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I. MODEIN2:

The Modified Einstein Procedure



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.



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 CONV, a value of
CONV=0.01 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 I5. 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 8F10.0).
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The following names are used for the variables:

VARIABLES FORTRAN NAME UNITS

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

for Bed Material D65 ft
35 Percent Finer Diameter

for Bed Material D35 ft
Average Concentration CONC ppm
Sampled Suspended Load QsM tons per day
Portion of Depth Not Sampled DN ft
Average Depth of Sampling DS ft

B-2) INPUT-OUTPUT OPTIONS CARD. The values of JIN and JOUT should
be punched in format 2I1 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=1 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=10

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 Il. 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:



JOUT=1 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

15) J-two double prime

16) Product of J's

17) 1I-one double prime

18) I-two double prime

19) Product of I's
20) Computed load, in tons/day

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=1 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 2F10.0, for each particular size
range.

JIN=2 The input consists of nine cards with the same information
as in JIN=1 punched in format 2F10.0.

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),



DRU(ND), FB(ND) and FS(ND) should be punched in format 4F10.0, 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,



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

pPSI

PHI shear

Percentage of bed-material in size fraction
Bed-load transport, in tons/day
Percentage of suspended load in size fraction
Sampled transport in size fraction
Multipliers

Z prime values

A double prime values

Geometric mean diameter, in ft
J-one prime

J-two prime

J-one double prime

J-two double prime

Product of J's

I-one double prime

I-two double prime

Product of I's

Computed load, in tons/day

Trial Z

Real Qg'

Computed Qg'

Difference of real and computed Qg'
Settling velocity

Total bed load

Total suspended bed material load
Total bed material load

DISCH
UAVE
DEPTH

AREA
TEMP
XNU
D65
D35
CONC
QSM
DN
DS

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

VS (J)
TBL

TSL

TQL



5. EXAMPLES
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Setup of Data Cards for MODEIN?



COMPUTATION OF TOTAL SEDIMENT LOAD B8Y THE MODIFIED

DATA INPUT

SETY 1

WATER DISCHARGE 230.00
AVERAGE VELOCITY 2.08
HYDRAULIC DEPTH _e98
WATER SURFACE WwIDTH 113.00
AREA 111.00
TEMPERATURE 64,00
KINEMATIC VISCOSITY «0000114
D6Y 001050
D35 2000750
AVERAGE CONCENTRATION 262,00
SAMPLED SUSPENDED LOAD 163,0000
PORTION OF DEPTH NOT SAMPLED «30
AVERAGE DEPTH AT SAMPLING l.2¢

CONVERGENCE OF SUHROUTINE ZPCOM IS CHECKED BY

MTA=<TVNNNOCUBIMIMMO
e
~N
(=]
>
=<

e O G =t =D ND = = =4S
se ZTv e e v ese ™M
e

PRINTING OUT VALUES INVOLVED

ITER. ZTRY RQSP CRQSP DCRG
1 «80537 6.79554 4.99502 ~1.80052
2 « 75340 679554 Te08348 « 28794
3 279964 6.79554 6.79184 ~-s00370

ITER. LTRY RUSP CRQsSP DCRQ
1 1.19938 «43475 43227 -o0248

ITER. ZIRY RQSP CRQsSP OCRQ
1 l1.26422 «27654 « 35925 «08271
2 1.31135 27654 « 28385 «00731
3 1.31664 27654 «27645 ~+00009

ARRAYS ZP AND VS BEFORE

nNew C

N

)

1

PlJ
75964
19938

1.31664

o

LI ]

LEAST SQUARE FI7

vS(J)
«067624
152040
258550

ARRAYS ZP AND VS AFTER LEAST SQUARE FIT

EINSTEIN PROCEDURE
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COMPUTATION OF TOTAL SEDIMENT LOAD BY THE MODIFIED EINSTEIN PROCEDURE

DATA INPUT
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CONVERGENCE OF SUBROUTINE ZPCOM IS CHECKED 8Y PRINTING OUT VALUES INVOLVED

RQSP CRASP OCRQ

LTRY

ITER.

