ250
c . YANI0260 l
c THE FIRST CARD CONTAINS THE VALUE OF NDATA IN FREE FORMAT. YANI0270
C NUATA = NUMBER OF DATA SETS TO HE ANALYZED © YAN10280
c YANIOZ290
c THE SECOND AND SUCCEEDING CARDS CONTAIN THE HYDRAULIC AND YANI0300
c SEDIMENT DATA SETS IN FREE FORMAT YANIO310
c v = MEAN VELOCITY (FT/SEC) YANIQ320
c ()] = HYDRAULIC DEPTH (FT) . YANI0330
C W = STREAM WIDTH (FT) YANI0340
c DM = MEDIAN SEDIMENT DIAMETER (MM) YAN10350
c s = ENERGY SLOPE OF STREAM (FT/FT) ‘ YANIO0360 I
C SNU = KINEMATIC VISCOSITY OF WwATER (FT##2/SEC) YANIO370
c YANIO0380
PRINT 140 YANI0390
PRINT 150 _ YANIO400
READ  *, NDATA YANIG410
DO 130 I = 1sNDATA YANT 0420
PRINT 160 YANI0430
READ  #, V YANIO440
PRINT 170 YANIV4S50 |
READ , #, D ) YANIG460 |
PRINT 180 , v YANIO4T0 3
READ  #, W | YANIQG480
PRINT 190 ’ YANIO0490 |
READ #, § YANI0500
PRINT 200 : YANIO510
READ  #, SNU. YANI0520
PRINT 210 YANI0530
READ  #, DM YANI0540 l
PRINT 2209 IsVsDswsDMsSySNU YANI0550
OM = DM/304,.8 YANIO0560
VF = (SQRT(24/3. % 32,2 * 1,65 % DM # # 3, + 36, & SNU # ¢ 2,YANIOS570
1 ) = 64 % SNUI/ZOM ;| YANIUS580 l
USTAR = SURT(32.,2 % D #* §) YANIO590
REY = USTAR # DM/SNU - R YANL1U600
VCROVF = 2,05 : .o . YANIO610
IF (REYsLTo70e) VCROVF = 2.5/ (ALOGIO(REY) = 0.06) + 0.66 YANI0620
IF (VCRUVFLT40e) VCROVF = Qo YAN10630 I
REYP = VF # DM/SNU : YANIOb4O
US = USTAR/VF YANIU650
Figure 3. Interactive listing, Program YANG. l
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VSW = & * (V/VF -~ VCROVF) : T T YART0660 -

IF (VS5WeGTe0e) GO TO 100 YANIQ670 . |
€S = v. ) YANI0680
GO TO 110 ' © YANI0690
100 CT = 5,435 = 0,286 ¥ ALOGIO(REYP) = 0,457 # ALOGlO(US) + (1.799YANIQTO0
1 = 04409 # ALOGIU(REYP) = 0,314 * ALOGIO(US)) # ALOGLIO{(VSW) YANIO710
CS = 10, # * CT YANIQ720
GO TO 120 YANIQ730
110 CS = 0. YAN1UQT740
120 @ =Vv e W : YANIOT50
QS = CS # 14€ = 6 % Q % 62.4 * 43,2 YANIOT760
PRINT 230y CS»QS YANIQT770
130 CONTINUE YANIOT780
Siop YANIUT90
YANIOBOO
140 FORMAT (1HL1///s 41H COMPUTATION -OF TOTAL SEDIMENT DISCHARGEs/s 22YANIOB10
1H BY YANGS METHODy//) YANI0820
150 FOURMAT (///9 32H START INPUT DATA IN FREE FORMATe//s 39H ENTER THEYANI0830
1 NUMBER OF SETS OF INPUT DATA) YANI0840
160 FURMAT (////7/y 36H ENTER 1HE FOLLOWING HYDRAULIC DATA!s//94 38H YANIO850
1AVERAGE VELOCITY [N FEET PER SECOND) YANI0860
170 FURMAT ( 26H HYURAULIC DEPTH IN FEET) YANI0870
180 FORMAT ( 23H STREAM WIDTH IN FEET) YAN10880
190 FORMAT ( 28H ENERGY SLOPE IN FEET/FEET) YANIOB90
200 FORMAT ( 37H KINEMATIC VISCOSITY 1IN SQeFTe/SECe) YANIU900
210 FORMAT ( 33H MEDIAN BED MATERIAL SIZE IN MM) YANIVG1D
220 FURMAT (//5X94HSET 915/95X925HMEAN VELOCITY sF1l24297H FYANIU920
1T/SEC/ 95Xy 25HHYDRAULIC DEPTH 9F12e293H FT/95X925rSTREAM WYANI0S330
2iorn - -3F12.293H FT/ 45Xy 25HMENDIAN SEDIMENT DIAMETER +F12YANI0940

3e393H MM/ 95X 25HENERGY SLOPE

1F12e796H FT/FT/ 95X 25HKIYANIOO50

4NEMATIC VISCUSITY 2E12.3910H FT#%2/5£C/7) YANIO960
230 FORMAT (2Xy30HTOTAL SEDIMENT CONCENTRATION =9F10+0914H PPM BY WEIGYANIU970

1HT/2X930HTOTAL SEDIMENT DISCHARGE =9F104099H TONS/DAY///) YANI Q98U

EnD YANI0990 -






