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PROGRAM DYNA



1. INTRODUCTION

This program is intended for use in the computation of unsteady
flow in open channels. The program is sufficiently general in scope,
and is applicable to a wide range of routing problems. It is designed
to be used primarily as a canned program, although maximum benefit can
be obtained if the user has some familiarity with unsteady flow
concepts.

The program is written in a modular structure, with a main program
calling several subroutines to perform certain specific tasks. The
modularity of the program provides for ease of modification, updating
and improvement. The documentation given here is desigﬁed to help the
user get familiar with the qverall features of the program and its

input-output requirements.

2.  BRIEF DESCRIPTION OF THE MODEL

The unsteady flow model contained in program DYNA is a dynamic wave
model, i.e., a model that uses the complete equations of motion and
continuity. The numerical model is based on a finite difference formu-
lation of these two equations, using the Preissmann four-point implicit
scheme. A significant feature of this scheme is the provision of a
weighting factor ©, which is used to control the stability and conver-
gence properties of the model.

The nonlinear nature of the partial differential equation leads to
a nonlinear system of algebraic equations. 1In order to solve directly,
without iteration, the system is linearized by using a series expansion.
The approximation inherent in the linearization is sufficiently accurate

provided Af/f << 1, where f is any function.



The system of linear algebraic equations is solved by the double
sweep solution technique. This enables the calculation of the updated
values of the dependent variables, i.e., discharge, flow area, stage.
The computation then advances to the next time step.

The model enables the simulation of the variation in time of
discharge, flow area, stage, etc. along a channel reach, given initial
and boundary conditions. The several computational options available

are explained in the following section.

3. PROGRAM FEATURES

DYNA has the following programming features:

(1) Maximum number of computational reaches = 100. Maximum number
of time steps = 500. With these array sizes, the central
memory requirements do not exceed 140,000 (octal).

(2) Twenty-two (22) subroutines, each performing a specific
function. The flow of information from main program to
subroutines and between subroutines is done primarily by
labeled common blocks. Large array common blocks are labeled
A through H, and single variable P through U.

(3) Eight (8) indicators for program capabilities. Each indicator
can be either 0 or 1, depending on the user's choice. The
choice of indicators determines the arrangement of the input
file, as illustrated in the following section.

(4) For added convenience, the input-output is described in the
source file by using comment cards.

A brief explanation on the use of the indicators is given below:



INB Downstream Boundary Type
If INB = 0, a kinematic wave boundary condition is specified
at the downstream section by subroutine BOUN. This is
essentially a single-valued rating curve. If INB = 1, the
effect of the water surface slope on the rating curve is taken
into account.

INC Calendar Time Capability

If INC = 0, there is no capability for the calculation of
calendar time, and no need to enter related data on card D. If
INC = 1, subroutine CALE will calculate the calendar time for
each time step of the computation, given the initial date and
time for t = 0, as read in card D.

IND Input Data Type
If IND = 0, the data corresponds to a natural channel case,
while if IND = 1, a hypothetical case for a rectangular pris-
matic channel is being considered. This feature allows the
user to run the program on a hypothetical channel mode, in
order to test its performance and gain additional familiarity
with it.

INL Lateral Inflow Option
If INL = 0, no 1lateral inflow <can be included in the
computation. If INL = 1, lateral inflow can be considered.
The maximum number of reaches where lateral inflow can be
specified is 8. (If necessary, this feature can be modified by
increasing the size of labeled common I and reformatting cards

P and Q.)



INP Plotted Output Capability
If INP = 0, no plotted output capability. If INP = 1, the
discharge and stage hydrograph at the downstream section will
be plotted using the MAPA library routine.

INR Printed Output Capability
If INR = 0, an extended printed output is given. This
includes range, discharge, flow area, stage, mean velocity,
wetted perimeter, top width, hydraulic radius, hydraulic depth
and Froude number. If INR = 1, a condensed printed output is
given: discharge, flow area and stage.

INS Cross-Sectional Data Input
If INS = 0, the cross-sectional data is giveh in terms of x-z
coordinates, and the program calculates the cross-sectional
hydraulic characteristics. If INS = 1, the cross~sectional
hydraulic characteristics -are given directly as input data.

INU System of Units
If INU = 0, the S.I. (Kg-m-sec) units are utilized throughout
the program. If INU = 1, the U.S. customary system

(1b~ft-sec) is used.

4. INPUT-OUTPUT EXAMPLES
Three examples are given to illustrate the use of program DYNA.

The examples are detailed in Table 1.

Table 1
DYNA: ITLLUSTRATIVE EXAMPLES
Example INS IND INL INPUT OUTPUT
A 0 0 1 Fig. 1 Fig. 4
B 1 0 0 Fig. 2 Fig. 5

c 1 1 0 Fig. 3 Fig. 6
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UNSTEADY FLOW IN OPEN CHANNELS: PROGRAM DYNA/ EXAMFLE A A
JUNE 14-20, 1980 B
01010000 c
10 48 4 6.000 0.60  0.0001 0.080 616 12. 0.0 0.0 D
4
100. 105. 100. 100. 300. 100, 300. 105.
4
100. 104. 100. 99.90 300. 99.0 300. 104,
4
100. 103. 100. 98.0 300. 98.0 300. 103.
. .
100. 102. 100. 97.0 300, 97.0 300. 102.
4
100. 101. 100. 96.0 300, 94.0 300. 101,
3
100. 100, 100. 95.0 300, 95.0 300. 100, i
4
F
100. 99.0 100. 94,0 300. 94.0 300. 99.0
4
100. 98.0 100. 93.0 300. 93.0 300. 98.0
4
100, 97.0 100. 92.0 300. 92.0 300. 97.0
4
100. 94.0 100. 91.0 300. 1.0 300. 94.0
4
100. 95.0 100. 90.0 300. 90.0 300. 95.0 —
10000. 10000, 10000. 10000. 10000, 10000. 10000. 10000, G
10000. 10000, _
0.02374  0.02374  0.02374  0.02374  0.02374  0.02374  0.02374  0.02374
0.02374  0.02374  0.02374 —
91.4884  200.0 1.45 0.20 .
213.63  253.59  317.157  400. 496,472 400. 703.528  800.
882.843  9446.410  9856.370  1000. 986.370 946.410 882.843  800.
703.527  400. 496.472  400. 317.157  253.59  213.63 200, M
200. 200. 200. 200. 200. 200. 200, 200.
200. 200. 200. 200. 200. 200, 200, 200,
200. 200. 200, 200. 200. 200, 200. 200. .
2 O
3 P
50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
50.0 Q
100 100 100. 100. 100. 100 100 100
100. 100 100, 100. 100. 100. 100. 100,
100. 100. 100. 100. 100. 100. 100, 100.
100. 100. 100, 100. 100. 100. 100. 100.
100. 100. 100, 100. 100. 100. 100, 100.
100. 100. 100. 100. 100. 100. 100. 100.
100. ___
-’/l-’/.’.//l"!.’II/.’/.’/z."'/!//.'.'."3.".'.".’//./.’/4//.’/////."5/f'/,’//1.’.’6."/"////.’-"7.’/l.’/.’.’/IB
Fig. 1 Program DYNA, Example A: Input
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UNSTEADY FLOW IN OPEN CHANNELS: PROGRAM DYNA/ EXAMPLE B

JUNE 16~20
10001110
10 48
89.5414
88.54%94
87.5380
84,5645
85.5752
84.5840
83.5931
82.6023
81.6117
80.46213
79.6311
200.
200.
200,
213.43
B82.843
703.527
200.
200,
200,

y 1980

4
¢.0218
0.0221
0.0223
0.0225
0.0229
0.0230
0.0232
0.0234
0.0237
0.023%
0.0242
337.714
337.714
337.714
253.5%
746410
600,
200.
200.
200.

6.0
179.0828
179.0828
179.0828
179.0828
179.0828
179.0828
179.0828
179.0828
179.0828
179.0828
179.0828
200.
200.
200.
317,157
786.37¢
496.472
200.
200.
200.

0.460
0.0218
¢.0218
0.0218
0.0218
0.0218
0.0218
0.0218
6.0218
0.0218
0.0218
0.0218
337.714
337.716
337.716
400.
1000.
400 *
200,
200.
200,

0.0001

200.0000
200.0000
200.0000

200.0000 .

200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.0000
200.
200.
200,
4946.472
786,370
37,157
200.
200.
200.

5000.0

0.0000
0.0000
0.0000
0.000¢
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
337.716
337.7216
337.716
400,
F46.410
253.59
200.
200.
200.

0.0237
0.0237
0.0237
0.0237
200.
200.

703.528
882.843
213.43
200.
200.
200.

10000.
10000,
10000,
10009,
10000,
10000,
10000,
10000,
10000.
10000.

10000,

337.716
337,716

8040,
800.
200.
200.
200,
200.

|oloja]>
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Fig. 2 Program DYNA, Example B:

Input
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UNSTEADY FLOW IN OPEN CHANNELS: PROGRAM DYNA/ EXAMPLE C A
JUNE 16-20, 1980 B
01100010 <

10 9 8 6.0 0.60  0.0001  5000.080 416 12. 0.0 0.0 _D_
200. 337.716  200. 100. 179.0828 0.0218  200.0000 0.0000 L
0.0237  10000. 1.45 0.20 —_—
1000. 200. 72.0 N

|
|

i
/l.’l/.’.‘ll‘.'////.’."/.‘2.’.'.’///."/l3/!.’.’/!///4//’///.’-’//5/.‘///(-’-"16.'.".'.’/.'.l.".";’.-‘/.’I//.’.‘/B

Fig. 3 Program DYNA, Example C: Input
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DYNA===«=FL 30D ROUTING wlTH & DYNAMIC wAVE MODEL
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UNSTEADY FLO# IN OPEN CHANNELS: PROGRAM DYNA/ EXAMPLE A

JUNE 16204 1980
INRz 0 INDICATOR OF DOWNSTREAM BOUNDARY TYPE
INC= 1 INDICATOR OF CALENDAR CAPABILITY
IND= ¢ INDICATOR OF INPUT DATA TYPE
INL= | INDICATOR OF LATERAL INFLOW
INP= 0 INDICATOR OF PLOTYED OUTPUT
INv= 0 INDICATOR OF YYRE OF PRINTED outPyl
INS= 0 INDICATOR OF CROSS SECTIONAL INPUT
INu= 0 INDICATOR OF SYSTEM OF UNITS
JR = 10 REACHES
JP = 11 CRUSS SECTIONS
NT = 48 TIME STEPS '
15T= 6400 DAYS =~ TOTAL SIMULATION TIME
NTy= «13 DAYS =~ TIME INTERVAL
DY = 10800, SECUNDS = TIME INTERVAL
THE= «60 WEIGHTING FACTOR OF IMPLICIT SCHEME
SLO= 000100 NORMAL WATER SURFACE SLOPE AT DOWNSTREAM SECTION FOR KlNEMAtlc BOUNDARY CONDITION
HYDRAULIC AND CRDSS SECTIONAL PROPERTIES
J XA X8 Al 81 a2 Be XN Ox N
1 89,5414 0218 179.,0828 «0218 200.0000 0000 0237 10000. 1
? B8.5496 0221 179.0828 0218 200+0000 «0000 «0237 10000 2
3 8745580 0223 179,0828 0218 200,0000 «0000 0237 10000, 3
s 8645665 0225 179,0828 «0218 20040000 «0000 «0237 10000, A
8 85,5752 0227 179.0828 «0218 200,0000 #0000 0237 10000 S
A B4.5840 0230 179.0828 #0218 2000000 0000 +0237 10000 3
7 83,5931 +0232 179.0828 0218 200.0000 «0000 »0237 10000, 7
2 82,6023 +0236 179.0828 «0218 200,0000 20000 0237 10000, 8
9 Bl.6117 «0237 179.0828 «0218 20040000 +0000 0237 10000 9
1n 8045213 £ 0239 179.0828 0218 20040000 «0000 $0237 10000, 10
11 19,4311 0242 179.0828 «0218 20040000 «0000 «0237 -’ 11
TIME STEP CALENDAR TIME B0/06/1% 12:00:00
J  DISTANCE DISCHARGE AREA STAGE  VELOCITY W.PERIMETER TOP A1DTH HYD,RADIUS HYDsDEPTH FROUDE ND J
1 0.0 200,000 337.716 101.6886 5922 203,3772 200.0000 1.6605 1.5886 15 1
? 10000.0 2004000 337.716  100.6886 +5922 203.3772 20040000 1.6605 1.5886 .15 2
3 20000.0 20604000 337.716 99,6886 5922 203.3772 200,0000 1.6605 1.6886 «15 3
4 30000.0 200.000 337.716 98,6886 5922 203,37712 200,0000 1.6605 145886 15 o
s 40000.0 200,000 337.716 97,6886 «5922 203,37172 200.,0000 1.6605 1.5386 .15 5
3 5$0000,0 2004000 337.716 96,6886 | +5922 203.3772 200,0000 16605 1.5486 .15 5
7 6000040 200.000 337.716 5922 203.3772 20040000 1.6605 1.5938 15 7