DRU(J) DY) FB(J) x18@8(J) FS(J) FaL(Jy)

DRL (J)
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PROGRAM MODEINZ (INPUTsOUTPUTTAPES=INPUTTAPE6=QUTPUT) :gg
MOD
DEVELOPED COLORADO STATE UNIVERSITY ENGINEERING RESEARCH MOD
CENTERs FORT COLLINSs COLOKRADOy BUS MO0
PURPOSE COMPUTATION OF TOTAL SEDIMENT DISCHARGE BY MO0
THE MOOIFIED EINSTEIN PHGCEDUKE. MOD
REFERENCES U.S, BUREAU OF RECLAMATION PUHLICATION MOD
STEP METHOUD FOw COMPUTING TOTAL SEOIMENT LOAD Mos
BY THE MODIFIED EINSTEIN PROCEDUREs JULY 1955 M0
(REVISED) AND ADUENDUM COMPUTATION GF £ FOR us:uoo
IN THE MOOLr1ED EINSTEIN PROCEDUREs JUNE 1966, MO
CORE USAGE CDC 6400 SCOPE 3¢3 SYSTEM DEFAULT VALUESs MOD
43000 OCTAL, MOD
COMPILATION YTIME APPROXIMATELY 8 SEC, MoD
CENTRAL PROCESSOR MOD
TIME FOR ONE MOD
SET OF DATA APPROXIMATELY 1 SEC. agg
MOD
INPUT AND OUTPUT DESCRIPTION 583
THE FIRST CARD IN THE INPUT LOGICAL RECORD SHOULD CONTAIN MOO
THE VALUE OF NDATAs IN FORMAT IS, NDATA IS THE NUMBER OF SET
OF INPUT DATA T0O BE FED TO THE COMPUTER AT A YIM& A SET OF IN?UTMOD
DATA CONSISTS OF A GROUP OF VARIABLES NECESSARY TQ SPECIFY MOb
A PROBLEMs AS DETAILED BELOW. ngg
THE FIRST CARD IS TO RE FOLLOWED 8Y THE NUMBER OF SETS OF INPUT  MOD
DATAs EACH ONE CONSISTING OF THE FOLLOWINGs IN THE ORDER SHOWN MO
(ORDER 1S THE SAME AS THAT USED IN REFERENCE &) ngg
1) GENERAL DATAs 13 VARIABLES TO BE PUNCHED IN FORMAT (8F10,0) MOoD
OLLOWING Is A'LIST OF THE VARIABLESs FORTRAN NAME AND UNITS. MOD
uAIER DISCHAKGE D1sScH CFS. MOD
AVERAGE VELQCIlY UAVE FT./SEC, MOU
HYDRAULIC DEPTH DEPTH FT. MOD
WATER SURFACE WIDTH W FT. MOD
ARF A AREA SQe.FT. MOD
TEMPERATURE TEMP DEG.FARENH, MOD
KINEMATIC VISCOSITY XNU SQ.FT4/SECe MOU
65 PERCENT FINEK DIAMETER MOD
FOR BED-MATERIAL 065 FTe MOD
35 PERCENT FINER LUIAMETER _ M0D
BED=-MATFRIAL D3s FT. MOD
AVERAGE cowc&mraarlou CONC PPM, MOD
SAMPLED SUSPENCED LOAD QSM TONS/DAY MOD
PORTIUN OF DEPTH NOT SAMPLED DN FTe MOD
