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1. INTRODUCTION 

Program MODEIN2 computes the total sediment load and its size 

distribution in sandbed channels. The procedure used is the Modified 

Einstein Procedure (MEP) developed by the U.S. Geological Survey [1] and 

the U.S. Bureau of Reclamation [2,3]. Essentially, the MEP is based on 

the direct measurement of hydraulic quantities, bed-material size and 

the suspended load (except within a small distance near the bed) in an 

alluvial channel. The procedure extrapolates the sediment discharge in 

the unmeasured zone, thus calculating the total sediment load. The MEP 

has the same phenomenological structure as Einstein's Bed-Load function 

[4] with some modifications in the empirical components. 

The sediment load computation by the MEP is more accurate than by 

other computational methods, mainly because the MEP is based on the 

direct measurement of the hydraulic and sediment transport quantities. 

This is especially true in sandbed channels where a large proportion of 

the total sediment load is transported in the sampled zone and is 

actually measured. The MEP is only applicable where the basic hydraulic 

and sedimentation parameters have been measured in the field. 

2. MAIN FEATURES OF MODEIN2 

Program MODEIN2 basically follows the computational procedure 

outlined in reference (2). However, in order to make the program more 

reliable, two additional features have been included: 

1) The calculation of the Rouse number for fractions other than 

the reference size is based on the correction suggested on reference (3). 

2) The integral functions that are used in the procedure are 

evaluated by using the algorithm developed by Li (5). The method con­

sists of expanding the integral functions in the form of power series. 
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With this approach, the computer time is considerably reduced, and the 

desired degree of accuracy can be selected by the user to satisfy the 

needs of a particular problem. In the analysis of several test runs 

with different values of the convergence parameter CONY, a value of 

CONY=O.Ol has generally been found to satisfy both accuracy and computer 

time requirements. 

3. INPUT-OUTPUT DESCRIPTION 

MODEIN2 can be set up to read and analyze as many runs as needed. 

For each series of runs analyzed at one time, the program provides an 

option to use either the 1:2 ratio sieve sizes in reference [2] or any 

other series specified by the user. 

The output can be limited to the sedimentation quantities related 

to total load, or extended to print additional hydraulic parameters and 

intermediate computational values. 

Details of input-output controls follow: 

A) NUMBER OF SETS CARD. This is the first card in the input 

record and contains the value of NDATA in format IS. NDATA is the 

number of sets to be analyzed at one time. Each set of input data 

consists of a group of variables related to one observation, as detailed 

below. It should be emphasized that one observation may relate to the 

computation of the sediment load in the whole of the cross section or 

the load in a subsection or a vertical, as the case may be. 

This first card is to be followed by the individual sets of input 

data, each consisting of the following. 

B-1) GENERAL DATA CARDS. Two cards should be used for the input 

of the general data (13 variables in format 8FlO.O). 
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The following names are used for the variables: 

VARIABLES 

Water Discharge 
Average Velocity 
Hydraulic Depth 
Water Surface Width 
Area of Cross-Section 
Temperature 
Kinematic Viscosity 
65 Percent Finer Diameter 

for Bed Material 
35 Percent Finer Diameter 

for Bed Material 
Average Concentration 
Sampled Suspended Load 
Portion of Depth Not Sampled 
Average Depth of Sampling 

FORTRAN NAME 

DISCH 
UAVE 
DEPTH 
W 
AREA 
TEMP 
XNU 

D65 

D35 
CONC 
QSM 
DN 
DS 

UNITS 

cu ft per sec 
ft per sec 
ft 
ft 
sq ft 
OF 
sq ft per sec 

ft 

ft 
ppm 
tons per day 
ft 
ft 

B-2) INPUT-OUTPUT OPTIONS CARD. The values of JIN and JOUT should 

be punched in format 211 according to the following options: 

JIN: Selects the number and range in the size fractions that will 

be analyzed. ND is the number of fractions. The following options can 

be used: 

JIN=l The size fractions utilized in reference (2) will be used. 

In this case, the first two size fractions will be used and the third 

one deleted, hence resulting in ND=lO 

JIN=2 The size fractions mentioned in reference (2) will also be 

used, but the first two size fractions will be deleted and the third 

one used instead, resulting in ND=9. 

JIN=3 The user has the option of specifying the number and range 

of the size fractions to be computed, up to nine fractions. If this 

option is chosen, then ND should be read immediately after the input-

output card, in format II. Also, changes in the data arrays should be 

made, as will be detailed below (see B-3). 

JOUT: Selects the type of output desired. The following options 

can be used for JOUT: 
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JOUT=l In this case, the output will consist of the general data, 

the check on convergence of Z prime and the final results in 20 columns, 

as follows: 

1) Geometric mean diameter, in ft 
2) PSI 
3) PHI shear 
4) Percentage of bed material in size fraction 
5) Bed load transport, in tons/day 
6) Percentage of suspended load in size fraction 
7) Sampled transport in size fraction 
8) Multipliers 
9) A prime values 

10) A double prime values 
11) Geometric mean diameter, in ft 
12) J-one prime 
13) J-two prime 
14) J-one double prime 
IS) J-two double prime 
16) Product of J's 
17) I-one double prime 
18) I-two double prime 
19) Product of Its 
20) Computed load, in tons/day 

JOUT=2 Only columns 1, 4, 5, 6 ana 20 will be printed and the rest 

will be omitted. Additionally, the lower and upper limits of the size 

fraction range, in mm, DRL(J) and DRU(J), will be printed on the left 

side of the five previously mentioned columns. 

B-3) DATA ARRAYS CARDS. The number of cards and the input depends 

on the value of JIN. 

JIN=l Ten cards are required in this case, each containing both 

the values of the fraction of bed material FB(J) and the fraction of 

suspended load FS(J) punched in format 2FlO.0, for each particular size 

range. 

JIN=2 The input consists of nine cards with the same information 

as in JIN=l punched in format 2FlO.0. 

JIN=3 In addition to the percentages FB(J) and FS(J), the range of 

the computational size fractions should be specified. Hence, DRL(ND), 
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DRU(ND), FB(ND) and FS(ND) should be punched in format 4FlO.O, being 

DRL(J) and DRU(J) the lower and upper limits of each particular size 

fraction range in mm respectively. Note that size fractions should be 

punched in the order of increasing size. 

A sequence of three runs is illustrated for the following job setup. 

Different integer selections for JIN and JOUT have been used for illus­

tration. The corresponding output follows the data card assembly 

example. 
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4. FORTRAN NAMES FOR INPUT AND OUTPUT VARIABLES 

INPUT 

Water discharge 
Average velocity 
Hydraulic depth 
Water surface width 
Area 
Temperature 
Kinematic viscosity 
65 percent finer diameter for bed-material 
35 percent finer diameter for bed-material 
Average concentration 
Sampled suspended load 
Portion of depth not sampled 
Average depth of sampling 

OUTPUT 

Geometric mean diameter, in ft 
PSI 
PHI shear 
Percentage of bed-material in size fraction 
Bed-load transport, in tons/day 
Percentage of suspended load in size fraction 
Sampled transport in size fraction 
Multipliers 
Z prime values 
A double prime values 
Geometric mean diameter, in ft 
J-one prime 
J-two prime 
J-one double prime 
J-two double prime 
Product of J's 
I-one double prime 
I-two double prime 
Product of I's 
Computed load, in tons/day 
Trial Z 
Real Qs' 
Computed Qs' 
Difference of real and computed Qs' 
Settling velocity 
Total bed load 
Total suspended bed material load 
Total bed material load 

DISCH 
UAVE 
DEPTH 
W 
AREA 
TEMP 
XNU 
065 
035 
CONC 
QSM 
ON 
OS 

D(J) 
PSI(J) 
PHISH(J) 
FB(J) 
XIBQB(J) 
FS(J) 
QSP(J) 
XMULT(J) 
ZP(J) 
APP (J) 
D(J) 
COL16(J) 
COL17 (J) 
COL18(J) 
COL19(J) 
COL20(J) 
COL2l(J) 
COL22(J) 
COL23(J) 
FQL(J) 
ZTRY 
RQSP 
CRQSP 
DCRQ 
VS(J) 
TBL 
TSL 
TQL 
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5. EXAMPLES 
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COMPUTATION OF TOTAL SEDIMENT LOAD BY THE MODIFIED EINSTEIN PROCEDURE 

DATA INPUT 

SET 1 
WATER DISCHARGE 
AVERAGE VELOCITY 
HYDRAULIC DEPTH 
WATER SURFACE WIDTH 
AREA 
TEMPERATURE 
KINE~ATIC VISCOSITY 
D6~ 
035 
AVERAGE CONCENTRATION 
SAMPLED SU~PENDED LOAD 
PORTION OF OEPIH NOT SAMPLED 
AVERAC,E OEPTH AT SAMPLING 

230.00 C.F.S. 
2.08 FT./SEC. 
.~8 FT. 

113 .• 00 FT. 
111.00 SQ.FT. 
64.00 DfG.FAHREN. 

.0000114 SQ.FT./SEC. 
.0010~O FT. 
.0007~O FT. 

t:?6t!.00 t:>PM. 
163.0000 TONS/DAY 

.30 FT. 
1.le FT. 