95,6886

Fig. 4 Program DYNA, Example A:

Sample of Output

01



[ 1YUUVev cuveuuU” 3ITTILS TR OBDOT T TGS T - CU3e2r (& T EUVeVUUY TTTeOUUS Tednno Ty T T T
9 8000040 200,000 337.717 93.6886 «5922 203.3772 200,0000 1.6605 1.5886 .15 9
10 90000.0 200.000 337.717 92.6886 5922 203,37712 200.0000 1.6605 1.5336 .15 10
11 100000.0 200,000 337.720 91.6886 «5922 203,3772 200.0000 1.6606 1.5886 .15 11
TIME STEP 4 CALENDAR TIME B80/06/17 00:00:00
J DISTaNCE OISCHARGE AREA STAGE VELOCITY W.PERIMETER TOP AIDTH HYD,RADIUS HYD.DEPTH FROUDE ND J
1 0.0 400.000 4904384 102.5141 «8157 205.0282 200.0000 2.3918 2¢6519 17 1
? 10000.0 339,280 445.818 101.,3010 «7610 204.6020 200.0000 2.1790 242291 .16 2
3 20000.0 2904942 430,063 100,2206 «6765 204.46413 200.0000 2.1038 2.1503 «15 3
4 30000.0 301,094 420,894 99,1725 «T154 20643451 200,0000 240597 241045 .16 Y
S 40000.0 276.986 399.468 98,0560 +5934 208,1120 200.0000 1.9571 1.9973 .16 3
) 50000.v 251.790 391.714 97.0123 «6428 2064.02647 200.0000 1.9199 1.9586 15 A
7 60000.0 238.023 424,879 96,1935 «5602 204,.3871 200.0000 2.0788 241244 12 1
] 70000.0 320.896 442,170 95.2825 «7257 204.5653 200.0000 241615 242109 .16 B
9 80000.0 307.934 4284105 94,2103 «7193 204.4209 200.0000 240942 201405 16 9
1n 90000.0 285.761 411,093 93.1198 +6951 206.2399 200.0000 2.0128 240555 15 1 0]
11 10V0000.0 269,179 405,669 92.0902 6635 206,1807 200,0000 1.9868 2.0283 .15 11
TIME STEP 8 CALENOAR TIME 80/06/17 12:00:00
J DISTANCE UISCHARGE AREA STAGE VELOCITY W PERIMETER TOP WIDTH HYD.RADIUS HYD«DZPTH FROUDE NJ J
1 0.0 800,000 762,275 103.5064 140495 207.0129 200.0000 3.6823 3.8116 17 1
2 10000.0 743,156 727.425 102.,4008 l.0216 206.8014 200.0000 3.5175 3.6371 17 2
3 20000.0 680,954 704,755 101,3293 «9662 206,6585 200.0000 3.4102 3.5238 .16 3
o 30000.0 663,872 674,588 100,2306 «984] 206,4611 200.0000 3.2674 343729 17 “
S 40000.0 594,508 628,468 99,0711 «9460 206.1421 200.0000 3.,0487 3e1423 17 L)
) 50000.0 522.842 583,502 97,9041 «8960 205,8081 200.0000 2.8352 249175 .17 )
7 60000.0 456,952 5784456 96.8845 «7900 205.7631 200.0000 2.8112 248923 o15 7
A 70000.,0 499,366 569,133 95,8480 «BT774 205.6961 200.0000 2.7669 2.8457 17 -
9 80000.0 451.512 536,65) 94,7161 «8414 205.4323 200,0000 2.6123 246033 .16 9
10 90000.0 411.528 509,392 93,5991 «8079 205,1985 200.0000 2.4824 2.3470 «16 10
11 100000.0 378,012 499,491 92,5551 + 7568 205.1106 200.0000 244352 2.4975 «15 11
TIME STEP 12 CALENDAR TIME 80/05/18 00:00:00
J OISTANCE DISCHARGE AREA STAGE VELOCITY W.PERIMETER TOP WIDTH HYD,RADIUS HYDeDEPTH FROUDE N J
Fig. 4 (continued)

11
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UNSTEADY FLOW IN OPEN CHANNELS: PROGRAM DYNA/ EXAMPLE 8

JUNE 16~20, 1980

INR= 1 INDICATOR OF DOWNSTREAM BOUNDARY TYPE
INC= 0 INDICATOR OF CALENDAR CAPABILITY

INO= ¢ INDICATOR OF INPUT DATA TYPE

INL= 0 INDICATOR OF LATERAL INFLOW

INP= ] INDICATOR OF PLOTTED QUTPUT

INR= } INDICATOR OF TYPE OF PRINTED outPyuTY
INS= 1 INDICATOR OF CROS5S SECTIONAL INPUT
INU= 0 INDICAYOR OF SYSTEM OF UNITS

JR = 10 REACHES

JP = 11 CROSS SECTIONS

NY = 48 TIME STEPS

TST= 6400 DAYS = TOTAL SIMULATION TIME
NTu= +13 DAYS = TIME INTERVAL

DT = 10800, SECONDS = TIME INTERVAL

THE= »60 WEIGHTING FACTOR OF IMPLICIT SCHEME

SLh= «000100 NORMAL WATER SURFACE SLOPE AT DOWNSTREAM SECTION FOR KINEMATIC BOUNDARY CONDITION

HYDRAULIC AND CROSS SECTIONAL PROPERTIES

-

-

J XA x8 Al Bl A2 82 XN vx J
1 89,5616 «0218 179.0828 0218 200,0000 040000 «0237 10000, 1
? 8845496 20221 179.0828 0218 200.0000 040000 w0237 10000« 2
3 87.5580 «0223 179.0828 «0218 200.,0000 040000 0237 10000 3
4 86,5665 « 0225 179.0828 0218 200.,0000 040000 0237 10000 4
5 85,5752 0227 179.0828 «0218 20040000 0.0000 <0237 10000, 5
L] 8445860 «0230 179.0828 0218 200.0000 0.0000 «0237 10000 6
7 83,5931 #0232 179.0828 «0218 200.0000 0.0000 ~0237 10000, 7
] 82,6023 0234 179.0828 «0218 200,0000 040000 « 0237 10000, B
9 B8l.5117 #0237 179.0828 0218 200.0000 040000 #0237 10000, 9
10 80.6213 0239 179.0828 0218 200.0000 0.0000 0237 10000 10
11 79,6311 + 0242 179.0828 «0218 200.0000 040000 0237 100004 11

- - - - - -

TIME STEP 0

2 T o > o > D = - o - - " " o - - - " - - -

- "

J DISCHARGE ARFA STAGE J DISCHARGE AREA STAGE o DISCHARGE AREA STAGE
1 200.0000 337.7160 10146591 6 200.0000 337.7160 96,7041 9 200,0000 2337.7160 93,6859
? 200.0000 337.7160 100.7048 7 200,0000 337.7160 95.6826 10 200.0000 337.7160 9246578
3 200.0000 337.7160 99.6971 8 200,0000 337.7160 94,6586 11 200,0000 337.7160 91.5798
4 200.0000 337,.7160 98.6830

S 200,0000 337.7160 9746666

- -y - - -

Fig. 5 Program DYNA, Example B: Sample of Output
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TIME STEP 4

-

-

- " - —mn

J DISCHARGE AREA STAGE J OISCHARGE AREA STAGE J ) D1SCHARGE AREA STAGE

1 400.,0000 497.,0843 102.5194 6 21544466 346.2029 96,7593 9 201.7%914 337,0580 93.6826

2 339.5926¢ 442,2626 10143109 7 20641979 341.2956 95,7060 10 © 200,4924 360.0428 92,6730

3 288.0708 402,4426 100.0877 8 206,2441 362,5082 94,6899 11 200,7208 338,4347  91.6845

" 251,6160 374.9066 98,9152

5 228.8204 361.7675 97,8192

TIME STEP 8

J DISCHARGE  AREA STAGE J DISCHARGE  AREA STAGE J DISCHARGE  AREA STAGE

1 800,0000 773.2719 103.5117 6 463,4402 532.8558 97,7238 9 283,4947 398.6947 94,0562

2 763,1131 723,1073 102.6177 7 391.0764 #75.9379 96,4559 10 251.7853 379,066  92.9140

3 680.8760 682,3695 101.2732 8 330,0818 40,4387 95,2487 11} 229,2041 366,8886  91.8638

4 613,0089 636.6277 100,1007

5 539.,4408 595,8860 98,9337

TIME STEP 12

J DISCHARGE  AREA STAGE J DISCHARGE  AREA STAGE J DISCHARGE  AREA STAGE

1 1000,0000 904,7885 103,8668 6 882,7426 807.5275 98,6627 9 716,1213 699,402  95.3175

2 990.8596 880,0570 102.8633 7 836.3793 77841631 97,5536 10 641.7489 660.6761 94,1559

3 974,9460 B868.4184 101,8192 8 780,6478 T754,065T 96,4567 11 557,3054 627,7496 93,0657

4 951.9039 853,8318 100.7641

5 921,0953 B46,9370 99.7264

TIME STEP 16

J DISCHARGE  AREA STAGE J DISCHARGE  AREA STASE J DISCHARGE  AREA STAGE
Fig. 5 (continued)

€1
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DYNAm===FL 000 ROUTING wITH & DYNAVWIC WAVE MODEL
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UNSTEADY FLOw IN OPEN CHANNELS: PROGRAM DYNA/ EXAMPLE €
JUNE 1620, 1980

INB= 0 INDICATOR OF DOWNSTREAM BOUNDARY TYPE
INC= 1 INDICATOR OF CALENDAR CAPABILITY

IND= )} INDICATOR OF INPUT DATA TYPE

INL= 0 INDICATOR OF LATERAL INFLOW

INP= 0 [NDICATOR OF PLOTTED OUTPUY

INR= 0 INDICATOR OF TYPE OF PRINTED ouTPUr
INS= 1 INDICATOR OF CRDSS SECTIONAL INPUT
INU= 0 INDICATOR OF SYSTEM OF UNITS

JR = 10 REACHES

JP = 11 CHROSS SECTIONS

NT = 96 TIME STEPS

TST= 6400 DAYS ~ TOTAL SIMULATION TIME
DYu= «06 DAYS = TIME INTERVAL

DY = 5400, SECONDS = TIME INTERVAL

THE = «60 WEIGHTING FACTOR OF IMPLICIT SCHEME

SLos +000100 NORMAL WATER SURFACE SLOPE AT DOWNSTREAM SECTION FOR KINEMATIC BOUNDARY CONDITION

HYDRAULIC AND CROSS SECTYTIONAL PRO0PERTIES

J XA xg Al Bl a2 82 XN 0x J
1 89,5416 .0218 179.0828 «0218 20040000 040000 «0237 10000, 1
? 88,5696 #0221 179.0828 « 0218 200.0000 040000 «0237 100004 2
3 87.5580 +0223 179.0828 «0218 200.0000 0.0000 «0237 10000, 3
4 86,5665 « 0225 179.0828 «0218 200.0000 040000 20237 10000, 4
5 85,5752 $0227 179.0828 .0218 200.0000 0.0000 «0237 10000, s
6 86,5840 0230 179,0828 «0218 2000000 0.0000 «0237 100060, &
7 83.5931 +0232 179.0828 «0218 200.0000 0.0000 0237 10000 7
8 82,6023 «0234 179.0828 <0218 200.0000 0.0000 0237 10000, 8
9 8146117 . 0237 179.0828 . 0218 20040000 040000 «0237 16000, 9
10 80.6213 +0239 179.0828 0218 20040000 0.0000 0237 10000, 10
11 79.6311 0242 179,0828 0218 20040000 0.0000 «0237 10000 11
TIME STEP 0 CALENDAR TIME 80/06/16  12:00:00
J  DISTANCE DISCHARGE AREA STAGE  VELOCITY WePERIMETER TOP WIDTH HYD,RADIUS HYDLDEPTH FROUDE NO g
1 5000.0 2004000 337.716  101.6824 »5922 203,3182 200.0000 1.6610 1.5886 «15 1
2 15000.0 200,000 337.718 100.6824¢ «5922 203,.,3182 20040000 146610 le58886 15 2
3 25000.0 200,000 337.716 99,6824 5922 203,3182 20040000 146610 1.5886 15 3
A 3500040 2004000 337.716 9846824 «5922 203.3182 200.0000 1.6610 145886 .15 4
5 45000.0 200,000 337.716 97.6824 5922 203,.3182 20040000 1.6610 145386 «15 5
A 55000.0 200,000 337.716 56+6824 «5922 203,3182 200,0000 1.6610 1.5886 .15 &
7 68000.0 200,000 337.716 95,6624 «5922 203.3182 200.0000 1.6§1o 1.6886 +15 7

Fig. 6 Program DYNA, Example C: Sample of Output

ST



9 $5000.0 200,000 337.716  93.6B26 L5922 203.3182  200.0000 1.6610 To6RB56 W15 3
16 95000.0 200,000  337.716  92.6825  .5922 203, 3182 200.0000 1.6610 1.5886 15 10
11 1U5000,0 200,000 337716 91.6825 5922 203.31R2 200.0000 1.6610 1.588% 215 11

TIME STEP & CALENDAR TIME 80/06/17  ©00100:00
J  DISTANCE  UISCHARGE AREA STAGE  VELOCITY  w.PERIMETER  TOP. 4IDTH  HYD.RADIUS  MYD.DEPTH  FROUDE N3  J
- - - -

1 5000.0 400,000 488,663 102,5062  ,A186 204,9624 20040000 2.3842 2.4433 a7 1

2 1500040 339,818  442.607 101.2848 7678 204.5206 200.0000 241641 2.2130 .16 2

3 25000.0 288,396 4024886 100.0750 7158 206.1018 200,0000 1.9739 2,014 .16 3

4 35000,0 250,213 373,750  98.9078  .6695 203.768] 200,0000 1.8342 1.8437 16 “

5 #5000.0 225,701 355,588  97.7970  .6347 203.5669 200.0000 1.7870 1.7779 .15 5

6 55000.0 211.858 345,710  96.734k 6128 203.4219 20040000 1.6995 1.7285 .15 .