AVERAGE DEPTH OF SAMPLING DS FTe ngg
2) INTEGER SELECTOR JIN AND JOUTs TO BE PUNCHED IN FOKMAT 2Il1.  MOD
JIN SELECTS NUMBER AND RANGE IN THE COMPUTATIONAL MOD
SIZE FRACT]ONS. ND IS THE NUMBER_OF SIZE FRACTIONS, MO0
1F JIN=1s THE SIZE FRACTIONS IN THE USBR PUBLICATION wlLL BE  MOD
USED. THE FIRST TwO SIZt FRACTIONS WILL BE USED AND THE THIRD MOL
DELETEDs RESULTING IN NU= 1U MOD
IF JIN=2s THE SIZe FRACTIONS IN THE USBR PUBLICATION wILL HE _ MOD
USED. IN_THIS CASE THE FIRST TWO SIZE FRACTIONS WILL BB OELETEDMOU
AND THE THIRD USED INSTEADs RESULTING IN ND=9 MOD
IF JIN=3s THE USER HAS THE OPTION OF SPECIFYING THE NUMHER AND MOD
RANGE OF COMPUTATIONAL SIZE FRACTIONSe. IF THIS OPTION IS 00
?noggg. ¥DI%HOULD BE READ IN THE CARD IMMEDIATELY FOLLOWING. :88
JOUT SELECTS THE TYPE OF OUTPUT DESIRED. MOD
1F JOUT=1y OUTPUT WILL CONSIST OF THE GENERAL DATAs CHECK ON  MOD
CONVERGENCE OF Z PRIMEs AND THE FINAL RESULTS IN 20 COLUMNSs  MOD
AS FOLLOWS, 383
1) GEQOMETRIC MEAN DIAMETERs IN FT, MOD
2) Sl MOD
3) PHI SHEA . MOD
4) PERCENTA E OF BED MATERIAL IN SIZE FRACTION MOD
) BED LOAD TRANSPORTs TONS/DAY MOD
6) PERCENTAGE OF SUSFENDED LOAD IN SIZE FRACTION MOD
7) SAMPLED TFANSPORT IN SIZE FRACTIO M0D
8) MULTIPLIERS MOD
9) £ PRIME VALUES MOD
10) A DOUBLE PRIME VALUES MOD
11) GEOMETRIC MEAN DIAMEFERs IN FT MOD
12) J ONE PRIME MOD
13) J Tw0 PRIME MOD
14) J ONE DOUHLE PRIME MOD
15) J Two DOUBLE PRIME MO0
16) PRODUCT OF JS MO0
17) 1 ONE OOUbLt PRIME MOD
18) I TwO DOUdLE PRIME MOD
19) PRODUCT OfF IS MOD
20) COMPUTED LOADs IN TOUNS/DA MOD
IF JOUT=2 IS SELECTEDs MOST OF THE 20 COLUMNS WILL BE OMITTED MOD
IN THE PRINTOUTs AND INSTEAD ONLY COLUMNS leésbeb AND 20 WILL MOD
BE PRINTED. ADDITIONALLYs DRL(J) AND DRU(J)» LOWER AND UPPLR  MOD
LIMITS OF THE SIZE FRACTION RANGEs IN MMy WILL BE PRINTED 10  MOD
THE LEFT OF THE S COLUMNS PREVIOUSLY MENTIONED. ngg
3) DATA ARRAYS,. MOD
1F JIN=1le THE PERCENT OF BED MATERIAL TMSTZF FRACTIONS FA(10)s MOD