CONVERGENCE OF SUHROUTINE ZPCOM IS CHECKED BY PRINTING OUT VALUES INVOLVED 

ITER. ZTRY RQSP C~(~SP OCRQ 
1 .80531 6.19554 4.99~02 -1.800!:)2 

2 .15340 6.19554 7.08348 .i::!8794 

3 .1!:)964 6.79554 6.79184 -.00310 

ITER. LTRY HUSP CRQSP OCRQ 

1 1.19938 .43415 .43221 -.fJ0248 

ITER. ZTRY Rc.tSP CRQSP OCRQ 

1 1.26422 .27654 .J!:)9c5 .08211 

2 1.31135 .21654 .28385 .00131 

3 1.31664 .27654 .27645 -.00009 

ARRAYS ZP AND VS BEFORE LEAST SQUARE FIT 

J ZP(J) VS(J) 

3 .1!:)9643 .06"/624 
4 1.1'19380 • 15t:?040 
5 1.31664+4 .25t:i550 

ARRAYS ZP AND VS AFTEH LEAST SQUARE FIT 

<:.0 



..J L~(..JI V!:l'..J' 

1 .08454$3 .000348 
2 .476953 .020833 
3 .184643 .061624 
4 1.10~Hn .15~040 
5 1.3~3333 .2!::>BS50 
6 1.&47201 .390128 
7 1.92&191 .56S119 
8 2.23bO~3 .806127 
9 2.S944C1 1.144244 

J D(J) PSl(J) PHI~H(J) FB(J) XIBQB(J) FS(J) QSP(J) XMULT(J) ZP(J) APP(J) 
1 .000037 5.4d9 .51128 0.000 0.000 .220 28.292 0.000 .085 .000075 2 .000290 5.4d9 .51128 0.000 0.000 .250 32.150 0.000 .417 .000592 3 .000580 5.489 .51128 .;jf:S0 1.948 .420 54.012 0.000 .785 .001184 4 .001160 ~.4d9 .::11 12d .~OO 29.!:)f:S0 .100 12.860 0.000 1.105 .002367 5 .002320 6.791 .2d418 .O~O 4.b~0 .010 1.286 0.000 1.383 .004734 (, .004640 IJ.5d2 .02402 .010 .222 0.000 0.000 0.000 1.641 .009469 7 .009280 21.163 .00010 .010 .003 0.000 0.000 0.000 1.926 .018938 8 .01A5~9 54.327 .00000 0.000 0.000 0.000 0.000 0.000 2.238 .037876 ..... 
9 .037118 10d.6~4 .00000 0.000 0.000 0.000 0.000 0.000 2.594 • 015752 0 

J D(J) COLI6(J) COLI7(J) COLIBeJ) COLI9(J) COL20'J) COL21(J) COL22(J) COL23CJ' COMP.LOAD 
1 .000037 .7t!.9 -.416 1.0t!.8 -1.162 1.332 0.000 0.000 0.000 37.6784 2 .000290 .638 -.458 1.483 -;j.0~7 2.011 0.000 0.000 0.000 64.6693 3 .000580 0.000 0.000 0.000 0.000 0.000 2.641 -7.964 21.234 168.1123 4 .0011&0 0.000 0.000 0.000 0.000 0.000 .831 -3.085 6.792 200.9057 5 .002320 0.000 0.000 0.000 0.000 0.000 .439 -1.664 4.025 18.7158 6 .004640 0.000 0.000 0.000 0.000 0.000 .286 -1.015 3.043 .6761 1 .0092~0 0.000 0.000 0.000 0.000 0.000 .203 .... 638 2.528 .0065 8 .01~559 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000 9 .037118 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0000 

TOTAL BED LOAD 42.40j~ TONS/DAY 
TOTAL SUSPENDED LOAD 449.0~11 lONS/DAY 
TOTAL LOAD 491.424b TONS/DAY 



COMPUTATION Of TOTAL SEDIMENT LOAD BY THE MODIfIED EINSTEIN PROCEDURE 

SET 2 
WATEP DISCHARGE 
AVERAGE VELOCITY 
HYDRAULIC DEPTH 
WATER SURFACE WIDTH 
AREA 
TEMPERATURE 
KINEMATIC VISCOSITY 
065 
035 

DATA INPUT 

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

16300.00 C.F.S. 
4.11 FT./SEC. 

10.20 FT. 
3t41::1.00 FT. 

3'160.00 SQ.FT. 
oc.OO DEG.FAHREN. 

.000010~ SQ.FT./SEC. 
.OOOb1J FT. 
.OOO!::>!::>" FT. 
ll~O.OO PP~. 

510!::>1.bOOO TONS/DAY 
.!:)O FT. 

'1.10 FT. 

CONVERGENCE OF SUBHOUTINE ZPCOM IS CHECKED BY PRINTING OUT VALUES INVOLVED 

ITEH. lT~Y RQSP CRQSP DCHQ 

DRL(J) DRU(J) D(J) FSeJ) XI8Q8CJ) FSeJ) 
.002000 .06cSOO .000031 0.000000 0.000000 .ttOOOOO 
.062500 .12~000 .000290 .040000 1.6S1tH6 .100000 
.125000 .2!::>OOOO .0005ttO .tUOOOO 443.6168tt3 .100000 
.250000 .')00000 .001100 .140000 214.c:'2539 0.000000 

TOTAL BED LOAD 665.~ijlj TONS/DAY 
TOTAL SUSPENDED LOAD 61~c~.5blJ TONS/DAY 
TOTAL LOAD 62494.1426 TONS/DAY 

fQL(J' 
40~86.691 
~11ij.504 

11 !:)ij2 .569 
146.313 

.... .... 
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PROGRAM MODEIN2 (INPUT,OUTPUT,TAPE5=INPUT,TAPEb=OUTPUl) MOO 
MOO 

DEVELOPED 

PURPOSE 

REFERENCtS 

CORE USAGE 

COMPILATION lIME 
CENTRAL PROCESSOR 
TIME FOR ONE 
SET OF DATA 

COLORAOO STATE UNIVERSITY ENGINEERING RESEAHCH 
CENTEH. fOHT COLLINS~ CDLOk~DOt ~O~2j. 
COMPUTATION OF TOTAL SEOIMtNT OISCHAkGE ~Y 

MOO 
to400 
MOO 
~OO 
MOO THE MOOIFItu EIN~TtIN PHOCtOUkt. 

U.S. AUHtAU Of ~£ClAMATION ~UHLICATluN 
STEP M~THOU ~O~ COMPUTING TOT~L SlOIMENT 
8Y THE MO~lfIEO EINSTtlN PHOC~OUHEt JULY 
(REVISED» ANO ADu£NDU~ COMPUTATION Of L 
IN THE M001~lED tlNSTEIN PROCtOUR~. JUNE 
CDC 6400 SCOPE 3.3 SYSTtM DEfAULT VALUE, 
43000 OCTAL. 
APPROXIMATtLY 8 SEC. 

APPROXIMATELY SEC. 

MOt.> 
LOAO MOD 
1~~5 MOO 
FOR USEMOO 
l'1bb. to40D 

INPUT AND OUTPUT OESCWIPTION 

MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 

THE FIHST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN Mat.> 
THE VALUE Of NDAIA. IN fOKMAT 15. NOATA IS THE NUM~tR OF SETS MOO 
OF INPUT DATA TO BE FED TO TH~ COMPUTtR AT A TIME. A SET OF INPUTMOO 
DATA CONSISTS OF A GROuP Of VA~IA~LES N~CESSAHY TO SPECIFY MOO 
A PROBLEM, AS DETAILEO BELOW. MOO 

MOD 
THE FIRST CARD IS TO ~E FOLLOWED qy THE NUMAEH OF SETS OF INPUT MOO 
DATA. EACH ONE CONSISTINti OF THE FOLLOWING. IN THE ORDER SHOwN MOO 
(ORDER IS THE SAME AS THAT USfO IN REFERENCE b) MOO 

MOU 
1) GENERAL DATA, 13 VARIAijLES TO 8E PUNCHED IN FORMAT (8FI0.0) MOO 

FOLLOwING IS A LIST OF THE VARIABLES. FORTRAN NAMt ANO UNITS. MOO 
WATER DISCHARGE OISCH CFS. MOD 
AVERAGE VELOCITY UAVE FT./SEC. MOO 
HYDRAULIC DtPTH OEPTH FT. MOD 
"ATER SURFACE wIDTH W FT. MOO 
ARf A AREA SO.FT. MOO 
TEMPERA TURE TEMP DEG.f ARENH. MOO 
KINEMATIC VISCOSITY XNU SO.fT./SEC. MOO 
65 PERCENT FINER OIAMtTER MOO 

FOR 8ED-MATfRIAL Ob5 FT. MOO 
35 PERCENT FINER tJIAM~TER MOO 

FOR BED-MATFRIAL 035 FT. MOO 
AVERAGE CONC~NTHATION CONC PPM. MOO 
SAMPLED SUSPENOfO LOAD OSH TONS/DAY MOO 
PORTION OF DEPTH NOT SAMPLED ON FT. MOO 
AVERAGE DEPTH OF SAMPLING OS FT. MOO 

MOO 
2) INTEGER SELECTORS J[N AND JOUl. TO BE PUNCHED IN FORMAT 211. MOO 

JIN SELECTS THE NU~~~H A~O MANGE IN THE COMPUTATIONAL MOO 
SIZE F~ACTIONS. NO IS THE NUMBER OF SIZE FRACTIONS. MOO 
IF JIN=I. THE SIZE FHACTION~ IN THE uSBR PUBLICA1ION wILL HE MOO 
USED. THE FI~ST TwO SIlt FQACTIONS WILL BE USED AND THE THI~O MOO 
DELETED, RESULTINb IN NU= lU MOO 
IF JIN=2. THE SIZE fHAC1ION~ IN THE USSR PU~LICATION wILL HE MOO 
USED. IN THIS CASE THE fINST TWO SIZE FHACTIONS WILL ~E DtLETEO~OD 
AND THE THIRD USED INSTEAO, KESULTING IN NU=~ MOO 
If JIN=3, THE USER H~S T~E OPTION OF SPECIfYING THE NUMHEH AND MOO 
RANGE OF COMPUTATIONAL SIlE FRACTIONS. IF THIS OPTION IS MOO 
CHOSfN, NO SHOULD BE kEAD IN THe CA~u IMMEDIATELY FOLLOwING. MOD 
IN FO~MAT II. MOO 
JOUT SELECTS THE TYPE Of OuTPUT DESI~EO. MOO 
IF JOur=l, OuTPuT wILL CONSIST OF THE G~NfHAL DATA. CHECK ON MOO 
CONVEHGENCE OF Z PRIME, AND THE FINAL RESULTS IN ~O COLUMNS, MOO 
AS fOLLOWS. MOO 

MOO 
1) GEOMETRIC MEAN DIAMETER. IN FT. MOO 
2) ~SI MOO 
3) PHI SHEA~ MOO 
4) PEHCENTAGE OF BED MATERIAL IN SIZE FRACTION MOO 
5) 8EO LOAD TKANS~ORT. TONS/DAY MOO 
6) PER'CENTAGE OF SUSt-'i::NOEO LOAD IN SIlE fRACTION MOO 
1) SAMPLED TPANSPOHT IN Sllf FRACTION MOO 
8) MULTIPLIERS MOO 
9) l PRIME VALUES MOO 
10) A DOUBLE PHIHE VALutS MOO 
11) GEOMETRIC MEAN OIAME fER, IN FT MOO 
I~) J ONE PRIME MOO 
13) J TWO PHIME MOO 
14) J ONE OOUHLE PRIME MOO 
15) J TWO OOU~LE PHIME MOO 
Ib) PRODUCT OF JS MOO 
17) I ONE DOU~Lt PRIME MOO 
18) I TWO DOUdLE PRIME MOO 
1~) PRO~UCT Of IS MOO 
20) COMPUTED LOAD. IN TONS/DAY MOO 
IF JOUT=l IS StL£CTEO, MOST OF THE 20 COLUMNS wILL BE OMITTED MOO 
IN THf PRINTOUT. AND 1N~TtAO ONLY COLUMNS 1,4,~.b AND ~O wiLL MOO 
BE PRINTED. ADDITIONALLY, ORL{J) A~D ORU(J), LOWER ANUUPPER MOO 
LIMITS Of THt SIZE FRACTION RANGE. IN MM, wILL Bt PRINTED TO MOO 
THE LEfT OF THE 5 COLUMNS PHEVIOUSLY MENTION~O. MOt.> 