T 6500040 204.878 340,936 95,7035  .6009 203.3603 200.0000 1.6765 1.7067 15 7

8 7500040 201.745 338,878  94.6901  .5953 203.3334 200,0000 1.6666 1.5944 15 H

Q 85000.0 200,495 338.090 93,6849 +5930 203.3231 200.0000 1.6628 15905 o35 9
10 95000.0 200.063  337.807  92.6831  .5922 203.3194 20040000 1.6615 1.5890 .15 10
31 10500040 199.918  337.632  91.681%  ,592) 203.3171 200.0000 1.6606 1.6882 15 1

TIME STER 16 CALENDAR TEIME 80/06/17 12100100

3 D1STANCE DISCHARGE AREA STAGE VELOCITY WePERIMETER TOP WA10TH HYD . RADIUS HYDJDEPTH FROUDE NO J

1 $000.0 800,000 7614178 103,5032 1.0810 206.9523 200.0000 3.6780 3.8059 17 1

2 15600,0 743,639 7254009 107.3932 1.0257 206,7328 200,0000 3,5070 3.5250 17 4

3 25000.0 681.236 684,07 101,262  .9958 206.4711 200.0000 3.3132 3.4206 a7 3

4« 35000,0 613.100 638,273 100.1059  .9606 206.1593 20040000 3.0960 3.1916 a7 “

5 45000.0 540,263  587.98]  98.9213  .91A8 205.7908 200.0000 2.8572 2.3399 7 M

6 55000.0 465,145 5344659 97,7077 .8700 205.3648 200.0000 2.6035 2.6733 a7 s

7 65000.0 392,381 4B1.%69 96,4734 8148 204,8971 200.0000 2.3%03 246078 17 7

8 15000.0 328,657  433.970 95,2607  .7573 204,4328 200,0000 2.1228 2.1659 .18 A

] B85000,0 279,554 396.927 94,0417 070463 2064,.0355 200.,0000 149454 149845 «16 )
10 950000 246,185 3714298 92,8931 e 6630 203,738a 200.,0000 18224 1.8565 .16 10
11 105000.0 223.466 361,317 91.8325  .6185 203.61738 200.0000 1.7745 1.8066 .15 11

TIiME STEP 24 CALENDAR TIWE 80/06/18 00200200
J  OISTANCE  DISCHARGE AREA STAGE  VELOCITY  WePERIMETER  TOP WIDTH  HYD,RADIUS T

Fig. 6 (continued)
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LIST OF SUBSCRIPTED VARIABLES

A Flow area

Al Coefficient a, in wetted perimeter-area (p = alAbl)
A2 Coefficient a, in top width-area (w = azAbz)
B1 Exponent bl in wetted perimeterarea (p = alAbl)
B2 Exponent b2 in top width-area (w = azAbz)

CB Matrix coefficient

CD Matrix coefficient

CE Matrix coefficient

CF Matrix coefficient

cG Matrix coefficient

CH Matrix coefficient

CP Right~hand side of continuity equation

CR Right-hand side of momentum equation

cs Internal array of double sweep algorithm

CT Internal array of double sweep algorithm

DA Change in flow area

DQ Change in discharge

DX Reach length

FR Froude number

H Auxiliary variable for backwater computations
HD Hydraulic depth

HV Auxiliary variable for backwater computations
KLI Number of locations with lateral inflow

NP Auxiliary variable for backwater computations

PE Wetted perimeter
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Q Discharge

QI Inflow discharge

QLI Lateral inflow

RA Hydraulic radius

RR Range

SF Friction slope

THEG Auxiliary variable

TXA Auxiliary variable

TXB Auxiliary variable

TXC Auxiliary variable

TXD Auxiliary variable

TXE Auxiliary variable

VE Mean velocity

wD Top width

XA Coefficient a in stage-area (y = aAb)
XB Exponent b in stage-area (y = aAb)
XC Auxiliary variable

XD Auxiliary variable

XN Manning's n

XX Abscissa of cross-section

XZ Ordinate of cross-section

Y Stage
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PROGRAM LISTING

C.....I.Q.........'....‘.....QQQQ'.....Q.......Q...l..’.’......'.....'.......I..

C# -
Ce -
Ce D Y N A .
C# »
Cw -
T T T Y T T TP Y YRR A T T T R SR T Y A T R T Y RS2 AL L a2
Cc# »
CosnseOEVELOPED ENGINEERING RESEARCH CENTER, COLORADD STATE L
Ce UNIVERSITYy FORT COLLINSs COLORADO 80523, L4
Ce »
CoeuneDESCRIPTION DYNA 1S A GENERALIZED COMPUTER PROGRAM FOR THE L)
(4 COMPUTATION OF UNSTEADY FLOW IN OPEN CHANNELS USING -
Ce THE DYNAMIC waVE MODEL. -
Ce .
CeesneaCORE USAGE MAXIMUM NUMBER OF REACHES= 100 .
Ce MAXIMUM NUMBER OF TIME STEPS= 500 »
Ce CENTRAL MEMORY REQUIREMENTS= 120000 OCTAL. .
Ce . -
CeenuavERSION MKls MAY 1980, L
Ce ’ -
CooesaDISCLAIMER THIS PROGRAM IS ACCEPTEO AND USED BY THE RECIPIENT .
Cce UPON THE EXPRESS UNDERSTANDING THAT THE DEVELOPERS L
Ce MAKE NO WARRANTIESs EXPRESSED OR IMPLIEDs CONCERNING L4
[ 4 THE ACCURACYy COMPLETENESSs RELIABILITY OR SUITABILITY [
ce FOR ANY ONE PARTICULAR PJURPOSE, AND THAT THE DEVELOPERS L4
ce SHALL BE UNDER NO LIABILITY TO ANY PERSON 8Y REASON -
C# OF ANY USE MADE THEREOF. : -
Ce -
CessesaSUBROUTINES NAME OESCRIPTION )
C# 3
C# ARPE HYDRAULIC VARIABLES AT A CROSS=SECTION L
Ce BACK BACKWATER CURVE L4
Cce BOUN DOWNSTREAM BOUNDARY CONDITIONS .
(o4 CALE CALENDAR TIME L]
Ce COEF MATRIX COEFFICIENTS -
Cce COEL LATERAL INFLOW °
Cc* COME HYDRAULIC CHARACTERISTICS AT a CROSS=SECTION .
Cc* COMP AUXILIARY COMPUTATION L)
ce COOR READS X=Z COORDINATES OF CROSS=SECT]IONS [
cs DOUB DOUBLE SWEEP ALGIRITHM D
(14 HEAD INPUT AND AUXILIARY CALCULATION: .
Cw HYCO HYPOTHETICAL CONDITIONS -
Ce INCO INITIAL CONDITIONS .
Ce PLOT PLOTS 0OUTPUT -
ce PRIC PRINTS CROSS=SECTIONAL PROPERTIES L
Ce PRIN PRINTS OUTPUT IN REDJUCED FORM .
Cce PRIX PRINTS EXTENDED JUTPUT »
Cce QTIM READS INFLOW HYDIOGRAPH AND LATERAL INFLOW DATA L3
Cce REGR LEAST SQUARE REGRESSION -
Ce RELO VARIABLE RELOCATION IN TIME »
ce VACE AUXILIARY FOR BACKW#ATER COMPUTATIONS L
ce VACO AUXILIAR]Y HYDRAULIC VARIABLE COMPUTATION -
Ce .
CesuneINDICATORS FOR PROGRAM CAPABILITIES [3
Ce '3
Cce NAME DESCRIPTION -
C* .
Ce INB  DOWNSTREAM BOUNDARY TYPE .

-

C* 0= KINEMATIC WAVE BOUNDARY CONDITION



INC

IND

INL

InNP

INR

INS

Inv

Co##esuINPUT DESCRIPTION

Cce
Ce
Ce
Ce
Cce
ce
Ce
e
fol 4
ce
c*
C*
ce
Ce
[l 4
Ce
[of 4

ce .

C*
Ce
Ce
e
[od 4
Cce
fold
C*
fol
ce
Ce
ce
C#
fod ]
e
S ow
e

CARD NUMBER

A

8
¢
0

1
1
1

NP/ &

JR/8
JrP/8

JP
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1= DIFFUSIVE WAVE BOUNDARY CONDITION
CALENDAR TIME CAPABILITY

0= NO CALENDAR TIME

1= CALENDAR TIME
INPUT DATA TYPE

0= REAL CASE~ VATURAL' CHANNEL

1= HYPOTHETICALH CASE=~ PRISMATIC CHANNEL
LATERAL INFLOW 02T]ON

0= NO LATERAL INFLOW OPTION

1= LATERAL INFLO® OPTION
PLOTTED QUTPUT CAPABILITY

0= NO PLOYTED JUTPUT OPTION

1= PLOTYED OUTPUT OPTION
PRINTED OUTPUT CAPABILITY

0= EXTENDED PRINTED OUTPUTY

1= REDUCED PRINTED OUTRUT
CROSS~SECTIONAL DATA INPUT

0= INPUT OF CROSS~SECTIONAL X=~Z COORDINATES

1= INPUT OF CROSS=SECTIONAL HYDRAULIC

CHARACTERISTICS

SYSTEM OF UNITS

0= S.1. UNITS (METRIC)

1= UeSs CUSTOMARY (LB=FT-SEC)

DESCRIPTION

NAME OF RUN
DATE OF RUN
INPUT OF INDICATORS

INPUT OF OISCRETIZATION: DATA

(IF(INC.,EQ.0) NO NEED TO ENTER YEARs MONTHs DAY,
HOURs MINs SEC)

JRENTWNTP

TSTeTHESSLDWRN

YEARWMONTHy DAY

HOURsMINSSEC

FORMAT
40A2
40a2
8011

315
4F10.0
312
3IF5.0

(IF(INS.EQ.0} READ CARDS E AND Fy JP TIMES) (NOTE JPaJR+})

NUMBER OF POINTS DESCRIBING A CROSS SECTION

ABSCISSAS AND ORDINATES OF CROSS SECTION POINTS

(IFUINS.EQ.0) READ CARIS GeHeAND I}

REACH LENGTH

MANNING N

INITIAL VALUES FOR BACKWATER COMPUTATION

(IF(INS,EQel AND IND4EI¢0) READ CARD J)

HYDRAULIC AND CROSS~SECTIONAL CHARACTERISTICS

110

B8F10.0
BF1040
BF10.0

8F10.0

¥ EEE O EELSEEEREE TS EEES TR EELEEEEEEESESEEESES ST ERSSESEE SN EEES



Ce K JP/4

Ce L] NT/8

c* P NL1/8

ce Q NL/8

CensnaQUTPUT DES
ce
Ce IF{INRGE
ce
[
Cc*
Cce
ce
c* IF (INRJE
c*
ce

21

(IF(INS.EQ.]1 AND IND.EQ.0) READ CARD K)

INITIAL CONDITIONS

(IF(INS.EQe1 AND INDJEJ4)) READ CARD L)

INPUT OF REFERENCE VALJES FOR MYPOTHETICAL PROBLEM

(IF(IND.EQ.0) READ CARD M)

UPSTREAM INFLOW DISCHARGE HYDROGRAPH

(IF({INDJEQ.1) READ CARD N)

CHARACTERISTICS OF HYPITHETICAL INFLOW HYDROGRAPH

(IF(INL.EQel) READ CARD O)

NUMBER OF REACHES WITH LATERAL INFLO#

(IF(INLCEQs1) READ CAR) P)

REACH LOCATION WITH LATERAL INFLOW

(IF (INL+EQs}) READ CARD QyNLI TIMES)

LATERAL INFLOW

CRIPTION
Q,0) CALL PRIX= EXTENDED 0JTPUT

RANGE+»DISCHARGE¢FLOW AREAsSTAGE,MEAN
VELOCITYsWETTED PERIMETERTOP WIOTH,
HYDRAULIC RADIUSsHYDRAULIC DEPTH»
FROUDE NUM3ER,

Q,1) CALL PRIN= CONDENSED JUTPUT
OISCHARGEsFLOW AREASTAGES

BF10.0

BF10.,0

8F10.0

8F10.0

Ilo

8li0

8F10.0

% 5 XX ESESE S EFESEENETEESESSESEEES TN EEERS

c.i'l...*'.&OQIQGC.!'i‘“i.OD’Ql..G'Q.Q'OQ‘QQ.QIl"Oi.QQQ.QO'.'..OQ‘.GQ.Q.“Q.'.'