CUPUN O CENO UL LN~ OLCENCURUN=OLCENOU PUN=C LI NOT WU~ OLENOU P WN
OOCOOOOOCOOCAOCOCICOUOOCOCOOCOOOOOOOCOOOCCOOOOALCOOCROOOD

UOUVPCUCRELELD L LD P WWLL WG G 0 W AU A\ b 9t ot s s o b s e e
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Ot Zmm
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c SUBROUTINE INPUTI sgg
¢ THIS SUBROUTINE READS IN THE BASIC VARIABLES OF THE PROBLEM Moo
COMMON /ALL/ Dlscu.uuve.ospru.w.Anea.Tenp.xnu.osb.oss.conc-osn.on.ngo

READ (5+110) DISCHsUAVESDEPTHsW+AREAs TEMP s XNU1D651D354CONC+QSMeDN+MOD
RETURN MOD

c MOD
110 FORMAT (8F10.0) MOD

c MOD
END MOD

c SUBROUTINE INPUT2 uop
¢ THIS SUBROUTINE READNS IN ADDITIONAL INPUT AND FINDS THE VALUE OF MOU
< ND» THE NUMBER OF SIZE FRACTIONS TO HE USED IN THE COMPUTATION Moy
Sounon /ALL/ oxscn.uavc.otprn.u.nntn.TEMP.xnu.oss.oss.CONc,osn.nw.ugg
LCOMMON /ALLB/ DC11)+VS(11)+FB(10)FS(10) 2 XMULT (1015 JINs JOUTNDsNDIMOD
COMMON_/ALLE/ DRL (11)10RY(LL) } ] Moo

DRL (1) =+002$DRL (2)=,01563URL (3)=,002 SORL (4)=,06253NRL(5)=,125 MOD
DRL¢6)=.essonL(7;=.:$aRL48)-1.snRL(9);e.snuL«zoz;a.so«L(1x;:u. MOD
DRU(1)=2015690RU (272,06253DRUT3) = 062550HU(4) =, 1258DRU(5) =425 MOD
DRU(6)=258DRU(7) =1, SUKU(B) =2.SDRU(9) =4 $0RU(10)=8.3DRU(11)=16. MOD

READ (53190} JINs»JOUT MOD

IF (JIN.EQe.3) GO TO 160 MOD

DO 110 J=1s11 MOD
D(J)=(DRL (J) #DRU(J) ) 820 ,5/304,8 MOD

. yS(J)=((2./3.*3(.17*1.65*0(J)“*3 +364#XNU#*24) ##0.5-64 2XNU) /D (JHOD

110 CONTINUE MOD
ND1=10 MOD

ND2=9 MOD

IF (JIN.EQ.2) GO TO 130 MOD

DO 120 J=3+ND} MOD
D(I=DTJ+ 1) MOD

VS (J)=VS (Jel) MOD

120 CONTINUE MOD
ND=ND1 MOD

GO 10 150 MOD

130 DO 140 J=1sND2 MOD
DLJIZD(Je2) MOD
VS1J)=VS(Je2) MOD

140 CONTINUE MOD
ND=ND2 MOD

150 CONTINUE MOD
READ (5¢200) (FB(J)sFS(J)sJ=14ND) MOD

GO TO 180 MOD

160 CONTINUE MOU
READ (5+210) ND MOD

READ (5+220) (DKL (J) sDRUCJ) 9FB L) +FS(J) 9J=14ND) MOD

DO 170 J=1sND MOD
D(J) = (DRUCJ) “DRL (J) ) #90e5/304.8 MO0

| Vsta=re.zs. W#32,17%1.65201J) 3#3,+364#XNU#S2, +) 20,564 2XNU) /D (JMOD

170 CONTINUE MOD
180 CONTINUE MOD
RETURN MOD

c MOD
190 FORMAT (211) MOD
200 FORMAT (2F10.0) MOD
210 FORMAT (I1) MOD
220 FOKMAT (4F10.0) MOD

c MOD

Lt L ) G G L G ) ) G ) ) G ) W 0 W L) () W) G W L) Gl (L) G G ) L G W W W W D W W W W W W W
WEEEXXTEXEXEXENNNNNNNNNNOCOO OO CrORNU T OUSUTERS &SP 2oe s »auﬁw
OLENOUFUNCLENOVT L UNCLCENOU LS WN=OOXE VO L WN=OLENC U S UN-OLE~
OO RO COCOOO OO OCOOCOROITCCCOOCCOOCHCCOCCCOCOOO
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SUBROUTINE RSCOM (X+RS) agg
THIS SURROUTINE COMPUTES THE VALUE OF RS BY ITERATJION MOB
gOMHON /ALL/ DISCHvUAVEvUEPTHvﬂyAREA:TEHPvXNU’DbbvudboCONCOQSHQDNoMOD
X=1.6 MOD
T0L=0,001 MOD
XKS=06% MOD
XDKS=12.2T*X*DEPTH/XKS MOU
SRRS=UAVE/ (32,65%AL06G1 0 (XDKS)) MOD
USHP=SRR5“5.68 MOD
DEL=11.6%XNU/USHP MOD
DELKS=XKS/DEL MO
CALL PLATEJ3 (DELKSsX2) MOV
DELX=X=X2 MO0
;FxéAPS(DELX).LT.TOL) GO 70 12V :gg