MOO 
3) DATA ARRAYS. MOO 

IF JIN=l. THE PERCENT OF' ~EO MAlFHIAl if'1<;T/F" FP4fnntl<; FR(lO)~ ~OD 

10 
20 
30 
40 
~O 
bO 
70 
tJo 
90 

100 
110 
leO 
130 
140 
150 
IbO 
170 
1bO 
190 
lOO 
210 
220 
230 
240 
l!>O 
~bO 
270 
2t)O 
290 
300 
310 
320 
330 
j40 
350 
3bO 
310 
3tJO 
390 
400 
410 
420 
430 
440 
450 
4bO 
410 
4bO 
490 
500 
510 
5~0 
530 
540 
S~O 
SbO 
~-'O 
5f:i0 
~~O 
bOO 
b10 
b20 
b30 
b40 
bSO 
6bU 
670 
b80 
690 
100 
110 
720 
730 
740 
150 
760 
170 
180 
790 
800 
810 
820 
830 
tJ40 
8~0 
8bO 
ts10 
880 
890 
900 
910 
920 
930 
940 
950 
~b{J 



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

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

110 
120 

130 

140 

150 

160 

15 

ANO PERCENT OF SUSPENDED LOAD IN SIZ~ FRACTIONS FS(10) 
SHOULD ~E PUNCHED IN tOHMAT £FIO.O 
IF ~IN=2. FH(~) AND FS(~) ~HOULO HE PUNCHED IN FORMAT £F10.0 
IF ~IN=j. TME HANbE Of COM~UTATIONAL SIIE fRACTIONS SMOULU 8E 
SPECIFIED IN ADDI1ION TO rH~ PfWCE~TA6t~ F~ AND FS. 
IF l~l~ OPTION IS CMuSlN. UkL(NU). UKU(NO}. f~(NO) ANU FS(ND) 
SHOULD Bl PUNCHlU IN FOWMAT 4FIO.O 
OHl (~) AND ORU(~) AHE TH~ LOWER ANO UPPtP LIMITS OF THl SIlE 
FHACTION HAN~l, IN MM, HE~PtCTIVELV. NOTE THAT 5IlE FkACTIONS 
SHOULD BE PUNCHED IN OHUtR OF INCkEASIN6 SIlE. 

MOD 
MOO 
MOO 
MOl) 
MOl) 
MOl) 
MOO 
MOO 
MOO 
t.400 
MOO 
MOO 

COMMON IALLI OISCH.UAYE.OEPTH.W.ARtA.TEMP.XNU,06~,03~.CONC,QSM,ON.M00 
105 MOO 

COMMON IAlLBI 0(11),VS(11).F~(10),FS(lO).XMULT(10).~IN.~OUT,NO.NOIMOI) 
1.N02 MOO 

COMMON IALLCI USP(lO) .X!f:HJtHIO) .FOlOO) MOO 
COMMO~ IALLOI P.AP,APP(l~),lP(lO) MOO 
COMMON IALLEI O~L(llJ,DRU(llJ MOO 
COMMON ICEFI C~O(2),CJl(£),C~~(2).C~3(2),C~(2),C1(2),C2(2),C3(2),CM00 

14(2) MOO 
DIMENSION COL16(10). COLl1(lO), COL18(lU), COl19(10), COL20(10), CMOO 

10L21(lO), COL22(lO), COL~3(lU), PSI(lO). PHISH(lO) MOO 
READ (~.310) NOATA MOO 

1 

00 290 L=l,NDATA MOD 
JU1=0 MOU 
WHITE (0,360) MOO 
wHITE (0,370) MOO 
CALL INPUT1 MOO 
CALL INPUT2 MOO 
WKITE (6.360) MOO 
WRI1E (6,390) L.OISCH.UAVE.OEPTH.W.AREA.TEMP.XNU.06~.D3~.CONC.QMOl) 
SM.DN.OS MOO 

MOO 
CALCULATING HYDRAULIC RAOIUsoSLOPE RS. PERCENTAGE OF FLOW SAMPLED MOO 
PFS. AND StDIMENT OISCHARGt THHOUGH THE SAMPLED ZONE QSPT MOO 

MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOD 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
"-00 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 

CALL RSCOM (X.RS) 
CALL PLATE4 (X,PFS.XKS) 
QSPT=QSM*PFS 

CALCULATING PSI(~) 

00 120 ~=I.ND 
XPSJ=1.b~o035/RS 
YPSI=0.6b~D(~)/RS 
XYPSI=XPSI-YPSI 
IF (XYPSI.LT.O) GO TO 110 
PSI(J)=XPSI 
GO TO 120 
PSI(~)=YPSI 

CONTINUE 

CALCULATING BED lOAD DISCHAHGE XI8QB(J) AND PEHCENTAGE OF 
SUSPENDED MATERIAL IN VAHIOUS ~IZE FRACTIONS QSP(J) 

00 130 ~=I,NO 
XX=PSI(~) 
CALL PLATES (XX.YY) 
PHISH(~)=YY 
XJ~QH(~}=43.cowo1200.0PMISH(~)/2.o0(~)ool.5°F8(~) 
QSP(~)=FS(~)*QSPT 

CON1INUE 

CALCULATING p, APRIMc AP. AND A DOUBLE PRIME APP(~) 

DXKS=30.2°X~DtPTH/XKS 
P=2.303 0 ALOGIO(OXKS) 
AP=DN/DS 
00 140 ~=l,NO 

APP(J)=200(~)/OEPTH 
CONTINUE 
CALL SOH (N.K) 
Nl=N+l 
NK=N+K 
WRITE (0,300) 

IF K IS GREATER THAN 2, CONTROL BRANCHES TO STATEMENT 
CALCULATING MULTIPLIERS XMULT(~) • AND lPHIME ZP(~) 

IF (K.GT.2) GO TO 160 
CALL MULCOM (K,Nl,NK,KK) 
CALL LPCOM (KK,IDZ) 
If (IDZ.EQ.l) GO TO 290 
00 150 ~=I.ND 

lP(~)=lP(KK)OXMULT(J) 
CONTINUE 
GO TO 200 

160 

CALCULA TING lP 
LSZPVS 

AND VS ARRAYS TO BE FED TO LEAST SQUARE SUBROUTINE 

CONTINUE 
00 170 ~=NltNK 

CALL ZPCOM (J.IOl) 
If (IOl.foO.I) GO TO 290 

970 
9HO 
91:10 

1000 
1010 
lU~O 
1030 
1040 
10~O 
1060 
1070 
10HO 
1090 
11 00 
1110 
litO 
1130 
1140 
1150 
llbO 
1110 
1180 
11'10 
1200 
1210 
1220 
12JO 
1240 
12~0 
1260 
1~70 
12HO 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
14~0 
1460 
1410 
1480 
1490 
1~00 
1510 
1520 
1530 
1~40 
15~0 
1560 
1570 
15HO 
1~90 
1600 
1610 
1620 
1630 
1640 
16~0 
1660 
1610 
1680 
16QO 
1100 
1110 
1720 
1730 
1140 
1/~0 
1760 
1770 
1780 
1790 
ltWO 
1810 
IH20 
1830 
1840 
IH~O 
1860 
IH70 
1880 
1890 
1900 
1910 
191.0 



C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

110 

180 

190 

200 

210 

220 

230 

240 

250 

260 

1 

1 

270 

1 
280 

290 

CONTtNUf. 
If (JOUT .EC~.2) GO TO 180 
wHIlE' (6.320 J 
WRIlE (6.340) 

16 

WRITE (6,J5U) (J,ZPCJ).VS(J).J=Nl,NK) 
CONTINUl 
CALL LSZPVS (Nl,NK.K.V5.ZP,A.B) 
A=EXP(A) 
DO 190 J=I.NO 

Xt04ULT(J)=O.O 
ZP(J)=AoVSeJ)*oB 

CONTINUE 

CALCULATING SEDIMENT LOAD BY USING MODIfIED EINSTEINS INTEGRAL 
CHARTS 9,10,11 AND 1~ 

CONTINUE 
If (JOUT.EQ.2) GO TO 220 
IF (K.LT.]) GO TO 210 
Wf(IH: (6,J30) 
CONTINUE 
If (Jour.EQ.2) GO TO 220 
~ R I T E ( 6 , 340 ) 
WRIlf (6,350) (J.ZP(J).vseJ),J=l,ND) 
CONTINUE 
TQL=O 
T8L=0 
DO 260 1=I.NO 

XM=APP(I) 
ZM=ZP(I) 
IF (FB(I).LT.O.Ol.ANO.fS(I).LT.0.01) GO TO 240 
IF (fBCI).LT.O.Ol) GO TO 230 
CALL POWER (ZM.XM.COL21(!),COL22(I),OUMl.0UM2.0.01) 
COL23(I)=P*COL21(I)+COL2~(I)+I. 
FQL(I,=XIAQH(I)OCOL2J(I) 
COL16 (l) =0. 
COL11(1)=0. 
COL18(1)=0. 
COLl'HI)=O. 
COL20 (I) =0. 
GO TO 250 
CONTINUE 
CALL POWEk (ZM,AP,OUMl.OUM2,COLI6(I),COL11(I).0.01) 
CALL POWER (ZM.XM.OUMJ.OUM4,COLI8(I).COLI9(I),0.01) 
COL20(I)=(POCOLI8(I)+COLl~(I»/(POCOL16(I)+COLll(I» 
fQLCI)=QSP(I)OCOL20Cl) 
COL21(I)=0. 
COL22(I)=0. 
COL23(1)=O. 
GO TO 250 
CONTINUE 
FQLCl)=O.O 
COL 16 CI ) = 0 • 
COL11 (I) =0. 
COL18(I)=0. 
COLI9(1)=0. 
COL20 (J ) =0. 
COL21 (1}=0. 
COL22(1)=0. 
COL23(I'=O. 
CONTINUE 
lQL=lQL+fQL (l) 
TBL=TBL+Xlt;Qt;(I) 