C
PROGRAM DY
COMMON/A/
COMMON/B/
COMMON/C/
COMMON/D/
COMMON/E/
COMMON/F/
COMMON/G/
COMMON/H/
COMMON/T/
COMMON/J/
COMMON/P/
COMMON/Q/
COMMON/R/
COMMON/S/
COMMON/T/
COMMON/ZU/
COMMON/V/
CALL HEAD

NA (OUTPUT»TAPE6=0UTPUTTAPES)

Q(101)eDQA(101) 9A(101)+DA(L01)9Y(101)Q1(50})
CAsCB(100)+sCCeCOC100)9CELLI00)9CF{100)9CB(L100)+CH(100)
CP(100)sCRI100),CS(101)CT(101)
XA(101)+XB{101)+A2(101),81(101)sA2(101),s82(101)
XN(101)9DX(101)4XC(101)+XD(101)sRR(101)
VE(101)oWD{101)4nD(101)sRACIO0LISPE(LID])FRI10D)
XX(101950)9XZ(101+50)

THEG(101) «TXA(L101)»TXBU101) s TXC(101)TXD(101)»TXE(LO))
NLIWKLI(8)QLI(B950])

NP(101)sHV(101)4H(101)9SF(101)

INBy INCoIND» INL s INPy INRy INSy INJ
JROJPoNToNTPoTSTs0OTUsDT o THEW NLeSLDWRN

GRe TMA9CMAs AL +BET»BES

RUN(40) +DATE (40)
YEARoMONTHo DAY s HOURyMINg SECs IHOURy IMIN, ISEC

DIR,DOR

PLN(500) +QPL (500) yQPLMeYPL(500) » YPLM

OYNA
DYNA
DYNA
OYNA
DYNa
DYNA
DYNA
OYNA
OYNA
OYNaA
OYNA
OYNA
OYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
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CALL INCO

CALL PRIC

IF(INS.EQ.1) CALL VACO
CALL COMP .
IF(INR.EQ.0)CALL PRIX(0)
IF(INR.,EQ.1)CALL PRIN(O)
CALL QTIM

QPLM=0.

YPLM=0,

00 10 N=1oNT

IPR=MOD (NyNTP)

IF CINC.EQ.1)CALL CALE(OT)
CALL COEF
IF(INL.EQe1)CALL COEL(N)
CALL DOUBN)

CALL RELO(N)
IF(IPR.NEL.0)GO TO 10

IF (INRJEQ.0)CALL PRIX(N)
IF (INR.EQ.1)CALL PRIN(N)
CONTINUE

IF(INP.EQs1) CALL PLOTINT)
STOP

END

22

DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
OYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
OYNa
DYNA
OYNA
DYNA
OYNA

200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
3590
360
370
380
390
400
410
420
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20

30

40
50

60
70

80
90

100

110
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SUBROUTINE ARPE (L1sYT9ARsPRewWR)

DIMENSION X (50)42(50)

COMMON/G/ XX(101950)9XZ(101+50)

COMMON/JZ NP(101)9sHV(101)sH(101)sSF(10])
N1=NP(L])

D0 10 K=1sN})

X(K)=XX{L1lsK)

Z(K)=XZ{LleK)

D0 40 K=1sN}

IF(Z(K)=YT) 30,2040

N=K

GO 70 50

N=K=]

X(NYS(Z(K=1)=YT) #(X(K)=X(K=1))/(Z(K=1)=Z(K))oX(K=])
Z(N)=YT

60 TO 50

CONTINUE

CONTINUE

00 80 L=1sN]

K=N1~-L+1

IF(Z(K)=YT)70,60+80

M=K

GO TO 90

M=K+ ]
X(M)=(YT=2Z(K})®(X(Kel)=X(K))/(Z(Ke]l)=Z(K))¢X(K)
Z(M)=YT

G0 70 90

CONTINUE

KzM=]

AR=0,

PR=0,

00 100 L=NeK

AR=AR +((2.#Z(N)=Z(L+1)=Z(L))/2,0)#(X{L+))=X(L))
PR=PR +SART((Z(L)=Z(L+1)) 22+ (X(Le1)~X(L))""2)
WR=X (M) =X(N)

D0 110 K=1eN1

X(K)=XX(L1osK)

2(K)=XZ(L1lsK)

RETURN

END

OYNA
DYNA
DYNA

DYNA.

DYNA
DYNA
DYNA
DYNa
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNA
DYNa
DYNA
DYNA
DYNA
DYNA
OYNA
DYNA
DYNA
DYNA
DYNA

430
440
450
460
470
480
490
500
510
520
530
5640
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
120
730
740
750
760
770
780
790
800
810
820
830
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30
40

50

60
70
80

90
100
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SUBROUTINE BACK
COMMON/AZ Q(101)sDO(I01)sAL101)+DA(1I01) Y (101)+QT(501)
COMMON/E/ XN()}01)2DX{101)4XC(101)4XD(101)3R(101)

COMMON/F/ VE(101)eWD{101}+HD(101)4RA(101)4PE(101)+FR{101)

COMMON/G/ XX (101501 +XZ(101+50)

COMMON/J/ NPL101)oHV{101) 01011 45FC101)
COMMON/Q/ JRaJP 4 NToNTPsTST+OTUs DT o THEW NLsSLOWRN
COMMON/R/ GRsTMAsCMAsALBETHBES

COMMON/U/ DIR,DDR

CARD G= DX(J)= REACH LENGTH
READ(5+100) (OX{J)sJ=1sJR)
CARD H= XN(J)= MANNING N
READ(59100) (XN{J) 2 J=19JP)

CARD I~ YT= DOWNSTREAM STAGE
QR= DOWNSTREAM DISCHARGE
DIR= INITIAL FLOW DEPTH FOR REGRESSION
DOR= FLOW DEPTH STEP INTERVALI

READ(5+100)YT,QRIDIRYDOR
D0 80 Jy=lsup

KzJP=Jel

IF(J=1)20+20+30

CALL ARPE (K YTsARIPRIWR)
A(X) =AR

PE(K)=PR

WD (K) =wR

CALL VACE(K,QRsYT)
Y{K)=YT

G0 TO 80
Y(K)=Y(Ke1)+0,30

Y=Y (X)

CALL ARPE(K,YTyARyPRsWR)
A(K) =AR

PE{K)=PR

WO (K) =WR

CALL VACE{K,QRsYT)
SFM=(SF(K)+SF (Ke1)) /2.0
HF =SFM#DX (K)

HT=H (K+1) ¢HF

IF(ABS (HT=H(K))«0.01180480+50
HE=H (K} «HT

FNz (2, 0%HV (K} ) /RA{K)

FA= (3. 0*5F (K) #DX{K) )}/ (2.0%RA(X})
DY=ABS(HE/ (1. 0=FN+FA))
IF{HT=H{K))60,80¢70

Y (X} =Y {K) =0y

GO TO 40

Y(K) =Y (K)+DY

GO YO 40

CONTINUE

D0 90 J=lsup
HO(J)=A(J) 7WD ()

FR{J =VELJ) / (SQRT(GR*HD(U) )}
@ (J)=GR

CONTINUE

FORMAT(8F10,0}

RETURN

END

OYNA B4
DYNA 850
DYNA 860
DYNA 870
DYNA 880
DYNA 890
DYNA 900
DYNA 9]0
DYNA 920
DYNA 930
DYNA 940
DYNA 950
DYNA 960
OYNA 970
OYNA 980
OYNA 990
DYNALOOO
DYNALO1O
DYNALO20
DYNA1030
DYNA1O4O
DYNA10S0
DYNA1060
DYNAL1O70
DYNALOBO
DYNAL090
DYNALLOO
DYNALLLO
DYNALll20
DYNALl30
DYNAL140
DYNAllS0
DYNALLGO
DYNALL70
DYNAL180
DYNAYL1SO
DYNAL200
DYNALZ210
DYNA1220
DYNAL23D
DYNAL240
DYNAL250
DYNAL260
DYNALZ70
DYNA1280
DYNAL290
DYNAL300
DYNA1310
DYNA1320
DYNAL1330
DYNA1340
DYNAL350
DYNA1360
DYNA1370
DYNA1380
DYNA1390
DYNAL&0OO
OYNAl410
DYNAI420
DYNAI&13D
DYNA1440
DYNAL4SD
DYNAL 460
DYNAL4TY
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SUBROUTINE BOUN

COMMON/AZ Q(1013sD0(101)sA(101)4DAL101) Y (101),Q1({50])
COMMON/C/ CP(100)sCR(100)4CS{101)4CTC10Y)
COMMON/E/ XN(101)90X(101)4XCU101)oXD(201)4RR({10O1)
COMMON/P/ INB,INCeINDe INLsINPoINRyINSyINY
COMMON/Q/ JUReJP NTeNTPsTSTsOTUWDTyTHERNLISLDWRY
COMMON/R/ GReTMASCMA2ALBETBES

SLOPE=SLD
IF{INBLEQ.1)SLOPE=(ABS{Y (JR) =Y (JP))/IX(UR))
ALP=AL*SQRT {SLOPE)

DA(JPI=CT (JP) 7 (ALPHBET*A (UP) ##BES=-CS(JUP))

RETURN

END

DYNAL1480O
DYNA1490
DYNALISO0O
DYNALS)O
OYNALS20
DYNALIS30
DYNA1S40
DYNA]550
DYNAL560
OYNALSTO
DYNALISBO
DYNAIS90
DYNA1600
DYNA1610
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SUBROUTINE CALE(TINT) )
COMMON/T/ YEARsMONTHDAYsHOJR+MIN,SECs IHOUR IMIN, ISEC
INTEGER YEAReMONTHsDAY»DsHs CHECK

REAL HOURSMIN,SEC

5Tz IHOUR®3500,+ IMIN®60,+ISEC®] 4+ TINT
H= ST/3600, +0,01

D= M/264 +0.01

IF{D.6T.0) 60 TO 10

IHOUR=H

IMIN= (ST~H#360604)760,+0,01

ISEC= ST=H®*3600,~IMIN®60,+0,01

RETURN

DAY=DAY+D

IF{DAY,6T+43] ,ANDe MONTH,EQ.1 +OR. DAY GT.31 <AND. MONTH.EQ.3
1e0R, DAYWGT .31 oAND. MONTH.EQeS «ORe DAYLGTo31 «ANIs MONTHL.EQ.T
2+0Re DAY(GT, 3] AND. MONTH.ED 8 +ORe DAYLGTW31 «ANDs MONTH.EQ,.10)

3G0 T0 30 .
IF(DAY.GT.31 .ANDe MONTH,EQ.12) 6O TJ 50

DYNAL620
DYNA1630
DYNAL640
DYNA1650
DYNA1660
DYNAL1670
DYNAL1680O
DYNA1690
DYNALTO00
DYNAL7LO
oyNnai720
DYNALT30
DYNALT40
DYNALITSO
DYNA1760
DYNALTT7O
DYNALTHO
DYNALT90
DYNALBOD

IF (DAY «GTo30 .ANDe MONTH,EQ.4 «OR. DAY,GT.30 +AND. MONTH.EQ.6 ,OR.O0YNALBLO
1DAY 6T .30 +AND. MONTHJEQ.S +OR. DAYe3To30 «AND, MONTALER11)6ITO60DYNALBRO