=
GO Y0 110 MOO
CONTINUE MOD
XDKS=12,2T7#X*DEPTH/XKS MOD
SRRS:UAVE/(Jé 65%AL0G10(XDKS)) MOD
t N MOD
END MOD
SUBROUTINE PLATES (XsPFSeXKS) ngg
THIS SUBROUTINE SUBSTITUTES PLATE FOUR FOR THE ANALYTICAL MOD
EXPRESSION OF PF Mgg
gOMMON /ALL/ DISCHyUAVﬁ.DEPTHoNuAREA’TEMPQXNUQ06590350CONC'05MO0N'M88
XKS=D65% MQOD
A=30.,2%X/XKS MOD
YDS=DS*ALOG(A®DS) -DS MOD
YON=ON®*ALOG (A®DN) =DN MOD
PF?G&KOS‘YDN)/YDS :88
€ MO0
END MOD
SUBROUTINE SDR (N#K) MOD
MOD

THIS SUBROUTINE COUNTS THE NUMBER OF SIZE FRACTIONS K FOR wHICH MOD

THERE 1S BOTH BED AND busthutU DISCHARGEL s AND THE NUMBER OF SIZE MQOD
FRACTIONS N SMALLER THAN FIRST K. Mog
nggON /ALLB/ 0(11)oVS(lX);FB(lO)-F$(10)9XMUL?(10),J!NvJOUTcNuyanugg
9
J=0 MOD
K=0 MOD
N=0 MOD
CONT INUE MOD
IF (FB(J%1)eGTe0s00,ANDFS(JU+]1).GT.0.00) GO TO 130 MOD
IF (K.NE.O) GO TO 120 MO0
N=N+1l MO0
J=del MO0
IF (JJEQ.ND) RETURN MOU
G0 10 110 MQD
CONTINUE MOD
K=Ke+} MOD
JsJdel MOD
IF (J.EQ.ND) RETURN MOD
GO T0 110 MOD
MOD
END MOD
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SUBROUTINE LSZPVS (NlsNKsKsXsY2A+B) MO0
YHIS SURROQUTINE CALCULATES A LEAST SQUARE FIT FOR ZPRIME ZP(K) ANDMOg

DIMENSION X(11)s Y(10)
SUMX=0,

YL
igMXY =SUMXY+XY
SUMKZ SUMXE*XB

CONTINUE
XMEAN=SUMX/K
YMEAN=SUMY/K

»m

=YMEAN—6*XMEA
RETU

END

SUBROUTINE MULCOM (KeNlsNKsKK)

THIS SUBROUTINE CALCULATES THE MULTIPLIERS XMULT(J)
COMMON /ALLB/ D(ll)‘VS(ll)'FB(lﬁ)’FSQIO)cXMULT(IO)9dINaJOUTyNDvNDlM08

2
DlMENSION 585(9)
0) GO TO
2) 60 70

.

Y11}
110

(=]

Nle
=FB(J)0FS(J)

N1)+.GT.SBS(NK)) &GO 70 130

T2ZVOOZ
-~ I

MO ~NM—LM & ~MCCMP DD
<

[
E
1
U
{
U
S
1

c

VS(J)/VS(KK) ) =20, 7
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SUBROUTINE PLATES (XeY)

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

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

END

FRAC
S

CcT
AR

= (SUMXY=SUMXESUMY/K) / {SUMX2=SUMX#SUMX/K)

MOD

ION CONTA!NS BOTH BED AND SUSPMOB

£ ABORTED.)
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SUBROUTINE ZPCOM (Js102) MOD

THIS SUBROQUTINE COMPUTES ZPRIME ZP BY JTERATION MOD
FIRSTs ATRIAL VALUE OF ZP IS CALCULATEDs AND THENs WITH ANOTHER MOD
TRIALs A LINEAR INTERPOLATION IS MADE. CONVERGENCE IS VERY FAST, :OO