CONTINUE 
TSL=TQL-TBL 

PRINTING OUTPUT 

MOO 
MOO 
MOO 
MOU 
MOO 
MOD 
MOO 
MOO 
MOO 
MOD 
MOO 
MOD 
MOD 
to400 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOD 
MOD 
MOD 
MOO 
MOD 
MOO 
MOD 
MOO 
MOO 
MOD 
MOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOO 
MOD 
MOO 
MOO 
MOO 
MOO 
MOD 
MOD 
MOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOO 
MOO 
MOO 
MOO 
to400 

WRITf (6,400) MOO 
IF (JOUT.EQ.2) GO TO 210 MOO 
wRITE (6,410) MOO 
~RITE (6.420) (J.oeJ) ,PSI (J) ,PHISHeJ) ,FB(J) .XISQB(J) .FS(J) ,QSP(MOt) 
J),XMULT(J),Z?(J).APP(J),J=l.NO) MOO 
WRITE (6.430) MOO 
WRITE (6,440) (J.0(J).COLI6(J),COLl1{J).COLI8(J),COLI9(J).COL20MOO 
(J).COL21(J),COL22(J).COLC](J),FQL(J),J=I,NO) MOO 

GO TO 280 MOO 
CONTINUE MOO 
WRIlE (b,450) MOO 
WRITE (6.460) (ORLeJ),ORU(J),O(J),FB(J),XIBQB(J).FSeJ),FQL(J).JMOO 
=l.NO) MOO 
CONTINUE MOO 
WRIlE (6,410) TBL.TSL,TQL MOD 

CONTINUE MOO 

FORMAT STATEMENTS 

STOP 

MOO 
MOO 
MOD 
MOO 
MOO 

300 FORMAT (11.I0X.15H CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED BY 
INVOLVfU.IIJ 

PMOO 
MOO 
MOO 
MOO 
MOD 
MOO 
MOD 

lRINTING OUT VALUES 
310 FOfH-iAT (15) 

ARRAYS iP AND VS BEfORE LEAST SQUARE FIT./) 
ARRAYS lP AND VS AFTER LEAST SQUARE fIT,/) 

J ZP(J) vseJ),/) 

320 FORMAT (11.I0X,41H 
330 fORMAT (11.I0X,40h 
340 fORMAT (11,10X,3~H 
350 fORMAT (10X,II2,2f12.6) 

1930 
1940 
19~0 
1960 
1910 
1980 
1990 
2000 
2010 
2020 
2030 
~040 
2050 
2060 
2010 
2080 
~090 
2100 
2110 
2120 
21JO 
2140 
2150 
2160 
2110 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2210 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
~350 
2360 
2310 
2380 
23<]0 
2400 
2410 
~420 
2430 
2440 
2450 
2460 
2410 
2480 
2490 
2500 
2510 
2520 
2~30 
2~40 
2550 
2560 
2510 
2~80 
2~90 
2600 
2610 
2620 
26JO 
2640 
2650 
2660 
2670 
2680 
2690 
2100 
2110 
2120 
~730 
2140 
27~0 
2160 
~110 
2780 
2190 
2800 
2810 
2820 
2830 
2840 
28~0 
2860 
~810 
28RO 
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360 FORMAT (IHl) MOO 28~O 
370 fORMAT (40X.70HCOMPUTATION OF TOTAL SEDIMENT LOAD BY THE MODIfIED MOO 2900 

1 EINSTEIN PHOCEOU~t.lll) MOO 2910 
380 FOH~AT (J2x.lOHOATA INPUT.II) MOO 2920 
390 fORMAT (lOX.~HSlT .I~./IOX.J~H.ATER DISCHAHGE .FMOIJ 29JO 

112.2.13H C.f.S. ./IOA.j~NAVtRAGt VELOCITY .fMOD 2940 
212.2.}JH fT./SEC. ./IOX.J4HHYURAULIC UlPTH .fHOO 29~0 
312.2.1JH fT. ./I0XtJ4HWATER SURFACt WIOTH .fHOO 2~60 
412.2.13H FT. ./IOX.J4HAR£A .FMO~ 2970 
512.2.13H sa.FT. ./IOX,34HTEMPlRATURE .FHOO 2980 
612.2.13H OE~.FAHREN •• /IO~.j4HKINE~ATIC VISCOSITY .fMOO 2990 
712.7.13rl SU.fT./SlC. ,/IOX.34hU65 .fMOO 3000 
B12.6.}3H FT. ,/IUX,J4HU3~ .fMOO 3U10 
912.b.13H fT. ./lox.34HAVERAGE CONCENTRATION .fMOD 3020 
*12.2.}JH PPM. ./IOX.J~H~AMPLED SUSPtNOtU LOAD .fMOO 3030 
*12.4t13H TONS/DAY ./lox.J4HPOkTION Of OlPTH Nor SAMPLED .fMOO 3U40 
*12.2,13H fT. ,/IOX,J4HAVERAGl DEPTH AT SAMPLING .fMOO 30~0 
*12.2.4H fT.) MOO 30bO 

400 FOR~AT (//) MOO 3070 
410 fORMAT (~X.lHJtllX.4HD(J)tlX.6HPSI{J).5X.MHPHlSH(J).7X.5Hf8(J),4X.MOD 30HO 

18HXl~Q8(J),lX,5HfSeJ).6Xtbr1aSP(J),4X,8HXMULT'J),7X.~HlPeJ),~X,6HAP~OO 30~0 
2P(J)/) MOD JI00 

420 fORMAT (4X.12,4X,F12.6,F12.3-F12.5.bF12.3,F12.6) MOO 3110 
430 FOHMAT (115X,lHJ.llx.4HD(J),oX.8HCOL16(J).4X.HHCOL17(J),4X.BHCOllSMOO 3120 

1(J),4X.8HCOll~(~J).4X.8HCOL~O(J).~X,8HCOl21(J).4A.8HCOl22(J).4X.8HCMOO 3130 
20lc3(J).4X.9HC04P.LOAO/) MOO 3140 

440 FORMAT '4X.I2,~X,Fl?'.b.dFl~.3.f12.4) MOO 31~0 
450 FORMAT (lOx.M4H DRl(J) DRUeJ) O(J) f8CJ) MOO 31bO 

1 XIBa8eJ) FS(J) fUL(J),/) MOD 3110 
460 FO~MAT (lOx.6f12.6.F12.3) MOD 3180 
470 FORMAT (1II,5X.34HTOTAl dED LOAD .F16.4.9H TONSMOO 3190 

1/OAy./SX.34HTOTAL SUSP~NOtD LOAD .F16.4.9H TONS/DAy./MOD 3200 
25X,34HI01AL LOAO .F16.4,9H TONS/DAY) MOO 3110 

C MOO 3220 
END MOO 3230 



C 
C 
C 

C 

C 

c 
c 
c 
C 

c 

c 

18 

SU8ROUTINE INPUTI MOD MOD 
THIS SUBROUTINE READS IN THE 8ASIC VARIA8LES OF THE PR08LEM MOO 

~OD 
COMMON IALLI DISCH.U~VE.OEPTH ••• ARtA.TEMP.XNU.06~.DJ~.CDNC.QSM.ON.~00 

lOS MO~ 
READ (5.110) OISCH.UAVE.OEPTH.W,ARtA.TEMP,XNU.065,03~.CONC.QSM.ON.M00 

lOS MOO 
RETURN MOD MOO 

110 FOHMAT (8FIO.0) MOO MOO 
END ~OO 

SUBROUTINE INPUT2 MOD 
MOO 

THIS SUBROUTINE REAOS IN AOOITIONAL INPUT A~D FINDS THE VALUt OF MOO 
NO. THE NUMBER Of SIZE fRACTIONS TO HE USED IN THE COMPUTATION MOO 

MOO 
COMMON IALLI DISCH.UAVE.OlPTH,W,AREA,TEMP.XNU.065.0j~.CONC.QSM.,DN.MOU 

IDS MOD 
COMMON IALLBI D(11).VS(11).F8C10),FSelO).XMULTel0).JIN,JOUT.NO.NDlMO0 

I,N02 MOO 
COMMON IALLEI DRLCll).ORU(!l) MOO 
ORL(1)=.OO?$DRL(2)=.Ol~b~UHL(J)=.OOc $ORL(4)=.062~$ORL(5)=.lc~ MOO 
ORL(6)=.~S\DHL(7)=.S$DNL(8)=I.\nHL(~)=c.$DHL(lO)=4.S0HLell)=H. MOO 
ORU(I)=.01~6~nRu(2)=.Ub~~\OKU(~)=.Ob25iOHU(4)=.1~~'OHU(~)=.~~ MOO 
ORU(6)=.~$ORU(1)=1.iUKU(8)=2.S0RU(9)=4.iORU(10)=8.$OHU(11)=16. MOO 
READ (~.190) JIN.JOUT MOO 
IF (JIN.EQ.3) GO TO 160 MOD 
00 110 J=I,ll MOD 

DeJ)=(ORLeJ)OORU(J»OoO.5/304.8 MOO 
vseJ)=eec.13.*32.11*1.6~OO(J)o*3.+36.oXNUOo2.)OoO.5-6.°XNUJ/OeJMOD 

1 , MOO 
110 CONTINUE MOO 

ND1=10 MOD 

120 

130 

140 

150 

160 

N02=y MOO 
IF eJIN.EQ.2J 60 TO 130 MOO 
00 120 J=3.NOI MOO 

oeJ)=O(J+IJ MOO 
VS(J'=V5(J+I) MOO 

CONTINUE MOO 
NO=NOI MOO 
GO 10 150 MOO 
00 140 J=I,ND2 MOO 

0(J'=0(J+2) MOO 
VS(J)=VSeJ+2) MOO 

CONTINUE MOO 
NO=N02 MOO 
CONTINUE MOO 
READ (~,200) (F8CJ),fSCJ).J=I,NO) MOO 
GO TO 18U MOO 
CONTINUf MO~ 
READ (~,~lO) NO MOD 
READ (5.220) (OHL(J).ORU(J).F8eJ).FSeJ),J=I,NO) MOO 
DO 110 J=I,ND MOD 

0(J)=(DRU(J)*ORL(J»ooO.~/304.8 MOO 
VS(J)=C(2./3.o32.1701.6~oOCJ)oo3.+36 •• XNuoo2"ooO.5-6.°XNUJ/DeJMOO 

1 ) MOD 
170 CONTINUE MOO 
180 CONTINUE MOO 

RETUHN MOO MOD 
190 FOR~AT (211) 
200 FORMAT (~FI0.0) 
210 fORMAT (11) 
220 FOHMAT (4FIO.0) 