IF(DAY.GT+28 AND. MONTH,EQ.2)} GO TO 70
IHOUR= (ST=Dp*R6400,)/3600.,+0.01

IMINZ (ST=D#86400.,~IHOUR®3600.)/60,%0.01
ISEC= ST=D*86400.~1HOUR*3600.~IMIN®60,
RETURN

MONTH=MONTHs

IF{MONTH,G6T;12) GO TO 50

IF (MONTHJ.EQ,2) GO TO 40

DAY=DAY~31

IF(DAY.6T.31 ,ANDs. MONTH.EG.7) 60 7O 30
IF({DAYsGTe31 ,ANDe MONTH.NELT) GO TO 60
GO YO 20

MONTH=MONTH=1

GO YO To

YEAR=YEARe]

MONTH=1

DAY=DAY=31

IF(DAYGTe31) GO TO 70

G0 TO 20

MONTH=MONTHe 1

OAY=DAY~30

1F (DAY.G6T.30) GO TO 30

60 YO 20

CHECK=YEAR/&

REST=FLOAT (YEAR) =CHECK®4,
IF(REST.EQ.0+) GO TO 80

MONTH=MONTH+ 1

DAY=DAY=28

60 10 20

IF(DAY.EQ.29) GO TO 20

MONTH=MONTH ]

DAY=DAY=29

IF(DAY.G6T.31) GO YO 60

G0 10 20

END

DYNa1B30
DYNA1B4O
DYNAIBSO
DYNA18B6O
DYNA]BTO
DYNALBBO
DYNAlBSD
DYNAL190O
DYNAL1910
DYNAL920
DYNA1930
DYNAL94O
DYNAL19S0
DYNALO9GO
OYNALSTO
DYNALIO9BO
DYNAL1990
DYNAZ2OOO
DYNAZ2010
DYNA20Z20
DYNA2030
DYNAZ04O
DYNAZOS0
DYNAZO6O
DYNA20TO
DYNAZ2080O
DYNAZ09O
DYNA210O
DYNA2110
DYNagl2o
DYNAZ130
DYNAZL4O
OYNAZLIBO
DYNAZLGO
DYNA2L1TO
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SUBROUTINE COEF

COMMON/A/
COMMON/B/
COMMON/C/
COMMON/D/
COMMON/E/
COMMON/H/
COMMON/Q/
COMMON/R/

Q(101)+DO{I01)sA(101)yDAIL101)sY(101),QI(501)
CA»CB(100)9CCoCD(100) 2CECL00)sCF(100)+C6(100)»CH(100)
CP{100)sCR(100),CS5(101)+CT(10))
XA(10))9XB(101)eAl(101)481¢101)sA2(101)+32(10]))
XN(101) oDX(101)+XC(101)9XD(101)4RR(101)

THEG(101) o TXA(101) 4 TXB(101) o TXC(101),TXD(201)sTXE(LOL)
JReJPoNToNTPsTSToDTUSDT» THEWNLsSLD RN
GReTMAYCMA9AL+BET+BES

00 10 J=1+JRr

TAL=A(J)*eXD ()

TAR=A(J+1) 2eXp(Jyel)
TEL=(1e/A(Je1)21e/A¢(J) ) /{64 2GR®*DT)
TEF=Q{Je1)9n2.Q(J)ne2
TEG=Q(J+1)#42.Q(J) #22
TEH=1./7A{Je ) au2e] /7 (A(Je 1) 2a0J))
TEI=1./A(J)a%2e1./(A(Je]1)*A(I)) .
CE(JI=0,25%TXE(S) SA(J) #RTXDLIIHTEF=TXA{JI #A(J) #RTX3(J) /0X1J) ¢+ THEG(DYNAR360
1 J) (2,80 (J)#u2/A1J) #R3-TEG/ (A{J) #e204(Je]1)))
CFUJI=0,5%Q(J)*# (TXC(J+1)#TARSTXC(JU) *TAL) =2 *THEG(J) #A(J) *TEJ+TEL  DYNA2380O
COIJ) 2025 TXE(J+ 1) #A(J+ 1) #BTXD(J+ 1) #TEF+TXA(JS1) #A LI+ 1) #4TXB(J+1)DYNAZ3S0

0YNazliso
OYNA2190
DYNAZ2200
DYNA2210
DYNA2220
DYNA2230
DYNA2240
DYNA2250
DYNAZZ2EN
DYNAR270
DYNA2280
DYNA225%0
DYNAZ2300
DYNA2310
DYNAZ3Z20
DYNA2330
DYNAZ340
OYNAZ2350

DYNA2370

1 DX (J) S THEG(J) #(=2,8Q(J+))#22/0(Je]) ##3=TEG/ (AlJe]1) #9244 (J))DYNAZSOO
2 ) DYNA2410
CHUI=0.5%Q(Ja1)®{TXCIJUS1 ) #TARSTXCIJ) #TAL) 2, #THEG(J) #3(J+1) *TEH+TDYNARG20
1 EL DYNAZ2430
CP(J)==DT/0X () #({Q(J+1)=Q(J)) DYNA2440
CRIJIZ=0.250TEF#{XC(J+1I#TARIXC (I #TAL) = (XA(J+1) %A L{J*]1)#2XB(J*]1)~XDYNAZ4SO
1 ALJ)®A( ) #*XB(J))/DX(I) =({THEG(JI /THE) #(Q(Je 1) #0280 TEH=Q(J) 2 #20YNAZA60
2 *TED) DYNA24TD
10 CONTINUE DYNA24BO
RETURN OYNAZ2490
END DYNA2500
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SUBROUTINE COEL (N)

COMMON/C/ CP(100)4CR(100)+CS(¢101)4CT(101)
COMMON/E/ XN(101)+0X{101)eXC(101)9XD(101)9RR(101)
COMMON/I/ NLIZKLI(8)+QLI(Bs50))

COMMON/Q/ JRsJP¢NToNTPsTSToDTUsDT o THEWNLeSLOWRN
00 30 J=1,sUR

DO 20 X=1yNLI

IF(J=KLI(K))30010420

CPUJI=CP(J) + (DT/DX{J) ) *(QLT(KsN) +QLI(KsN¢1))*0,5
CONTINUE

CONTINUE

RETURN

END

DYNa2510
DYNA2S20
DYNA2530n
DYNA2540
DYNAZ2550
DYNAZS60
DYNA2570
DYNA2S80
DYNA2590
DYNA2600
DYNA2610
DYNAR620
DYNA2630
DYNA2640
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SUBROUTINE COME

DIMENSION YRF (10} +ARF{10)sPRF (10} 9WRF:(10)
COMMON/A/ G({101)sDR(101)+A(101)9DA(101)+Y{101),Q1(50))
COMMON/D/ XA{101)+XB(101),A1(101)+81(101)+A2(101),32(101)
COMMON/E/ XN(101)+DX{(101)sXC(101)XD(101)RR(}101)
COMMON/F/ VE(101)sWD(101) ¢HDL101)sRA(101)PE(IOL1)4FR{101)
COMMON/G/ Xx{101950)sXZ(101+50)

COMMON/J/ NP(101)sHV(101)4H{101)SFL101)
COMMON/Q/ JRsJPoNToNTPsTSTsDTUsDT o THEWNLsSLDWRY
COMMON/R/ GReTMASCMA+AL+BET,BES

COMMON/U/ DIR,DDR

IF(DIREQ.0,;) DIR=1,0

IF (DDR.EQ.0,) DDR=1,0

N=10

D0 20 J=lsJpP

K= JP=Js)

Z1=Y (K} ~HD{K)

D= DIR

D0 10 L=1eN

YT=Z1+D

CALL ARPE(K,YTsARsPRsWR)

YRF (L) =YY

ARF (L) =AR

PRF (L) =PR

WRF (L) =WR

D= D+DDR

CONTINUE

CALL REGR(NyYRF,ARFsC1sC2)

Xa(K)y=Cl

XB(K)=C2

CALL REGR(N,PRF,ARFsClsC2)

Al {K)=C)

Bl(K)=C2

CALL REGR(NJWRF,ARF2C19C2)

A2(K)=Cl

B2iK)=C2

XC{K)=XN(K)wa2®a] (K)##1,333/CMA
XD(K)=(4,0%8]1(K)~10,0)/3.0

CONTINUE

FORMAT(BF10,0)

RETURN

END

DYNA2650
DYNAZ660
DYNA26T0
DYNA268D
DYNAZ6S0
DYNA2700
DYNA2TIO
DYNA2T20
DYNA2730
DYNAZ2T40
DYNA2TS50
DYNAR2T60
DYNAZTTO
DYNA2T80
DYNAZTI9O
DYNA2B0O
DYNa2B10
DYNAZB20
DYNARB30
DYNA2B&O
DYNA2B50
OYNA2860
DYNAZSBTO
DYNAZBBO
DYNAZB90
DYNA2900
DYNAZ2910
DYNAZ920
DYNA2930
DYNAZ940
DYNAZ950
DYNAZ960
DYNAZ9TO
DYNAZ29B(
DYNA2990
DYNA300OO
DYNA3OLO
DYNA3020
DYNA3030
DYNA3040
DYNA3050
DYNA3060
DYNA3OTO
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SUBROUTINE cOMP

COMMON/B/ CA»CB(100) 9CCeCO(200)+CE(LDO0)sCF(100)+CG(100),CH(100)

COMMON/D/ XA(101)¢XB(101)9A2(101),81€101),A2(101)432(10}))
COMMON/E/Z XN(101) 90X (101)9XC(201)+X0(101)s3R(101)
COMMON/H/ THEG(101) ¢ TXA(101) 9 TXB(101) o TXC(101)TXD(101)TXE(LIO))
COMMON/Q/ JURwJP¢NTyNTP»TSTeDTUsDTyTHE 9 NLaSLDWRN
COMMON/R/ GRsTMA+CMAsALBETBES

CA=0.5

CC=CA

RR{1)=RN

DO 10 J=1sJR

CB(J)==THE®QT /DX (J)

Co(J)==CB ()

THEG(JU)=THE/ (2,#GR*DX (J))

K=Jel

RR (K) =RR(J) «Dx (J)

CONTINUE

00 20 J=lsJP

TXA(J)=THE#XA (J) *XB(J)

TX8(J) =XB(J)=]

TXC(J)=THE#*XC(J)

TXD(J) =XD{J) =1

TXE (D) =TXC(J) #XD(J)

CONTINUE

AL=TMA/ (XN JP)#Al (UP) #®#0,666666)
BET=(5.=2+*B1(JP)) /3.0

BES=BET=~1,

RETURN

END

DYNA3080
0YNA3090
DYNA3100
OYNA3110
0vYNA3l20
DYNA3130
DYNA3140
DYNA3150
DYNA3160
DYNA3170
DYNA3lB0
DYNA3190
DYNA3200
DYNA3210
DYNA3220
DYNA3230
DYNA3240
DYNA3250
DYNA3260
DYNA3270
DYNA3280
DYNA3290
DYNA3300
DYNA3310
0YNA3320
DYNA3330
DYNA3340
DYNA3350
DYNA3360
DYNA3370
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SUBROUTINE COOR

COMMON/G/ XX{1019¢50)9XZ{101+50)

COMMON/J/ NP(101)sHV(101),H(101)sSF(]0))
COMMON/Q/ JUReJPyNTsNTPoTSToDTUDT s THEWNL9SLOsRN
00 10 J=leJP

CARD E= NP= NUMBER OF POINTS DESCRISING A& CROSS SECTION,

READ(5+100)NP (J)
N1=NP(J)

CARD F= XX(JsK)= ABSCISSA
XZ(JsK)= ORDINATE

READ(5+¢200) ((XX(JeK) 9 XZ(JsX)) s K=1yN1)
FORMAT (110)

FORMAT (BF10,0)