[
COMMUN /ZALLC/ QSP(10)+XIBQB(10)FQL(10) MOU
COMMON ZALLDZ PsAPAPPLIU) 9P (10) MOD
XM=APP (J) MO0
RQSP=QSP (J) /XI8AB (J) MOD
1F_(RQSP.LT.1873.) 60 TO 110 MOO

(69160} MOOD
LATES (RQSP+ZTRY) MOD
2170) MOD

~t it
XM
[~ )4

X e bt w1 1}
NCACwo O THNOOCRUNOC~CBX*OCCACC~e

2 LEIT CZCrMIT N

TMITOT Clddododm o VAT o s [ ot b QAT o 2 wd Z = O C
QOPOMC H v

10

L1

LTRYSTEP MOD
PeDUMLy XJLIPPsDUMZs0,01) MOD
yDUMG 9 AJLIP 9 XJ2P20.01) MOD
P+XJ2r)
RQ
TR
TR

NN 8 U DN

zor™
42v-«~cm O TN~ 4
Lt TI e

o8 UmXTe ¢ OXN wMUULTe Z
-
X
[=

Grr 17T
Il bt g

- KN Xt G
ANNOY= LT H U

CTTUTMTTLO &
e
-
x
=

HTMPMNVNANOXE ENV MO AT EZ 20N O
- e
[
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<
z
=
o

x
=<
k 4
[~
L]

MOD
//7+10XsBBHRUSP OUT OF PERMISSIBLE RANGE IN THIS SET OF DAMOD
ATIONS FOR THIS SET ARE ABURTED.) R MOD
/ ‘0§QSHITER.aonbHZTRY 16X 9 4rtRQASP +BX s SHCRASP s TX e 4HDCRQ) MOD
10Xs

P(d)

10Xs1

PP LwmMmOO0ONHT
A=A ZUNZ Z WL~ DVDOVIXILe Z OOHNTOONZ N

HZPCOM DOES NOT CONVERGE WITH 10 ITERATIONSs LAST vM
LL _HE USEDs/) M

00
1 00
294Fl12.5) MOD
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~ o~
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SUBROUTINE PLATE3 (XsY) GOD
THIS SUBROUTINE APPROXIMATES PLATE 3 BY A SERIES OF EQUATIONS aOD

IF (X.LE.0.40) GO TO 110 MOD
120 MOD
=1,769%AL0G10(X/0,080) MOD
fo 270 _ MOD
e6T+0.40,AND X LE.0.56) GO TO 130 MOD
40 MOD
954AL0G10(X/0,059) MOD
270 ] MOD
5740056, ANDXoLE2Do76) GO TO 150 MOD
60 MOD
ALOGL0(X/0,0145) MOD
0 MOD
00476 ANDoXoLE20.96) 6O TO 170 MOD

ALOGLO(X/2,9E~06) MOD
096, AND X LEe1¢39) GO TO 190 MOD
L0G10(632000.0/X) MOD
1e35.ANDX,LE«3.00) GO TO 210 MOD
LOG10(34.4/X) MOU
GTe3400.ANDoXLE«4¢00) GO TO 230 MOD
:“SLOGIG(iZB.OIX) MOU
GTe4e00.ANDXK.LE«670) GO TO 250 MOD
399%AL0G10(2160,0/X) MOD
270 MOD

XeGTe6470) Y=1.0 MOD
MOD

(=]

-
[0

OMONoOMO

92

-

o [~
s anf 8 o o et S e o & f o,

c9

7

OXONOXOLOXOPOX

o

O +aG) L DG € CY et G~ ) et G =K G 4t Y =€ G
OMCHNOTMONCTON

- .