END 

MOO 
MOD 
MOO 
MOD 
MOO 
MOO 

3240 
32~0 
3260 
3210 
32HO 
32~O 
3JOO 
3310 
33£0 
3330 
3340 
3350 
3360 

3310 
3380 
33~0 
3400 
3410 
3420 
34JO 
3440 
34~O 
3460 
3470 
3480 
3490 
3500 
3510 
3~20 
3~30 
3540 
J550 
3~60 
3510 
3580 
3590 
3600 
3610 
3620 
3630 
3640 
3b~0 
3660 
3670 
3680 
3690 
3100 
3110 
3120 
3730 
3740 
3150 
3160 
3110 
3180 
3790 
3HOO 
3810 
3820 
3830 
3H40 
38~U 
3860 
3810 
3880 
38~0 
3~00 
3910 
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SU~ROUTINE RSCOH (X.RS) MOO 39~0 
C ~OO 39JO 
C THIS SU~HOUTINE COMPUTES THE YALUE OF RS BY ITERATION MOO 3940 
C MOO J9~0 

COMMON IALLI OISCH.UAYE.OEPTH.W,AREA,TEMP,XNU.0~~,U3~.CONC,QSM.ON.M00 3~60 
IDS MOO 3~'0 
X=l.~ MOD 3980 
TOL=O.OOl MOO 39'10 
Xt<S=06!l MOO 4000 

110 XDK~=1~.27*X*O~PTM/XKS MOO 4010 
SRHS=UAVE/(32.6~*ALOGIO(XOKS» MOU 40~0 
USHP=SHRS*~.6d MOO 4030 
OEL=11.6*XNU/USH~ ~OO 4040 
UELKS=XKS/OEL MOO 40~0 
CALL PLAT£J (OELKS,Xl) MOO 4060 
DELX=X-X2 ~OO 4010 
IF (APS(DELX) .Ll.TOU GO TO 12U HOD 4080 
X=X2 MOO 4(}90 
GO TO 11 0 MOO 4100 

120 CONTINUE MOO 4110 
XOKS=12.27*X*OEPTH/XKS MOO 4120 
SRRS=uAVE/(3~.bS*ALOGIO(XOKS') MOO 4130 
RS=SRRS*SRRS MOO 4140 
RETUkN HOO 4150 

C MOO 41~0 
END MOO 4110 

SUBROUTINE PLATE4 (X,PFS,XKS) MOO 4180 
C MOO 4190 
C THIS SUR~OUTINE SUBSTITUTES PLATE FOUR FOR THE ANALYTICAL ~OO 4200 
C EXPRESSION OF PFS MOO 4210 
C ~OO 422U 

COMMON IALLI OISCH,UAVE,OEPTH.W,AREA,TEMP,XNU,O~5,035,CONC.QSM.ON.M00 4230 
IDS MOO 4240 

XKS=D65 MOO 4250 
A=30.2*X/XKS MOO 42bO 
YDS=OS*ALOG(A*OS)-OS HO~ 4210 
YDN=ON*AL06(A*DN)-DN MOO 4280 
PFS=(YOS-YON)/YDS MOO 42'10 
RETURN ~OO 4300 

C MOO 4310 
END MOD 4320 

C 
C 
C 
C 
C 

C 

110 

120 

130 

SUBROUTINE SOR (N.K) MOO 
MOl) 

THIS SURHOUTINE COUNTS TriE NUM~ER OF SIZE FRACTIONS K FOR wHICH MOO 

FT~EHET ISSBOT ... BED AND SUSPt.NlJt:.O DISCHAKGt. ANO THE NUMtiER Of SIZE MOO 
nAC ION N SMALLER THAN fIRST K. MOO 

MOO 
COMMO,." 

I,N02 
J=O 
K=O 

IALLBI OCll).VS(11),Fd(10),FS(lO),XMULT(10).JIN.JOUT.NO.NOlMO0 
MOO 
MOO 
MOD 

N=O 
CONTINUE 
IF (F8(J+l).GT.0.OO.ANO.FSeJ+l).GT.O.OO) 
IF (K.NE.O) GO TO 120 
N=N+l 
J=J+l 
If (J.EQ.NO) RETURN 
GO TO l1U 
CONTINUE 
K=K+l 
J=J+l 
IF (J.EQ.NO) RETURN 
GO TO 110 

END 

GO TO 130 

MOO 
MOO 
MOD 
MOD 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOO 
MOD 
t.400 
MOO 
~OD 

4330 
4340 
43~0 
4300 
4310 
4380 
43~0 
4400 
4410 
4420 
4430 
4440 
44~0 
4460 
4410 
4480 
4490 
4500 
4:;10 
4520 
4530 
4~40 
4550 
45~0 
4~70 
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SUBROUTINE LSZPVS CNl.NK.K.X,V,A,B) 

C 
MOO 4580 
MOll 4~90 

C THIS SUA~OUTINE CALCULATES A L~AST SQUAHE FIT fOR lPRIME lP(K) ANDMOU 4600 
MOO 4610 
MOD 46~0 
MOO 4630 
MOO 4640 
MOO 4650 
MOO 4660 
MOO 4670 
MOO 46BO 
MOO 46~O 
MOO 4100 
MOO 4110 
MOO 47~0 
MOO 4730 
MOO 4140 
MOO 4150 
MOO 4160 
MOO 4770 
MOO 4 ·,BO 
MOO 41~0 
MOD 4BOO 
MOO 4BI0 
MOD 4B~0 
MOD 4830 
MOD 4840 

C V5eK) 
C 

C 

C 
C 
C 

C 

C 

C 
C 
C 

c 

DIMENSION X(11), VelO) 
SUMX=O. 
SUMY=O. 
SUMXY=O. 
SUMX2=0. 
00 110 J=Nl,NK 

XL=ALOG(X(J» 
SUMX=SUMX+XL 
VL=ALUG (Y (J) ) 
SUMY=SUMY+YL 
XY=XLoYL 
SUMXY=SUMXY+XY 
X2=XLoXL 
SUMX2=SUMX2+X2 

110 CONTINUE 
XMEAr.I=SUMX/K 
YMfAN=SUMY/K 
B= CSUMXY-SUMX"'SUMY/K) I (SUMX2-SUMX"'SUMX/K' 
A=YMEAN-d"'Xr-tEAN 
RETU~N 

END 

SUBROUTINE MULCOM eK,Nl,NK.KK) 

THIS SUijHOUTINE CALCULATES THE MULTIPLIERS XMULTCJ) 

MOO 
MOO 
MOO 
~OO 

COMMON IALLBI D(llJ.vS(11),fBCl0).fSCI0),XMULTC10),JIN,JOUT,NO.ND1MO0 
I,N02 MOO 

DIMENSION 5BS(9) MOO 
If (K.~Q.O) GO TO 160 MOD 
If (K.EQ.2) GO TO 110 MOD 
KK=Nl MOO 
GO TO 140 MOO 

110 CONTINUE MOO 
00 120 J=N1.NK MOD 

SHS(J)=f8(J)+fSeJ) MOO 
120 CONTINUE MOO 

IF (S~S(Nl).GT.SBS(NK') GO TO 130 MOO 
KK=NK MOO 
GO TO 140 MOO 

130 KK=Nl MOO 
140 CONTINUE MOD 

DO 1~0 J=I.ND MOO 
XMULTeJ)=eVSeJ)/VSCKK» ...... O.1 MOO 

150 CONTINUE MOO 
GO TO 170 MOO 

160 WRITE (6,180) MOO 
170 CONTINUE MOO 

RETUkN MOO 
MOD 

180 fORMAT (10X,97HBECAUSE NO SIlE fRACTION CONTAINS BOTH BED AND SUSPMOD 
1ENDED OISCHAHGE. THE COMPUTATIONS ARE ABORTED.) MOO 

MOO 
MOO END 

4850 
4860 
4810 
4880 
4B'IO 
4900 
4910 
4910 
4~30 
4940 
4950 
4'160 
4970 
4980 
4990 
5000 
~010 
5020 
5030 
~040 
50!:)0 
5060 
5070 
5080 
5090 
5100 
5110 
~120 
~130 
5140 
51!:)0 
~160 

SUBROUTINE PLATE8 eX,Y} 

THIS SUB~OUTINE APP~OXIMATES PLATE 8 BY A LINE IN LOG-LOG PAPER 

Y=-0.33"'ALOG10eX)+1.08 
HETUHN 

END 

MOO 5170 
MOO 5180 
MOD 5190 
MOO 5~OO 
MOO 5~10 
MOO 5220 
MOO ~2JO 
MOO 5240 



C 
C 
C 
C 
C 

C 

c 

c 
C 
C 

c 
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MOO 
MOO 

THIS SUR~OUTINE COMPUTES lPRIMt lP 8Y ITERATION MOO 
FIRST. ATRIAL VALUE OF Z~ IS tALCULATED. AND THEN. WITH ANOTHEk MOO 
THIAL. A LINEAR INT~KPOLATI0N 15 MADE. CONVER~ENCf IS VEkY FAST. MOO 

MOO 

SUBROUTINE lPCOM (J,IOl) 

COMMUN IALLBI 0(11),VS(11).FB(lO).F~(10)'XMULT(lO)'JIN'JOUT,NO.NOIMOU 
I.N02 MOO 

COMMON IALLCI QSP(}O),XIHQI::HIO),FOLClO) MOO 
COMMON IALLOI P,AP.APP(lU),LP(lO) MOO 
XM=APpeJ) MOO 
RQSP=OSP(J)/XIHQH(J) MOO 
IF (HQSP.LT.1813.) GO TO 110 MOO 
102=1 MOO 
WRITE (6.1bO) MOO 
RETURN MOO 

110 CALL PLATE8 (RQSP,ZTRY) MOO 
STEP=O.Ol MOO 
WRITE (6.110) MOO 
KOUNT=O MOO 

120 CONTINU~ MOO 
KOUNT=KOUNT+1 MOO 
IF (KOUNf.GT.10) GO TO 140 MOO 
CALL PowER (ZTRY,XM,XIIPP,OUMl,XJ1PP,OUM2.0.01) MOO 
CALL POWE.R (LTRY,AP.{)UM3.IJU~4.XJIP,XJ2P,0.0l) MOO 
CRUSP=XIIPP/XJ1PP~(P~XJIP+XJ~P) MOO 
OCwQ=CRQ~P-RQSP MOO 
IF (JOUT.EQ.2) GO TO 130 MOO 
WRIIE (6.1~O) KOUNT,lTHy.RQSP,CRQSP,OCRQ MOO 