RETURN

END

DYNA3380
DYNA3390
DYNA3400
DYNA3410
DYNA3420
0YNA3430
OYNA3440
DYNA34SO
DYNA3460
DYNA34TO
DYNA3480
DYNA3490
DYNA3500
DYNA3S10
DYNA3520
DYNA3530
OYNA3540
0YNA3S550
DYNA3560
DYNA3S70
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DYNA3580
SUSROUTINE DOyB(N) 0YNA3590
COMMON/A/ Q(101)+DR(I01)9A(101)+DACIO0L)sY(101)+QI(50]) DYNA3600
COMMON/B/ CA+CB(100)+CCoCOLI00)+CE(LI00)9CF{100)+CG(200)CHIL00) DYNA36]10
COMMON/C/ CP{100)+CR{100},CS(101),CT(10D) DYNA3620
COMMON/ZE/Z XN(101)50X{101)¢XCE101)4XD(101)sRR(10]) DYNA3630
COMMON/P/ INB,INCoyINDeINLy INPoINRyINSeINJ DYNA3640
COMMON/Q/ JReJPoNTyNTPTSTeDTUWDTyTHEWNLsSLDRN DYNA3ESD
COMMUON/R/ GReTMASCMASALBET3ES DYNA3660
CS(1)=0.0 DYNA3ETD
CT(1)=QI(N)=Q (1) OYNA3680
00 10 J=lsJur ) DYNA3690
Uz (CE(J) +CF (J)*#CS (U1 ) /7 (CA+CB (I #CSJ)) DYNA3T00
T=1e/(CH{J) =UsCD(J)) DYNA3T1O
CS{Js D) =TR{y*cC=CB(J)) DYNA3720
CT{U+1)aTH((CRIJI=CF{JI*CT () ) =U(CP(J)}=CBINIRCT(U))) DYNA3T30
CONTINUE DYNA3740
CALL BOUN OYNA3TS50
0Q(JP) =CS{JP) #DALJP) +CT(JP) DYNA3T60
D0 20 JU=2,Jp DYNA3T770
K=JP=Jel DYNA3TSO
DA(K) = ({CP(K)~CBIK)SCT({K) )= (CCHDA(K*1) +COtKI#DR(K+1))) /7 {CA+CB(X)*COYNAITI0
15(K1) DYNAJBOO
0Q(K)=CS{K)#DA(K) ¢CT (K} DYNA3810
CONTINUE DYNA3B2D
RETURN DYNA3B30
END DYNA3BGO
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SUBROUTINE HEAD OYNA3B60
COMMON/P/ INBoINCoINDy INL,INP+INRyINSsINY DYNA3BTO
COMMON/Q/ JRsJPoNTeNTPaTSToDTUDT s THE W NL9SLDsRY DYNA3BSBO
COMMON/R/ GRsTMAsCMA»AL»BET,BES DYNA38B90
COMMON/S/ RUN(40) +DATE(40) DYNA3SO0O
COMMON/Y/ YEARsMONTHsDAY s HOURIMINSSECY IHOUR Y IMIN, ISEC DYNA3S10
INTEGER YEARsMONTH4DAY DYNA3920
REAL HOURWMIN,SEC DYNA3930
WRITE(6+100) DYNA3S4O
DYNA39S0

CARD A= RUN(L)=NAME OF RUN DYNA3960
DYNA3970

READ(54200) (RUN(L)Y+L®1940) DYNA39B0
WRITE(6+300) (RUN(L) sL=1940) DYNA3990
DYNAGOOO

CARD B~ DATE(L)=DATE OF RUN DYNASCOLO
) DYNAGO20
READ{5+200) (DATE(L) #L=1+40) DYNAGO30
WRITE(69300) (DATE(L) oL =14+40) DYNASD&O
DYNASOS0

CARD C= INDICATOR OPTIONS DYNA4OGO
DYNA4OTO

READ(S+400) INBsINCy INDs INL o INPoINReINSsINU DYNALDBO
WRITE (69500) INBsINCoINDs INL o INPoINRy INSyINU DYNA4OYO
GR=9,81 DYNASIOO
IFLINUGEQ.1)6R=32.17 DYNAGLLO
TMA=1,00 DYNA4LI2D
IF{INULEQe 1) TMA=],486 DYNAS130
CMA=TMA®TMA DYNASL4O
: OYNAGLSO

CARD D= INPYT OF DISCRETIZATION DaATA DYNAS1GO
- JR=NUMBER OF REACHES OYNAGLT7O
NT=NUMBER OF TIME STEPS DYNAGLSBO
NTP=PRINTED OUTPUT EVERY NTP TIME STEPS DYNA&LIGO
TST=ToTal SIMULATION TIME,IN DAYS DYNAS20O
THE=WEIGHTING FACTOR THETA DYNA&210
SLO=NORMAL WATER SURFACE SLO®E AT DOWNSTREAM SECTION FOR DYNA4220
KINEMATIC BOUNDARY CONDITION DYNA4230

RN=RANGE DYNA4240
YEAR=YEAR OF CALENDAR DATA DYNA4250
MONTH=MONTH OF CALENDAR DATA DYNA4Z260

DAY=DAY OF CALENDAR DATA DYNAS2TO
HOURSHOUR OF CALENDAR DATA DYNA4280
MIN=MINUTES OF CALENDAR DaATA DYNAGZ29O
SEC=SECONDS OF CALENDAR DATA DYNAS300

DYNAG31O

READ(59600) JRNT+NTPsTSTsTHE+SLOWRNs YEARSMONTHs DAY s HOUR MINSSEC DYNA4320
IF(THEWZLT.0,5) THE=0.6 DYNA4330
JP=JR+ 1 DYNAG4340
NL=NT+} DYNA43SO
OTU=TST/FLOATINT) DYNA4360
D¥= DTU86400,0 DYNA43T7O
IHOUR=HOUR DYNA4380
IMIN=MIN DYNA4390
ISEC=SEC DYNAGAOO "
WRITE(64T700)JRsIPINTaTSTeDTJ9OTyTHE»SLO DYNAGSLO
100 FORMAT(1H192(/) 4132(1H®) //742Xs" OYNA~===FL 00D RWUTING WITH A DYNAMDYNASG&20
11C WAVE MODEL®//132(1H®)//) DYNAGA3D
FORMAT (40A2) DYNAL&4O
FORMAT {1X+40A2/) DYNA44S50
FORMAT (8011} DYNA446O
FORMAT (" INg=1,12s" INDICATOR OF DOWNSTREAM SOJUNDARY TYPEW/ DYNA4ATO
1 #OINCEN. 127 INDICATOR OF CALENDAR CAPABILITYW/ DYNAG4BO
. W OIND=", 12" INDICATOR OF INPJT DATA TYPEM/ DYNA449D
3 mOINL=n, 12, INDICATOXI OF LATERAL INFLOW"/ DYNAGSQO
4 " INp=u,12+" INDICATOR OF PLOTTED QUTPYTW/ DYNA4GS1O
5 " OINREn, [2¢" INDICATOR OF TYPZ OF PRINTED 0JTRUTH/ DYNAGS20
6 " INS=n, 12" INDICATOR OF CRO3S SECTIONAL INPUTW/ DYNAGS30
7 HOINy=1e12¢ INDICATOR OF SYSTEM OF UNITSH/) DYNA4S540
FORMAT(31554F10,09312+3F5.0) DYNAGSSD
FORMAT (M JUR =ne1104% REACHESH/ DYNAGSED
1 HoUP =i, 110e% CROSS SECTIONS'/ DYNA4STO
2 ¥ ONT =1n,110,% TIME STEPSY/ DYNASSS80
3 " OTST=N,F10,2+" DAYS = TOTAL STIMULATION TIMEW/ DYNA4S90
4 ¥ DTU=H.F10.2e" DAYS « TIME INTERVALM/ DYNA460O
5 ® DT =y Fl0.0e% SECONDS = TIME! INTERVALW/ DYNASG]LO
6 HOYHE=H,F10,2+4" WEIGHATING FACTOR OF IMPLICIT SCMEME"/ DYNAGH20
" SLp=nyeFl0,6e" NORMAL WATER SURFACE SLOPE AT DOWNSTREAM SEDYNA4630

ecrION FOR KINEMATIC BOUNDARY CONDITION'®//) DYNA&GGLD
RETURN OYNA&ESD
END DYNA4660
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SUBROUTINE NYCO

DIMENSION Y1(10)»21(10)

COMMON/A/ Q(101)9DQ(101)¢AL101)¢DATI0L} Y (101)Q1(501)
COMMON/D/ Xa(101)9XBU10))sA3CI01)9BLCI01)A2(10))82(101)
COMMON/ZEZ XN(101)+DX(101)+XC{101)4XD(101)4RR{101)
COMMON/F/ VE(101)owD{101)+HD(101)oRAC1I01)LPE(10L)FRI1OL)
COMMON/GQ/ UR»JPyNTsNTPsTST+OTUSDT» THESNLSLOWRY
COMMON/R/ GRyTMASCMA9ALBETBES

CARD L= INPYT OF REFERENCE VALUES FOR HYPOTHETICAL PROBLEM

QRF= REFERENCE OISCHARGE

ARF= REFERENCE FLOW AREA

WRF= REFERENCE TOP #IDTH

ZRF= BED ELEVATION OF UPSTREAM SECTION

AlRF= REFERENCE COEFFICIENT Al IN WETTED PERIMETER-AREA
RELATION

B1RF= REFERENCE EXPONENT B1 IN WETTED PERIMETER~AREA
RELATION

A2RF= REFERENCE COEFFICIENT 42 IN TOP WIDTH-AREA RELATION

B2RF= REFERENCE EXPONENT IN TOPWIDTH«AREA RELATION

XNRF= REFERENCE MANNING N

DXRF= REFERENCE CHANNEL REACH LENGTH

DIn= INITIAL FLOW DEPTH FOR REGRESSIOV

DDR= FLOW DEPTH STEP INTERVAL

READ{5+100) QRF s ARF ¢ WRF ¢ ZRF s A1RF 4 B1RF ¢ AZRF 9 B2RF ¢ XNRF 4 DXRF s DIRs ODR
00 20 J=lsJp

Q(J) =QRF

A(J)=ARF

W0 {J) =WRF

XN{J) =XNRF

Al {JI=ALRF

B1(J)=B1RF

A2{J)=A2RF

B2 (J) =B2RF

OX {J) =DXRF

CONTINUE

DD 30 J=l.Jup
XC{JI=XN(J) #82,8A] (J)#2],3333/CMA
XD( =(4.%81(J)«1040)/3.0
Z=2RF

N=10

DO 50 J=le.0p

D= DIR

DO 40 K=14N

Y1(K)=Z+D

Z1{K)=wWRF 4D

0= 0+DOR

CONTINUE

CALL REGR{N,Y1+Z1+ClsC2)
Xa{J)=C1

X8{J)y=C2
Y{J)=XA L) ALY #eXB(J)
2=2~SLD*OXRF

CONTINUE

FORMAT (8F10,0)

RETURN

END

DYNA46ETO
DYNA46B0O
DYNA4690O
DYNA4TOO
DYNA4TIO
DYNA4GTZO
DYNAGT30
DYNA4T40
OYNA4TSO
DYNAGTSD
DYNA4TTO
DYNA4GTSBO
DYNA4TSD
DYNAGBOO
DYNAGBLO
DYNA4B2O
DYNA4B30
DYN2A4B4O
DYNA48BSD
DYNA4BGD
DYNA4BTO
DYNA4BSO
DYNAGBI0
DYNA490Q
DYNALSIO
DYNAG920
DYNA4930
DYNAG94O
DYNA49S0
DYNA4960
DYNA4OTO
DYNA4O9BO
DYNA499Q
DYNASO000
DYNASDYO
DYNASO20
DYNAS030
DYNAS040
DYNASOS0
DYNASOBO
DYNASOT70
DYNASUBO
DYNASO90
DYNAS100
DYNAS110
DYNASL20
DYNAS130
DYNAS140
DYNAS1S0
DYNAS160
DYNASITO
DYNAS180
DYNASLISO
DYNAS200
DYNAS2] 0
DYNAS220
DYNAS230
DYNAS260
0YNAS2S0
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SUBROUTINE INCO

COMMON/AZ Q{1061)eDRU101)+AC101)+DACLI01) oY (101}QI(501)
COMMON/D/ XAa(10]1)sXB{101)4A{101)+81{101)+A2(101)9382(101)
COMMON/ZE/ XN(101)+0X(101)+XCt101)+XD(101)¢RR{1D1)
COMMON/F/ VE(101)+WD(101)9HD(101)+sRA(101)¢PE(L01)FR(101)
COMMON/G/ XX{101+50)+XZ2(101+50)

COMMON/JZ NP(101)sHVI101),H(101)eSFLL0Y)

COMMON/P/ INBoINCoIND» INLoINPyINR,yINS, INY

COMMON/Q/ JReJP¢NTeNTPeTSToDTUsDT o THE 9 VL SLDWRN
COMMON/R/ GReTMAsCMAsAL+BET8ES

IF(INS.EQ.0)G0 TO 30

IF(IND.EQ.1)G0 1O 40

CARD J= HYDRAULIC AND CROSS SECTIONAL! CHARACTERISTICS
XA(J)= COEFFICIENT A IN STAGE-AREA RELATION
XB(J)= EXPONENT B IN STAGE~AIEA RELATION
AltJi= COEFFICIENT Al IN WETTED PERIMETER~AREA RELATION
Bl{J)= EXPONENT 81 IN WETTED PERIMETER=-AREA RELATION
A2{J)= COEFFICIENT 42 IN TOP WIDTH=AREA RELATION
B2(J)a EXPONENT B2 IN TOP #IDTH=~AREA RELATION
XN{J)= MANNING N
DX(J)= REACH LENGTH