i 4
RONDNONSNNONN =N SN

Bt BN E O g &L~
Ce OPCTe OO SHC

z

o

o

0,72

(=]
.
nNen
-~y
XX
o000
CTOO

HOLOXONOXO=C XTI
n
o
<

Commt® wnfom wf® odms e e o ot

T+ K Gt G) L Yt G €
X

MAOHOMONCTON

m
4
o -
=z
o
o

GOV e G erererrnr e e e eE ey oo
NN NNNNNNNPCOCCCOCOCCTVTT POV TUT LSS L LR L PP LUWWWURWR W WIS
CESNCTNLUN~OOE NPT SUN=QCENTNLUN>OLE~NOVLLUN=OCOVE N FWN»C LT NN
OO COC OO OO OCOCOOOLOOOOCCOOOOCoOROOCOOOODOORCROCOCIVOD

[ gt oateabealegle el Lo o ool ol o e X Xo o ¥o¥e SETUTVIN LIRSV XV QO ETVT U AVLTV L0 TV I TETP AT
s Bt ot bt o ot ot bt pt D S C D C OO CC OV VO LCE O L O LC TR X TET RO OEXT

CENPPEWNOLENOUV WOV ENOT LN =S CONOUNE WO
COCCOCOOOOCROCOOCORUCOORCOCOOCOOCCOOCOOS



22

DO0OVSOOOIDD00DDO

Ni*TINHIO
‘l\l\(((b
- nNBUN .
OYYYYYYd

#)‘000’5“
Y ettt 8 ¢ 8
-~ e e s ONIX
WA F Prte NN
N e e s e eD
Lo PSR ITRHV TR L |
HdddIddd e
LI I ]
[k S ¢ & S & )
“ ee s a0 e~
[[folalalaFoia )]
»>Z2Z2TZ>
AL
-~ e s 0 s N~
OO DMIN
PP rmgrtt & ¢ @
* e 08 6~ ON
ODNF O~
s eeev 000
[T o o oy T

3 3C 3 22 XXX XX
L e §

- O
Wb bw Z
[l T T T T LT T S VY]

THIS SUBROUTINE APPROXIMATES PLATE 5 BY A SERIES OF EQUATIONS

SUBKROUTINE PLATES (X»Y)

LOLO (S

OO0 00OOOCOCO0DOOOOOOOOODOVOORNOODOOIOVDCOCOIOD
OELRIDNMNTNONDRD~NMFNOMDBPO~NTSNOMDRO~NNSNONDRO~NT

MMNIMITIIITIIIIIINNANDINNNDNNOOOL O OO OO OIS P P, C DO D
VOO0 OO0 OO0 OO OO0V OOVOVOVOOOOVOVOLOVOOVOVL OO OO OO0 OO0 OO0
[ala]mlalalalalalalalalelalalnlaleclelalelalolalalelalalalnialololobe nTalelole loTalnle e lals Iale ]
COOO0000COOOOOOCOOOCOOLODOVDOCOOOOOOCOOOOOOOCO000
I I I T II I I T INISISEIIIIIITIIZITIIIIITTISIITINISIETY
7]
|
e
xX
(-}
w
[
P4
-~ —y
> (-]
Z N O
[« 2 | -~
18]
s O o
N Z -
N <
> -~ o
* - e [
~ ) N
] o -
x N pu ) >
* w4 — ~ [~ 4 4
N * ”m % [=]
- +2Z & — X (&)
X - o - uwd L4
- A IZ < O « [*Y]
~ ) 9CICLOX ] Lo | -4
L4 XX Yl L3 N .
X - DDV D, ~ o ® N
» q Wadwlwdr ~— L 2
D b= TX ~ w o &)
. J 22220 - —~udN\ on d
N Sttt X ] N~ Yt~
- ow — S~ . o ~NZ
W AN~ O U D W WOMDa
[+ 4 =00 Z ~N sl dX X .
wow aw ~ O I < NN\>
2 Z Lbubldgdo L] LXRY) x O=NZ
O = 0000 L] woed SOOIDO
a - . < P L R L TR S ] —0y
2 WWILIO> L] -~ -~ e I N~ 1 o e 2]
w O DDD2D Z 0 < Z ~88 B e e ey > X
Z XNIIIIXO - bt o - WOUDUD em—_J o%
- D2 CLLILWO N (4] w2 l~d o3t 1O~ o L ade
- DO>>>>0 . o o AR Nt Nt et LN N et Nt O O
D i X i © e 000y . % N O A@TTI M X DDTD aqZ
(] —0naind noooo«g OLOL) . JL IO K ZILIIOXXOu. b X
X W« > [ad U] .ZOI._Y-OG a0~ =D
M et Z Qe Nt Dt | O 1 X NCED U i) Y = N - O
D TOmTDTI O NArtmtMDDI AU N HZ2WOU U H I ZWUDVODIDUDIDVDIDVOmml Z
VN -2ZXXXXZO NFXXXX‘COEFAGNCDEFAIXXGXXICCIFFGXXR w
(-] o o o (=4 (-2
~ N ”m < (2} o
— - L -y -y