130 CONTINUE MOO 
TOL=O.OI~RQSP MOO 
IF (ARS(OCRQ).LT.TOL) GO TO 1?0 MOO 
IF (CRaSp.LI.RuSP) ZTRY1=lTRY-STEP MOO 
IF (CRQSP.GT.PQSP) ZTRY1=llRY+~TEP MOO 
CALL PO'NER (ZTHY1,XM,XIll-'P,fJUMl,XJlPP,OUM2,O.01) MOO 
CALL PO~tR (ZTRYl,AP.OUMJ,OUM4,AJIP,XJ2P,0.01) MOO 
CRQSP1=XIIPP/XJIPP~(P~XJIP+XJcP) MOO 
TEMP=(RQSP-C~QSP).STEP/(CRQ5PI-CRQSPJ MOO 
IF (CRUSP.LT.RQSP) ZTRY=ZTHY-TEMP MOO 
IF (CRUSP.GT.RQSP) ZTRY=lTHY+ltMP MOO 
60 TO 120 MOO 

140 CONTINUE MOO 
WRITE (6,180) MOO 

150 CONTINUE MOO 
ZpeJ)=ZTRY MOO 
RETURN MOO 

MOO 
160 fORMAT (111,10X,8~HRUSP OUT Of PERMISSIBLE RANGE IN THIS SET OF OAMOO 

ITA.CALCULATIONS FOR THIS StT ARE. ABORTED.) MOO 
170 FORMAT (11.20X,SHITER.,~X,~~lTHY .bX.4rtRQSP.8X.5HCRQSP,7X,4HOCRQ) MOD 
180 FORMAT (/I0X,76HlPCOM OOES NOT CONVERGE WITH 10 ITERATIONS. LAST VMOO 

lALUE OF ZP(J) WILL Be UStO,/) MOO 
190 FORMAT (/I0X,112,4FI2.S) MOO 

MOO 

110 

120 

130 

140 

150 

160 

110 

180 

190 

200 

210 

220 

230 

240 

250 

260 
210 

END MOO 

SUBROUTINE PLATE3 (X,y) 

THIS SU8ROUTINE APPROXIMATES PLATE 3 BY A SERIES OF EQUATIONS 

IF (X.LE.0.40) GO TO 110 
GO TO 120 
Y=I.169~ALOGIO(X/0.060) 
GO TO 210 
IF (X.GT.0.40.ANO.X.LE.0.56) 60 TO 130 
GO TO 140 
Y=1.495 6 ALOG10(X/0.OS9} 
GO TO 270 
IF (X.GT.O.56.ANO.X.LE.O.16. GO TO 150 
GO TO 160 
Y=0.92~ALOGI0(X/0.0145) 
GO TO 270 
IF (X.GT.0.76.ANO.X.LE.O.96) 60 TO 110 
GO TO lRO 
Y=0.c92~ALOG10(X/2.9f-06) 
GO TO e70 
IF (X.GT.O.96.ANO.X.LE.1.35' GO TO 190 
GO TO cOO 
Y=0.211~ALOG10(632000.0/X) 
GO TO 210 
IF (X.GT.l.35.ANO.X.LE.l.00) GO TO 210 
GO TO 220 
Y=1.115~ALOG10'34.4/X' 
GO TO 270 
IF (X.GT.3.00.ANO.X.LE.4.00) GO TO 230 
GO TO 240 
Y=0.1?5~ALOG10(128.0/X) 
GO TO e70 
IF (X.GT.4.00.ANO.X.LE.6.70) GO TO 250 
GO TO 260 
Y=0.399~ALOG10(2160.0/X) 
GO TO 270 
IF (X.GT.6.10) Y=I.0 
RETURN 

ENO 

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

5250 
5260 
5210 
5c~0 
5290 
5300 
~310 
5120 
5330 
5)40 
~350 
5360 
5310 
~3~0 
5390 
54(10 
5410 
~420 
~4JO 
5440 
~450 
~460 
~410 
54~0 
~490 
~SOO 
5510 
5520 
5SJO 
5540 
5~50 
5560 
5570 
5580 
5590 
5600 
5610 
5620 
56JO 
5640 
5650 
5660 
5670 
5660 
5690 
5100 
5710 
5120 
5730 
5140 
5150 
5160 
5170 
5180 
5190 

5800 
5810 
5820 
5630 
5840 
5850 
5860 
5810 
5880 
5890 
5900 
5910 
5920 
5930 
5940 
5950 
5960 
5910 
5980 
5990 
6000 
6010 
6020 
6030 
6040 
6050 
6060 
6010 
6080 
6090 
6100 
6110 
6leO 
6130 
6140 
6150 
6160 
b170 
6180 
6190 



C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

110 

120 

130 

140 

150 

160 
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SUBHOUTINE PLATE~ (X,y) 

THIS SU~ROUTINE APPROXI~ATES PLATE 5 BY A SERIES OF EQUATIONS 

IF (X.LE.O.77) Y:(7.~6/X)**1.01 
IF (X.GT.O.71.ANO.X.LE.2.1c) v:(S.3S/X)**1.19 
IF (X.GT.2.1l.AND.X.Lf..4.10) Y=(4.10/X)**1.61 
IF (X.GT.4.10.AND.X.LE.b.lO) Y=(~.lO/X)·*2.30 
IF (X.GT.6.10.ANO.X.LE.l1.0) V=(4.60/X)**J.l3 
IF (X.GT.ll.0.AN~.X.LE.16./) Y=(5.66/~'**4.l6 
IF CX.GT.16.7.ANU.X.LE.2£.~) Y=(~.28/X)**7.81 
IF (X.GT.l2.S) Y=(13.10/X)**12.bb 
RETURN 

END 

SUBHOUTINE POWER (Z.A.Xl1.XIl.X~1.X~2.CONV) 

THIS SU8HOUTINE EVALUATES 11 12 ~1 AND Jl INTEGRALS 
NOTATION~ 
XII = VALUE OF II INTEG~AL 
XI2 = VALUE OF 12 INTf6~AL 
X~1 = VALUE OF Jl INTEGRAL 
XJl = VALUE Of J2 l~T£b~AL 
N = O~OEH OF APPkOXIMArION + 1 
CONV = CONVERGENCE CRITE~lON 

N=l 
FACT=O.l16°AooCZ-l.)/(I.-A)OOZ 
X 11 =0. 
XI2=O. 
XJl=O. 
XJl=O. 
ALG=ALOGCA) 
C=I. 
O=-Z 
E=O+I. 
FN=l. 
AEX=A*oE 
GO TO 120 
N=N+l 
C=coO/FN 
O=E 
E=O+I. 
FN=fLOAT(N) 
AEx=A**F. 
IF (ARS(E).LE.0.001) GO TO 130 
X~1=XJ1+C*Cl.-AEX)/E 
XJ2=XJ2.C*(CAEX-l.)/E 00 2-AEXoALG/E) 
GO TO 140 
XJ1=XJI-C*ALG 
XJ2=XJ2-0.~*C*ALG*o2 
IF (N.EQ.}) GO TO 150 
CJl=ABS(1.-FJI/XJ1) 
CJl=ARSCl.-FJ2/XJl) 
IF (CJl.LE.CONV.ANO.CJ2.LE.CONV' GO TO 160 
FJl=XJl 
FJ2=XJc 
GO TO 110 
XIl=FACT*XJl 
XIl=FACT*XJ2 
RETUkN 

END 

MOO 6200 
MOD 6210 
MOO 6220 
MOO 6230 
MOO 6240 
MOD 6250 
MOD 6260 
MOD 6270 
MOD 6£dO 
MOD 6£~0 
MOD 6300 
MOO 6310 
MOO 6320 
MOO 6330 
MOD 6340 
MOO 6350 

MOD 6360 
MOO 6370 
MOD 631:i0 
MOD 63~O 
MOO 6400 
MOO 6410 
MOO 6420 
MOD 6430 
MOO 6440 
MOD 64~0 
MOD 6460 
MOO 6470 
MOO 6480 
MOD 6490 
MOD 6~OO 
MOD 6510 
MOD 6~20 
MOD 6530 
MOD 6~40 
MOO 6~50 
MOD 6~60 
MOD 6~70 
MOD 65t10 
MOO 6~90 
MOD 6600 
MOD 6610 
MOD 6620 
MOO 6fdO 
MOO 6640 
MOD 6650 
MOD 6660 
MOO 6610 
MOD 6680 
MOO 66~O 
MOO 6100 
MOO 6710 
MOD 6120 
MOD 6130 
MOD 6140 
MOD 6750 
MOD 6760 
MOD 6170 
MOO 6180 
MOD 6190 
MOO 6AOO 
MOO 6lHO 
MOO 6820 
MOO 6f.iJO 



II. COLBY: 

Colby's Bed Material Load Method 



24 

1. INTRODUCTION 

Program COLBY computes bed material load by Colby's Method [1]. 

Data input consists of average velocity (ft per sec), hydraulic depth 

(ft), water surface width (ft), temperature (OF), median bed material 

size (mm) and fine material concentration (ppm). A remark included as 

part of the output indicates whether the computations were carried out 

in a normal fashion, or if one or more variables were out of the value 

range specified in this method. If velocity, depth or bed material size 

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

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

and gives a result, albeit of limited value. 

2. INPUT-OUTPUT DESCRIPTION 

INPUT: 

A) NUMBER OF SETS CARD 

It is the first card in the input logical record and should 

contain the value of NDATA, in format IS. NDATA is the number of sets 

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

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

detailed below. 

B) INPUT DATA CARDS 

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

be punched in format 6FIO.O. A set of input data consists of the 

following variables, relating to a channel cross section. 

VARIABLES FORTRAN NAME UNITS 

1) Average Velocity V ft per sec 
2) Hydraulic Depth D ft 
3) Water Surface Width W ft 
4) Temperature TF of 
5) Median Bed Material Size DsO mm 
6) Fine Material Concentration ~L ppm 
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OUTPUT: 

Output consists of the total bed material transport in tons/day, 

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

the computations were carried out successfully. If REMARK=OOR, velocity, 

depth or bed material size is out of range. If REMARK=TOOR, temperature 

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

range. 

VARIABLE 

Average Velocity 
Hydraulic Depth 
Temperature 
Median Bed Material Size 
Fine Material Concentration 

RANGE 

1-10 ft per sec 
1-100 ft 
32-100 OF 
0.1-0.8 mm 
0-200000 ppm 

3. FORTRAN NAMES FOR INPUT AND OUTPUT VARIABLES 

VARIABLE 

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

FORTRAN NAME 

V 
D 
W 
TF 
050 
FML 
GT 
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4. EXAMPLES 

"'" "" """",,l," ""'.1."',. ",.1."",, !~,,~~, j~~ I ~J" """" •••••• , •• "I" q 11"" .. II " It .I:t un II II 11 ir u" nllt U l' l' " • I' • 11 .,1., " U It a, .. If lI.t ";:1 " n ... II P. H cal" II Q .. "II , .... "I" ., " .. " • 0' ...... 