00 10 J=lsJp

READ(S59100) XA (J) 9 XB{J} 9AL (J) +BLLJ) sAZ(J) ¢B2LJ) 9 XN(J) 2 DX ()
XC(J)=XN{J)w®20p1 (J)##] ,3333/CMA
XD{J)=(4,0%81(J)=10.0)/3.0

CONTINUE

CARD K= INITIAL CONDITIONS
QlJy= DISCHARGE
AlJ)y= FLOW AREA

READ(5+100) ((Q{J)2A{J) 9d=1sdP))
00 20 J=leJpP
Y{J)=XA{J) *a ) #eXB{J)
RETURN

CONTINUE

CALL COOR

CALL BACK

CALL COME

RETURN

CONTINUE

CALL HYCO

FORMAT (8F10,0)

RETURN

END

DYNAS260
DYNAS2TO
DYNASZ280
DYNAS290
DYNAS300
OYNAS310
DYNAS320
DYNAS330
DYNAS340
DYNAS350
DYNASIGO
DYNAS370
DYNAS380
DYNAS390
DYNAS400
DYNAS410
DYNAS420
DYNASA3D
DYNAS440
DYNASASH
DYNAS4SO
DYNASSETO
DYNAS480
DYNAS490
DYNASS500
DYNASS1 0
DYNAS520
DYNASS30
DYNASS40
DYNASS50
DYNASS560
DYNASSTO
DYNASS80
DYNASS590

- DYNAS600

DYNASSKLO
DYNAS620
DYNASE30
DYNAS640
DYNASE50
DYNAS660
DYNASGTO
DYNAS680
DYNAS650
DYNASTOO
DYNASTIO
DYNAST20
DYNAST3C
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DYNA5740
SUBROUTINE PLOT(NT) DYNAS750
COMMON/V/ PLN(500) »QPL(500) 9 OPLMsYPL(500) YPLM DYNAS760
DIMENSION ITITLE(2) oKTITLE(2) o JTITLE(B) 4NTITLE(B) DYNASTTO
DATA ITITLE(L)oITITLE(2)/)0ATIME STE® +SHSTAGE/ DYNAS780
DATA KTITLE(1)+KTITLE(2)/104TIME STE® +940ISCHARGE/ DYNAS790
DATA JUTITLE/10HDISCHARGE +10HHYDROGRAPH,104 AT JsJPe5*]10H DYNASBOO
1 / DYNAS810
DATA NTITLE/10H STAGE » 10HHYDROGRAPH,10d AT J3JPy5%10H DYNA5820
1 / DYNAS5830
T=FLOAT(NT) DYNAS840
CALL MAPA(S5,P LNy YPLoloNTolasToYPL(I) sYPLMyITITLE(L)sITITLE(2) #+NTITDYNASBSY
1LEs1) DYNAS860
CALL MAPA(S,PLNsQPLs1sNT 9 aoToQPL(1)oQPLMyKTITLE()) 9<TITLE(2)+JTITDYNASBTO
1LEs 1) DYNA58B0
RETURN DYNAS890
END DYNA5900
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SURROUTINE pRIC

COMMON/D/ XA(101)9XB(101)+A1(101)4+81(101)+R2(101)+32(101)

COMMON/ZE/ XN(101)+DX(101)+XC(1D1)+XD(101)eRR(10O])

COMMON/Q/ JReJPyNTsNTPeTSTsOTULOT 4 THEGNL9SLO RN

WRITE(6+400)

WRITE{6+100)

00 10 J=lsupP

WRITE(69200)5JsXATJ) o XBLJ) AL (U} 4BLEI) 9 A2(J) 982(J) 9 AN(J} 9 DX (U} s Jd
10 CONTINUE

WRITE(6+300)

100 FORMAT(1Xs116(1H=)/1Xs" J XA X8 Al
1 :31 A2 82 XN ox
2 J "/1Xe116(1H=)/)

200 FORMAT(1XsI342F11e09F15.43F12:49F166%92F13e44F14,0+17)
300 FORMAT(1X9116(1H=)/)

DYNAS910
DYNAS920
DYNAS930
DYNAS940
DYNAS9S0
DYNAS960
DYNAS970
DYNAS98B0
DYNAS990
DYNAKOOO
DYNAGOLO
DYNAK020
DYNABO30
DYNAGKO4O
DYNAGOS0
DYNAKOGO

400 FORMAT(20XeywH Y DR A UL I C AND CROSS SECTTIONALDYNAGOTO

1 PROPERTIESY /.
RETURN
END

DYNASO8BD
DYNAKOSO
DYNAGLOO
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DYNASL10

SUBROUTINE PRIN(N) DYNABL20
COMMON/A/ Q(101)90Q(101)9A(101)¢DA(C101)sY(101),QT(501) DYNABL30
COMMON/B/ CA9CB(100) sCCoCD(100)sCE(1I00)+CF(100)9CG(100)+CH(100) DYNABL4O
COMMON/P/ INB,INCsINDeINLsINPyINRyINSyINU DYNABLSO
COMMON/Q/ JReJPsNTINTPsTSTyDTUsDT o THEW NL9SLOWRY DYNABL160
COMMON/T/ YEAR MONTHsDAY s HOURIMINISECs IHOUR IMIN, ISEC DYNAGLTO
IF(INC.NE,1)G0o YO 10 DYNAG1BO
WRITE(6+400)N,YEARsMONTH DAY, IHOUR IMINS ISEC DYNAGL90

G0 Y0 20 DYNAK200

10 WRITE(69150)N DYNAG2]10
20 I=0 OYNAS220
IF({JP/3%3)wUP)40s30+40 DYNAS230

30 X=0 DYNAG240
I=0 DYNAKZ250

GO TO 70 DYNAGK2HO

40 IF(({JP=1)/3%3)=(JP=1))50+604+50 DYNAB270
50 I=wl DYNAG28B0
K=2 DYNA6290

G0 70 70 OYNA6300

60 I=1 DYNAG3L10
K=1 OYNAS320

70 L1=uP/3 DYNA6330
Ji=L1e+K DYNA6360
J2=2%L ] eK DYNA6350

DO 80 J=1sL1 DYNAK360
Nlz=Jley DYNAB3TO
N2=J2+J DYNA63BO
WRITE(6+200)JysQ(J) 9A(JI) sY(J)oNTsQINL) 9A{NI)2Y(N1)9N2sQ(N2)2AIN2) 9 YDYNAG39O
1(N2) DYNAS400

80 CONTINUE DYNAG410
1IF(1)90+130,100 DYNAG420

90 K=2 DYNA6430
GO 7O 110 DYNAB44O

100 K=} DYNABASO
110 L2=L]1+K DYNAG4S0
Ll=L1lel DYNABSGTO

D0 120 K=L1l,L2 DYNAS4SO

120 WRITE(6+200)K,0(XK)sA (K} 2Y{K) DYNAB49Q
130 WRITE(6+300) DYNASS00
150 FORMAT (/% TIME STEP w3 13/1Xs110(1A=)/u J JISCHARGE aDYNABS1N
1REA STAGE J DISCHARGE. AREA STAGE J DYNAB520
20ISCHARGE AREA STAGE "/1Xs119(1H=)s//) DYNASS3D
200 FORMAT (3(I5,F14,492F106491X)) DYNABS4D
300 FORMAT(1X9119(1H=)///7/7) DYNASSSO
400 FORMAT (/" TIME STEP ",13,65Xs"CALENDAR TIMEM.2X912424"/"5s12424DYNABSED
17/ 12.293%X512429M1Me 12629819 12,2/8Xe119(1H=) /0 J OISCHADYNABKSTO
2RGE AREA STAGE J DISCHARGE AREA STAGE DYNABS30

3 J DISCHARGE AREA STAGE "/1Xy119(1H=)4//) DYNA6S90
RETURN DYNAK600
END DYNABG]O
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OYNA6620

SUBROUTINE PRIX(N) DYNAG630
COMMON/A/ Q(1011900(101)+A(101)oDAC101)9Y(101) 0T (501) DYNAGB4O
COMMON/E/Z XN{101)+DX(101)¢XC{101)4XD(101),RR(101) DYNASS50
COMMON/F/ VE(101)sWD(101)sHD{101),RA(101)4PE(101)FRE10D) DYNAGEGO
COMMON/P/ INB,INCoINDsINL s INP4INR,INSsINY DYNAG6TO
COMMON/Q/ JReJP NToNTPeTST+DTUSDT, THEW NLeSLOWRY DYNAG6HO
COMMON/T/ YEARsMONTHeDAY ¢HOJReMINsSECs IHOURS IMINS ISEC DYNA6690
IF(INC.NE.1)Go T0 10 DYNAGTOO
WRITE(69400)N,YEARSMONTHDAY s IHOUR S IMIN, ISEC ) DYNAGT1O

G0 TO 20 DYNAGT20

10 WRITE(6+100)N DYNA6730
20 CONTINUE DYNABT4O
D0 30 J=lsJdp ) DYNA6T50
WRITE(64200) JeRR(UI 90 (JI oALI) oY (U 9 VE () 9 PELI) o WD (J) sRA L) HOLJ) e DYNABTHO
1FRUJY o DYNAGTTO

30 CONTINUE DYNAST80
WRITE(6+300) DYNAGT90

100 FORMAT (/" TIME STEP MeI3/1Xs131(1H=)/% U  DISTANCE DISCHDYNAGBOO
1ARGE AREA STAGE  VELOCITY W.PERIMETER TOP WIDTH  DYNAGB1G

2 HYD.RADIUS HYD.DEPTH FROUDE NJ JUZIXe 131 {IH=)s/77) DYNA6B20
200 FORMAT (149F11,191X02F1103sF1104sF9eteaF10,49FB,246X014) DYNA6B30
300 FORMAT(/1Xe131(1H=)s//777) DYNA5B4O
400 FORMAT (/" TIME STEP #4113, 7T7Xe"CALENDAR TIMEM,2Xs12429"/"412.2+DYNAGBSO
1M/, 124203K 126291912420 M:W012.271%5131(1H=)7 ©® J  DISTANCE OYNAKB60

2 DISCHARGE AREA STAGE  VELOCITY W,PERIMETER TOP DYNAG8T0Q
3WI0TH HYD.RADIUS HYD.DEPTH FROUDE ND J"/1Xe131(1H=)//)DYNABBBO
RETURN DYNA6890

END DYNAGIDO
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SUBROUTINE QTIM

COMMON/AZ Q(101)s0Q(101)9A(101)9DAC101)»Y(101),QI(501)
COMMON/1/ NLILKLI(B)+QLI(By50]))

COMMON/P/ INB,INCoINDsINLeINPoINRyINSy INU

COMMON/Q/ JReJPoNToNTPsTSTsDTUSDT o THEWNLSLDWRY
IF(IND.EQ.1)B0 TO 20

CARD M= UPSTREAM INFLOW DISCHARGE HYDROGRAPH (N=2,NL)

READ{S5+100) {QY (N) oN=1sNT)
GO TO 60

CARD N~ CHARACTERISTICS OF 4YPOTHETICAL' INFLOWN HYDROGRAPH
QP= PEAK DISCHARGE
Q8= BASE FLOW DISCHARGE
T1= HYDROGRAPH DURATION+IN HIURS

READ(5+100)QP,QB»T1
Cl=0.5%(QP+QB)
C2=Ci-QB
OTH=DT/3600,
TP=0,5*TI/0TH

DO 50 N=1sNT
COUNT=N
VDO=COUNT®*DTH
IF(VD~=TI) 30,3040
QI(N)=C1=C24COS(N*3,1415930/TP)
G0 TO 50

QI (N)=Q8

CONTINUE

CONTINUE
IF(INLLEQ.O)RETURN

CARD O~ NUMBER OF REACHES WITH LATERAL INFLOW
READ(5+200)NL]

CARD P- REACH LOCATION WITH LATERAL INFLOW
READ(5200) (KLI(K)sK=19NL])

CARD G- LATERAL INFLOW

D0 70 K=1.Np1

READ(S+100) (QLI(KaN) oN=19NL)

FORMAT (8F10,0)

FORMAT (8110)

RETURN
END

DYNAG6S10
DYNA6920
DYNA6930
DYNA6940
DYNAS950
DYNAGEDSO
DYNA6STO
DYNAB980O
DYNA6950
DYNATOO0O
DYNATOlO
DYNATO20
DYNAT030
DYNATO40
DYNATOS0
DYNATO060
DYNATOTO
DYNATOBO
DYNAT090
DYNAT100
DYNATI11O
DYNAT120
DYNA7130
DYNAT140
DYNATLS0
DYNAT]60
DYNATITO
DYNAT180
DYNAT7190
DYNAT200
DYNAT210
DYNAT220
DYNAT230
DYNATZ240
DYNAT250
DYNATZ260
DYNAT270
DYNAT280
DYNAT290
DYNAT300
DYNA7310
DYNAT320
DYNAT330
DYNAT340
DYNAT350
DYNAT360
DYNAT3T0
DYNAT380
DYNAT390
DYNAT7400
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SUBROUTINE REGR(N#XeYsClsC2)
DIMENSION X(10),Y(10)

SY=0,

SA=0,

52=0.