LOOOLLOLLL (4]



II. COLBY:

Colby's Bed Material Load Method
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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 (°F), median bed material
size (mm) and fine material concentration (ppm). A remark included as
part of the output indicates whether the computations were carried out

in a normal fashion, or if one or more 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 I5. NDATA is the number of sets
of input data to be fed to the computer at a time. A set of input data
consists of a group of variables necessary to specify a problem, as
detailed below.

B) INPUT DATA CARDS

The first card in input is followed by the sets of input data, to
be punched in format 6F10.0. A set of input data consists of the

following variables, relating to a channel cross section.

VARIABLES FORTRAN NAME UNITS
1) Average Velocity \' ft per sec
2) Hydraulic Depth D ft
3) Water Surface Width W ft
4) Temperature TF °F
5) Median Bed Material Size D50 mm

6) Fine Material Concentration FML 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=0K,
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 RANGE
Average Velocity 1-10 ft per sec
Hydraulic Depth 1-100 ft
Temperature 32-100 °F
Median Bed Material Size 0.1-0.8 mm
Fine Material Concentration 0-200000 ppm

3. FORTRAN NAMES FOR INPUT AND OUTPUT VARIABLES

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

Bed Material Transport GT
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4. EXAMPLES
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COMPUTATION OF TOTAL RED MATERIAL

TRANSPORT BY COLBYS METHOD
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CFD=10,%4CFD co

154 CONTINUE cot
FFEF=CFD®TCF coL
FEF=FEFsl, coL
Gl=FFFeGTUC coL
GI=GT%w coL
WRITE (6+161) GY+REMARK Cot.

60 10 1%6 coL

158 CONT INUE coL
WRITE (64158) REMARK coL

CONT INUE coL

157 CONTINUE ggt
158 FORMAT (5Xe 3B8HCOMPUTATIONS COULD NOT BE CARRIED OUT +/5Xs 24HDUE COL
170 DATA OUT OF RANGFs/5Xs BHREMARK= sR] coL
159 FORMAT (1H1+9Xs 33dCOMPUTATION OF TOTAL BED MATERIAL¢/10Xs Z6HTRANCOL
1SPORT 8Y COLBYS METHODs// oL
160 FORMAT (SXe4HSET :IS/&X;BIHAVERAGE VELOCITY +F12.2+12H FCOL
1T./5EC, ./ﬁx'eIHHYURAULiC veEP 1Fl2. e.xzu FTa oL

8 _9/5Ke 2THWATER SURFACE wlDTH Fl2.29 12H FTe c/onZ?NCOL
3TEMPERATURE i sFll. 2’12H DhG FAHHEN.'/bx-ZIthD{&M BECOL

4D MATERIAL SIZE sFl2e2912H MM, o /9Xe2THF INE MATERIAL CONCCOL
SENTRATIONF12.2¢12H FPM, s/) COoL
161 FORMAT (5Xe24HBED MATERIAL TRANSPORT =eF15.5912H TONS/DAY »/5X+9COL
IHREMARK = oR10//7) coL
162 FORMAT (15} coL
163 FORMAT (6F10.0) coL

END coL
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