1111 • tlllll , I , III , 1111111111 tI 1111 II "l~' " I , 'I' I I I I , , I I , , I ! I II ! It' , , • • ! • ! • II 
~1"" E ~ I 

UUU2 222 U f2 U 2 t !l11l H21 U lIjll <>/:-:;-',;\~" I,C"1.I1... " lil' 7 71 1 7" ','1'" ll" 12,'ZI" 717 7J' 

'n
·¢z ..... \'"1''''::\:~ 

II n J II U 3] U 3 J U J JJ J lJ J J J 3 3 J', V.0~r;F:'~:~;:c:;,\(\", 1", J , 311 J "11 3' I J J l' J ','13 J 31311' 
CC':~ -.,~ " --~ '~\" : I u u:1 u .. u u u U U 4." U U U U, 0 <'( .. ;::1f..:'~( ! t.'! ,ft' U • u ":4 c U U U" H« If u'" 

1St II "'"1''' ....... i""." ... :~\ .. ~ .,It/" i'" "" II .! .... " ... II. II II .... 

•• , 1 •• 1' I' S .1.'., s, ,I;,. 'I"" "", ~ ~i 'S'S" I "., I ,I, I "II'" '1"1" I U If 

"U"uJJ1,nJJJJunl,J III n lJ' ,!n J Jl ~/,;J J ,lnll'J1 J J ,llll J flU J7 llnJllll1 J 
UNIVERSITY COMPUTER CENTER 

••••••••• Ij' ••• I •• "'i' e , • I • • • , 'i' I • , ••••• '~I' •••••••• '," • • •• • ••• 'I' • .1 • • I • • .~'. II • II II It 

•••••••• I'" t I.'.' 'I'~" II •• 111 'I'" til"" •• 1 till. t 11.1.1 It I •• '. II.'" ., It I It ,It ••• 
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Setup of Data Cards for COLBY 

t~~;:!::: 
III " II !t II I 
Zl2"'J7JtJ 

+'33!3'I" ',4. « ....... , 

'IUUUUU 
1"1"15'" 
','711 J r 11 J l , ........... 
• /st I It I It .. 
." It,.- "'lI'.""" 
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COMPUTATION OF TOTAL RED MATERIAL 
TRANSPORT BY COL8YS METHOD 

SET 1 
AVERAGE VFLOCITY 
HYDRA'JLIC DEPTH 
WATEH SURF~CE wIDTH 
TEMPE~ATURE 
~EOIAN BED ~ATE~IAL SIlE 
FINE ~AJE~IAL CUNCENTkATION 

HED MATERIAL TRANSPORT = 
REM"Ht< = OK 

SET 2 
AVEkAGE VELOCITY 
HYDRAULIC DEPTH 
WATER SURFACE WIDTH 
TEMPERATURE 
MEDIAN BED MATEHIAL SIl~ 
FINE MATf~IAL CONCENTRATION 

9.92 FT./SEC. 
4.14 FT. 

234.00 FT. 
70.UO DtG.FAH~EN • 

• 32 MM. 
10000.00 PPM. 

70113.08304 TO~S/UAY 

11.00 FT./SI:::C. 
4.14 FT. 

234.00 FT. 
70.00 t)EH.FAH~fN. 

.32 ~M. 
10000.00 PPM. 

COMPUTATIONS COULD NOT HE CA~kIED OUT 
DUE TO DATA OUT OF HANGE 
REMARK= OOR 

SET 3 
AVEf.!AGE VfLOCITY 
HYDRAULIC DEPTH 
WATER SU~fACE wIDTH 
TE~PERATURE 
MEDIAN BED MATE~IAL SIlE 
FINE ~ATERIAL CONCENTRATION 

RED MATERIAL TRANSPORT = 
REMARK = TOOR 

SET 4 
AVERAGE VELOCITY 
HYDRAULIC DEPTH 
~ATEH SURFACE WIDTH 
TEMPERATURE 
MEDIAN BED MATE~IAL SIZE 
FINE MATERIAL CONCENTRATION 

RED MATERIAL TRANSPOHl = 
REM~RK = FOOJ.l 

9.92 
4.14 

234.00 
10~.00 

.32 
10000.00 

5~231.~4b05 

FT./SEC. 
FT. 
fT. 
OE.G.FAHHEN. 
MM. 
PPM. 

TONS/OAY 

9.92 FT./SEC. 
4.14 FT. 

234.00 FT. 
70.00 OEG.FAHREN. 

.32 MM. 
300000.00 PP~. 

~l0518.41909 TONS/OAY 
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PROGRAM COLBY (INPUT,OUTPU1,TAPE5=INPUT.TAPE6=OUTPUT) 

OEI/ELOPED 

PURPOSE 

REFE~ENCE 

COHE USAGE 

THE FIRST CARD IN INPUT IS FOLLOwED ~Y THE SETS OF INPUT DATA, 
TO BE PUNCHED IN FORMAT 6flO.U 
A SET OF INPUT DATA CONSISTS Of 
1) AVEHAGE VELOCITY 
2) HYDRAULIC DEPTH 
3) WATER SUkFACE WIDTH 
.,.) TE.HPEHA TURE 
5) MEDIAN REO MATERIAL SIZE 
6) FI~E MATERIAL CONCENTRATION 

THE FOLLOWING 
V 
o 
W 
TF 
050 
FML 

VARIABLES. 
F.P.S. 
FT. 
FT. 
DE.6.FAHREN. 
MM. 
PPM. 

OUTPUT CONSISTS OF THE TOTAL REO MATE~IAL TRANSPORT IN TONS/DAY, 
AND A REMARK ON HOW THE COMPUTATIONS wEK~ CARRIEO OUT. 
IF RfMARK= OK, THE COMPUTATIONS WERE CAHPIEU OUT SuCCESSFULLY. 
IF REMARK= OOR, VE.LOCITY, DEPTH OR ~EO MATERIAL SIZ~ IS OvT OF 
RANGE. 
If ~fMARK= TOOR. TEMPERATURE IS OUT OR RANGE. 
IF RfMARK= FOOR, FI~E MATERIAL CONCENTRATION IS OUT OF RANGE. 
VARIAF:!LE RANGE 
AVERAGE VELOCITY 1-10 F.P.S. 
HYDRAULIC DEPTH 1-100 FT. 
WATER SURFACE wIDTH 
TEMPERATURE 
MEDIAN RED MATERIAL SIlE 
FINE MATERIAL CONCENTRATION 

32-100 OEG.FAHHEN. 
0.1-0.8 MM. 
0-200000 PPM. 

10 
20 
30 
40 
~O 
60 
10 
80 
90 

100 
110 
I~O 
130 
140 
l~O 
160 
110 
180 
190 
200 
210 
220 
230 
240 
250 
260 
~10 
280 
290 
300 
310 
320 
330 
340 
350 
360 
310 
380 
390 
400 
410 
420 
430 
440 
4~O 
460 
410 
480 
490 
~OO 
~10 
s20 
S30 
S40 
SSO 
560 
510 
580 
590 
600 
610 
6~O 
630 
640 
6~O 
660 
610 
o~O 
690 
100 
110 
720 
730 
140 
l~O 
160 
170 
HiO 
1'10 
tWO 
810 
tilO 
tl30 
l:.I40 
H:,O 
t-t60 
810 
hHO 
B':iO 
900 
910 
~~O 
930 
94U 
9S0 
960 



101 

102 

103 
104 

lOS 
106 

107 
108 
109 

110 

III 

112 
113 
lilt 

115 

116 
117 
118 

119 

120 
121 
122 

123 

124 
125 
126 

127 

128 
129 

130 

1 

31 

IF C(OSO.LT.O~OG(I».OH.(O~0.GT.0~OG(6)') GO TO lUI 
GO TO 10l 
REMAHK=SHOOH 
GO TO 1~5 

lOCAlE APPROPHIATE V,O.O~O SHIO 

COL 
COL 
COL 
COL 
COL 
COL 
COL 

CONTINUE COL 
IF «0.lT.OG(1».OH.(O.GT.ObC 4 ») GO TO 103 COL 
GO TO lUIt COL 
HEMARK=SrlOOH COL 
GO TO 1~5 COL 
IF C(V.LT.VG(1»).0~.(V.GT.VG(8») GO TO 10~ COL 
GO TO IU6 COL 
REMARK=SHOOR COL 
GO TO 1~5 COL 
IF (TF.EQ.O.) TF=60. COL 
IF CTF-J2.) l07.10thlOti COL 
RE~APK=~HTOOH COL 
TF=32. COL 
IF CTF-I00) 110.110,109 COL 
RE~ARK=~HTOOH COL 
Tf=100. COL 
CONTINUE COL 
IFI=O COL 
102=0 COL 
00 113 1=1.3 COL 

IF «O.GC.OGCI).ANO.(O.lE.OGCI+l») GO TO III COL 
GO TO 112 COL 

101=1 COL 
Oe:l+1 COL 

GO TO lIlt COL 
CONTINUE COL 

CONTINUE COL 
IVl=O COL 
IV2=0 COL 
00 111 1=1.7 COL 

IF «V.GE.VGCI».ANO.(V.LE.VGCI+l)') GO TO 115 COL 
GO TO 116 COL 
IV1=1 COL 
IVe=l+l COL 
GO TO 118 COL 
CONTINuE COL 

CONTINUE COL 
10501=0 COL 
10502=0 COL 
00 121 I=l.S COL 

IF «OSO.GE.U50S(I)).ANO.(050.LE.OSOG{I+1))) GO TO 119 COL 
GO TO 120 COL 
10SOI=I COL 
10502=1+} COL 
GO TO 122 COL 
CONTINUE COL 

CONTINUE COL 
CONTINUE COL 
11(1)=101 COL 
II(e)=102 COL 
JJCIJ=IVI COL 
JJ(2)=IVZ COL 
KK(I)=I0501 COL 
KK(2)=10S02 COL 
00 130 1=1.2 COL 

11=11(1) COL 
XX(I':ALOG10(OG(Il» COL 
00 129 J=l.Z COL 

Jl=JJ(J) COL 
YY(J)=ALOGIO(VG(Jl» COL 

00 129 K=I.2 COL 
Kl=KK(K) COL 
ZZ(K)=ALOGIO(U50GCKIJ) COL 
If CGH1.Jl.KU-U.) 123.1e3,IZ1 COL 
00 125 Jj=Jl./ COL 

IF (b(II,J3,Kl)-0.) 124,124,126 COL 
CONTINuE COL 

CONTINUE COL 
X(J,K)=ALOG10(6(Il.JJ.K1»+(ALOG1U(VGeJ1l/VG(J3»)*(ALOG1COL 
OCGCIl.JJ+l.Kl)/G(Il,J3,KI»)/CALOGlU(V6(JJ+1)/VGCJJ») COL 
GO TO 12& COL 
CONTINUE COL 
XCJ,K)=ALOGI0(GCIl.Jl,Kl» COL 
CONTINUE COL 

CONTINUE COL 
XO=ALOGI0(050)-ZZ(1) COL 
XNl=X(I,2)-X(1.1) COL 
XNZ=XCc,2'-X(2,1) COL 
XDEN=ZZ(Z)-ZZ(I) COL 
XACl'=X(l,I)+XNl*xO/XOEN COL 
XAC21=X(Z.1)+XN2*XO/XOEN COL 
XNM=XACZ'-XA(l) COL 
XV=ALOG10ev)-YYCl) COL 
XOY=YY(2)-YY(}J COL 
XG(I)=XA'l)+XN~*XV/XOY COL 

CONTINUE COL 
XNM=XG(Z)-XG(l) COL 
XO=ALOGI0CO,-XXCl) COL 
XOEN=XX(Z)-XXCl) COL 

970 
~tiO 
~90 

1000 
1010 
1020 
10JO 
1040 
lObO 
lU60 
1U10 
lU80 
10'10 
1100 
1110 
1120 
1130 
1140 
11S0 
1160 
1110 
lltiO 
1190 
12UO 
l~lO 
12Z0 
lZJO 
1240 
12S0 
l2bO 
1210 
1280 
le'lO 
13UO 
IJ10 
IJ20 
1330 
1340 
13t>0 
lj60 
IJlO 
13tiO 
1390 
1400 
1410 
1420 
14JO 
1440 
14S0 
1460 
1470 
1480 
1490 
1500 
1510 
1~20 
l~JO 
IS40 
1550 
IS60 
1!>10 
15MO 
15~U 
16UO 
1010 
1620 
1630 
1640 
loS0 
1660 
16"10 
1680 
1090 
17UO 
1710 
1720 
17JO 
1"/40 
1750 
1160 
1770 
1180 
1190 
1800 
lti10 
!tUO 
IHJO 
It;40 
lti!)O 
1860 
1810 
18tiO 
1890 
I~OO 
1910 
1920 



C 
C 
C 
C 
C 
C 

C 
C 
C 

131 

132 

133 

13~ 
135 
136 

137 

138 

139 

140 

141 
142 

143 

144 

14~ 

146 
147 
148 

149 

150 

151 
152 
153 

61UC=XGCl)+XNM~XD/XUEN 
G1UC=lO.**GTuC 

32 

GTUC IS UNCORHECTEO GT IN L8/SEC/FT 

NEXT APPLY F.M.LOAO AND TfMPf~ATURE CORRECTIONS 

IF CTF-60.' 132,IJ1,IJ2 
CfT=I. 
GO TO 1)1 
CONTINUE 
IT1=0 
112=0 
DO 135 1=1,6 

IF (CTF.GE.TEMPCI».ANO.CTF.LE.TEMPCI+l») GO TO IJJ 
GO TO 134 
ITI=J 
ITc=I.l 
GO TO 136 
CONTINUE 

CONTINUE 
CONTINUE 
XTCI,l)=ALOGIO(T(ITl,IOl» 
XT(c,l)=ALOGIO(T{ITc.IDl» 
XT(I.2)=ALOGIO(T(ITl.lO~») 
XTC2.c)=ALOGIO(T(ITe.IO~') 
XNT=ALOGIO(Tf/lEMP(IT1»/ALOC,10(TEMPCITc)/TEMPCIT1» 
XCT(I)=XT(l,l'+XNT*(AT(c,I)-~T(I,l» 
XCT(2)=XTCl.2)+XNT~(~T(~.c)-~T(1,c) 
CFT=XCT(l)+(XCT(c)-XCTCl»~XO/XDEN 
CfT=10.**CFT 

FINE MATERIAL LOAD COR~ECTION 

CONTltiUE 
If (FML-IO.) 138,13tJ,13~ 
Cf-"F= 1. 
GO TO 149 
CONTINUE 
IF CFML.GT.l.E+5) REMA~K=~HfOOR 
101=0 
102=0 
00 141 1=1,9 

IF «O.GE.DFCI».ANO.(O.LE.OF(I+l») GO TO 140 
GO TO 141 
101=1 
IOl=l+l 
GO TO 142 

CONTINUE 
CONTINUE 
IF (REMARK.EQ.5HFOOR )143,144 
IF1=4 
IF2=5 
GO TO 148 
CONTINUE 
IFl=O 
JfZ=O 
00 147 1= 1,4 

IF «FML.GE.CFCI».ANO.CFML.LE.CFCI+}») GO TO 145 
GO TO 140 
IF1=1 
IF2=I+l 
GO TO 148 
CONTINUE 

CONTINUE. 
CONTINUE 
Xf(I.1)=ALOGI0(F(IFl,IDl» 
XFC2.l)=ALOGIO(F(IF~.IO~» 
XFCl.c)=ALOGIO(F(IFl.IOc» 
XF(l.1)=ALOGI0(F(IOc.IOl» 
XNT=(FML-CF(IFI»/(Cf(Ifc)-CFCIFl» 
XCT(l)=XF(l.l)+X~T*(Xt(e.l)-Xf(l.l» 
XCT(2):XF(1.2)+XNT*(Xf(e,e)-XF(1,c» 
XNT=ALOGIO(O/OF(IOl»/ALOGIO(OFCI02)/OF(IOI» 
CFF=XCT(l)+XNT~CXCTC~)-XCT(I» 
CFF=10.*OoCFF 
CONTINUE 
1CF=CFT*CFF-l. 
CFO=l. 
If «050.GE.0.20).ANO.(U~0.LE.O.30» GO TO 154 
IPl=O 
IP2=0 
00 152 1=1,10 

IF «050.GE.OP(I).ANO.(050.LE.OPCI+l'» GO TO 150 
GO TO 151 
IPl=l 
IPl=l+l 
GO TO 153 
CONTINUE 

CONTINUE 
CONTINUE 
P2=ALOGIO(P(IP2» 
Pl=ALuGlOCP(IPl» 
XNT=ALOGI0(050/DP€IP1»/ALOGIO(OPCIP2)/UP(IPI» 
CFO=Pl.XNT*(P2-Pl) 

COL l~JO 
COL 1~40 
COL 1'150 
COL 1900 
COL 1~10 
COL lCJ80 
COL 1990 
COL 2000 
COL 2010 
COL cOcO 
COL 2030 
COL c040 
COL c050 
COL 2060 
COL 2010 
COL 20tJO 
COL 2090 
COL 2100 
COL 2110 
COL cleO 
COL 2130 
COL 2140 
COL 2l~0 
COL 2160 
COL 2110 
COL 21MO 
COL 21~0 
COL 2200 
COL 2210 
COL 2('20 
COL 2230 
COL c240 
COL 2250 
COL 2200 
COL 22/0 
COL 22MO 
COL 2290 
COL c300 
COL 2JI0 
COL 2J20 
COL 2330 
COL l340 
COL 2J50 
COL 2JoO 
COL 2310 
COL 23HO 
COL 2390 
COL 2400 
COL 2410 
COL 24cO 
COL 2430 
COL l440 
COL 24~0 
COL 2400 
COL 2410 
COL c4MO 
COL 2490 
COL 2500 
COL 2~10 
COL l520 
COL 25.J0 
COL 2540 
COL 2550 
COL 2~00 
COL 2510 
COL 2!)HO 
COL 25~O 
COL 2600 
COL 2010 
COL 2620 
COL 26JO 
COL 2040 
COL 2650 
COL 2b60 
COL 2610 
COL coHO 
COL 2b~O 
COL 2700 
COL 2710 
COL 2720 
COL 2130 
COL 2740 
COL 2750 
COL 2160 
COL 2770 
COL 27tJO 
COL ll~O 
COL 2800 
COL 2tHO 
COL 2H20 
COL 2H30 
COL 2H40 
COL 2850 
COL 2HoO 
COL 2H70 
COL 28ao 



C 

33 

154 
CFO=lO.**CFD 
CONTINUE 
FfF=CFO*TCF 
FFf=FfF+l. 
Gl=FfF*GTVC 
61=6T*. 
WRITE (6.161' 
GO 10 l~b 
CONTINUE 
WHITE (b.158) 
CONTINUE 

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

155 

156 
151 CONTINUE 

GT.R£MARK 

REMARK 

158 fORMAT (~X. 38HCOMPUTATJONS COULD NOT 8£ CARRIED OUT ./5X, Z4HDUE COL 
ITO DATA OUT OF W~NGF./5X. BnRtMARK= .RiOII/) COL 

159 FORMAT (lHl.9X. J3rlCOMPUTAIION OF TOTAL atD MATERIAL./l0X. Z6HTRANCOL 
lSPORT 8Y COLars M~THOD,II) COL 

160 FORMAT C5X.4HStT ,I~/~~.llHAVERAuE VELOCITY .FI2.Z.IZH FCOL 
IT./SfC. ./~x.21HHrDRAuLIe DfPTH ,FIZ.2.1ZH FT. cnL 
2 ./5x.27HWATER SURFACE wIDTH .F12.2.12H fT. ./5X,21HCOL 
31(MPE~ATUKE ,Fll.2,12H DE6.FA"~EN •• /5X.21HMtDIAN BEeOL 
40 MATE~JAL SIZt .F12.2.12H MM. ,/~X'clHFINE MATEHIAL CONtenL 
5ENTHAT10N.F12.2.12H ~PM. ./) COL 

161 FOKMAT (5X.~4HHEO MAIE~lAL TRANSPORT =.F15.5.12H TONS/DAY ./5X.9COL 
IHR£MAHK = ,RIOIII) COL 

162 FORMAT (l~) COL 
163 fOHMAT (6FIO.0) COL 

C COL 
END COL 

2890 
2900 
2"i10 
2920 
l"iJO 
2940 
29'~0 
2CJbO 
2<HO 
2CJ80 
29"l0 
3000 
JOI0 
3020 
3030 
3()40 
jO~O 
3060 
3010 
JOt$O 
JOIiO 
3100 
3110 
JI~O 
J130 
3140 
31~0 
31bO 
3110 
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