SP=0.

D0 10 JU=lsN

YL=ALOG10(X (J))
AR=ALOG10O(Y (J))

SY=SYeyYL

SA=SA+AR

S2=S2+AR%#2

SP=SP+YL*AR

CONTINUVE
C2=(N*SP=SY#SA) / (N#S2=5A%#82)
YI=(SY~C2%SA) /FLOAT (N)
Clz10,00%Y]

RETURN

END

41

OYNAT410
DYNAT420
DYNAT430
DYNAT440
DYNATASO
DYNA7460
DYNAT470
DYNAT4B0
DYNAT7490
DYNAT500
DYNATS10
DYNATS20
DYNAT7530
DYNAT540
DYNA?7S50
DYNA7560
DYNAT570
DYNA7580
DYNATS90
DYNAT600
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SUBROUTINE RELO(N)

COMMON/A/Z Q(101)9DQ(101)9sA(101)+DA(101)»Y(101),QI(50))
COMMON/D/ XA(101)sXB(101)9A1(101)481(101)4+A2(101)+32(101)
COMMON/F/ VE(101)+WD{101)+HO(101),RA(101),PE(101)4FR(101)
COMMON/P/ INByINCyINDs INLs INPsINRoINSsINJ

COMMON/Q/ JURsJPoNToNTPsTSTsOTUDT» THEY NLsSLD RN
COMMON/R/ GRsTMAYCMA»AL+BET,BES

COMMON/V/ PLN(500) +QPL {500) ¢ GPLMsYPL (500) 9y YPLM

00 20 J=1lyJP

Q(J)=0(J)+0Q (V)

A =A(J)+DA (D)

Y(J)=XA(J) 2A(Y) #2XB(J)

CONTINUE

IF (INP.EQ.0) GO TO 30

QPL (N) =Q (JP)

YPL (N) =Y (JP)

PLN(N)=FLOAT(N)

IF (QPLMLT.QPL (N)) QPLM=QPL(N)

IF(YPLMJLT.YPL(N)) YPLM=YPL(N)

CONTINUE

IF (INRJEQe1)RETURN

CALL VACO

RETURN

END

DYNAT7610
DYNAT620
DYNAT630
DYNAT640
DYNAT7650
DYNATE60
OYNAT670
DYNAT7680
DYNAT690
DYNATT00
DYNAT710
DYNATT20
DYNAT7730
DYNATT40
DYNATT750
DYNATT60
DYNAT770
DYNA7780
DYNAT7790
DYNATBOO
OYNA7810
DYNATB20
DYNATB30
DYNAT7840
DYNAT8S50
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SUBROUTINE VACE(JsQRyYT)

COMMON/AZ Q(101)+DQ(101)5A(101)+,0A(1012sY(101),01(501)
COMMON/E/ XN(]101)+DX(101)oXC(101),XD(101)9RR(101)
COMMON/F/ VE(101)9oWwD(101)+HD(101)4RA(I01)$PE(IOL)»FR(101)
COMMON/J/ NP(101)+HV(101)+H{101)4SF(101)

COMMON/R/ GReTMASCMASALBETBES

VE (J) 2QR/A(J)

HY{J)=VE(J) #22/(2,0*GR)

H{J)=HV (J) +¥T

RA(JI =ALN) /PE(D)
SFIJ)={VE(J)*e2uXN(J)#22) / (CMA%RA(J) ##]1,3333)

RETURN

END

DYNAT860
O¥YNATB70
DYNAT880
DYNAT830
DYNATOO0D
DYNAT910
DYNATR20
DYNAT930
DYNAT940
DYNAT950
DYNAT960
OYNATS70
DYNAT7980
DYNAT990
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SUBROUTINE vACO

COMMON/A/ Q(101)+DQ(101)9+A(101)9DAC1I01)»Y(101),QI(501)
COMMON/D/ XA(101)9XB(101)yA1(101)+B1(101)+A2(101),82(101)
COMMON/F/ VE(101) eWD(101),HD(101)+RA(101)4PEC(101)4FR(101)
COMMON/Q/ "JRsJP NTyNTPsTSTsOTUsDT e THEWNL9SLDyRY
COMMON/R/ GRsTMA»CMA9 AL »BET 9 BES

D0 20 J=1,JpP

VE(D) =2Q(J) /A

PE(J)=AL(J)#A(J)**B] (J)

WD (J)=A2(J) #A (J) *#82(J)

RA(J)=A(J)/PE (W)

HD (J) =A (J) Z7wD (J)

FR(J)=VE(J) 7 (SQRT (GR#HD (J) ))

CONTINUE

RETURN

END

DYNABOOO
DYNABOLO
DYNABO20
DYNABO030
DYNABO4O
DYNABOSO
DYNABOSO
OYNABOTO
OYNABUSO
DYNABOSO
DYNABLOO
DYNAB110
DYNABL20
OYNAB130
OYNABL40O
DYNAB150
DYNABL60O
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1. INTRODUCTION

This program is intended for use in flood routing computations in
natural and artificial channels. It is designed to be used primarily as
a canned program, although maximum benefit can be obtained if the user
has some familiarity with flood routing concepts.

The program is written in a modular structure, with a main program
calling several subroutines to perform certain specific tasks. The
modularity of the program provides for ease of modification, updating
and improvement. The documentation given here is designed to help the
user get familiar with the overall features of the program and its
input-output requirements.

2.  BRIEF DESCRIPTION OF THE MODEL

The wunsteady flow model <contained in program MUSK is a
Muskingum-Cunge model, i.e., a model that uses the Muskingum method of
flood routing in which the parameters K and X are calculated by
using the formulas derived by Cunge. Program MUSK incorporates the
feature of variable parameters, by using the three-point method of Ponce
and Yevjevich. In this method, the parameters K and X (or C and
D) are varied in time and space as a function of the flow variability.
This enables an improved definition of the calculated discharge
hydrograph.

3.  PROGRAM FEATURES

MUSK has the following programming features:

(1) Maximum number of computational reaches = 100. Maximum number

of time steps = 500. With these array sizes, the central

memory requirements do not exceed 100,000 (octal).



(2)

(3)

(5)

(6)
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Seven (7) subroutines, each performing a specific function.
The flow of information from main program to subroutines and
between subroutines is done primarily by 1labeled common
blocks. Large array common blocks are labeled A through E,
and single variable P through S.

Four (4) indicators for program capabilities. Each indicator
can be either 0 or 1, deﬁending on the user's choice. The
choice of indicators determines the arrangement of the input
file, as illustrated in the following section.

For added convenience, the input-output is described in the
source file by using comment cards.

The input data can be given either in S.I. units (Kg-m-sec) or

U.S. Customary (1b-ft-sec).

A brief explanation on the use of the indicators is given below:

INDC

INDL

Calendar Time Capability

If INDC = 0, there is no capability for the calculation
of calendar time, and no need to enter related data on
card D. If INDC = 1, subroutine CALE will calculate the
calendar time for each time step of the computation,
given the initial data and time at t = 0, as read in card
D.

Lateral Inflow Option

If INDL = 0, no lateral inflow can be included in the
computation. If INDL = 1, lateral inflow can be con-
sidered. The maximum number of reaches where lateral
inflow can be specified is 8. (If necessary, this
feature can be modified by increasing the size of labeled

common block D and reformating cards J and K.)



INDP

INDS
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Plotted Output Capability

If INDP = 0, no plotted output capability. If INDP =1
and INDS = 0, the discharge hydrograph at the downstream
section will be plotted using the MAPA library routine.
If INDP = 1 and INDS = 1, the discharge and stage
hydrographs at the downstream section will be plotted.
Stage Computation Capability

If INDS = 0, there is no stage computation capability.

If INDS = 1, there is stage computation capability.

4. INPUT-OUTPUT EXAMPLES

Two examples are given to illustrate the use of program MUSK. The

examples are detailed in Table 2.

Table 2
MUSK: ILLUSTRATIVE EXAMPLES

Example INDC INDL INDP INDS INPUT OUTPUT
A 0 0 0 0 Fig. 7 Fig. 9
B 1 1 1 1 Fig. 8 Fig. 10

5. LIST OF SUBSCRIPTED VARIABLES

AR

AL

Al

A2

BE

B1

B2

Flow area

Coefficient o in discharge-area relation (Q = aAB)

Coefficient a, in top width-area relation (w = alAbl)
Coefficient a, in stage-discharge relation (y = aszZ)
Exponent B in discharge-area relation (Q = aAﬁ)

Exponent b1 in top width-area relation (w = alAbl)
Exponent b2 in stage-discharge relation (y = aszz)
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UNSTEADY FLOW IN OPEN CHANNELS: PROGRAM MUSK/ EXAMPLE A

JUNE 16-20
0000

10 48
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
200.
200.
213.63
882.843
703.527
200.
200.
200.

y 1980

4
1.67
1.47
1.67
1.47
1.47
1.47
1.67
1.47
1.67
1.47
1.67
200,
200.
253.59
944.410
600.
200.
200.
200.

6.00
200.
200,
200.
200,
200.
200.
200,
200.
200,
200.
200,
200.
200.
317.157
986.370
496.472
200.
200.
200,

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
200.

400.
1000.
400.
200,
200,
200.

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
200,

496,472
986.370
317.157
200.
200.
200.

10000.
10000.
10000.
10000,
10000.
10000.
10000.
10000.
1000¢.
10000.
10000,
200.

600.
946.410
253.59
200.
200.
200.

200,

703.528
882.843
213.463

200.
200,
200.

200.

800.
800,
200.
200.
200.
200.

|ofo|=>

| o |

ll.-‘l/!/.'li.‘I!!/!I/!2/-’!l’/a’!.'!3).'.“.“/.'.“l!41‘a'.'.»‘/a‘!.'i"stfl.l/!Jllé.'.‘f.-’/ff'f'a‘?z’!-“l,’lt’/la

Fig. 7 Program MUSK, Example A:

Input
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UNSTEADY FLOW IN OPEN CHANNELS: PROGRAM MUSK/ EXAMPLE B
JUNE 16-20, 1980

1111
10
0.01
0.01
0.01
0.01
0.01
0.01
0.01
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Fig. 8 Program MUSK, Example B:
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MUSK==w=aeMUSKINGUM=CUNGE FLOOD ROUTING METHOOD WITH VARIABLE PARAMETERS
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UNSTEADY FLOW IN OPEN CHANNELS: PROGRAM MUSK/ EXAMPLE A
JUNE 16=20s 1980

INDC= 0 INOICATOR CALENDAR TIME
INOL= 0 INDICATOR LATERAL INFLOW
INDP= 0 INDICATOR PLOTTED OUTPUT
INDS= 0 INDICATOR STAGE CALCULATION

JR = 10 REACHES
JP = 11 CROSS SECTIONS
NT = 48 TIME STEPS
NTP = 4 PRINTED OUTPUT EVERY NTP TIME STEPS
TST = 64000 DAYS = TOTAL SIMULATION TIME
nT = «125 DAYS = TIME INTERVAL
HYDRAULIC AND CROSS SECTIONAL PROPERTIES
J ALPHA BETA ’ Al Bl SLOPE DX
1 «0100 1.6700 200.0000 0.0000 +0001 10000.0000
2 «0100 1.6700 200.0000 0.0000 «0001 10000.0000
3 «0100 1.6700 200.0000 0.0000 0001 10000.0000
4 20100 16700 200,0000 0.0000 <0001 1000040000
s #0100 l.6700 200.0000 00000 «0001 100000000
6 «0100 1.6700 200.0000 0.0000 «0001 10000.0000
7 «0100 1.6700 200.0000 0.0000 0001 100000000
A «0100 1.6700 20040000 0,0000 «0001 10000.0000
9 «0100 1.6700 200.0000 0.0000 «0001 10000.0000
10 +0100 1.6700 200,0000 0.0000 «0001 10000.,0000
11 #0100 1.6700 200.0000 0.0000 «0001 10000.0000
TIME STEP 0
J DISCHARGE AREA TeWIDTH J DISCHARGE AREA TeWIDTH J DISCHARGE aREA Ten10TH
200,0000 376.2418 200.0000 6 200.0000 376.2418 200.0000 9 200.0000 376.2418 200.0000
200.,0000 376.2418 200.0000 7 200,0000 376.2418 200,0000 10 200.,0000 376.2418 200.0000
200,0000 3762418 200,0000 8 200,0000 376.2418 200,0000 11 200,0000 376.2418 20040000

200,0000 376.2418 200,0000
200,0000 376.2418 200,0000

G e W -

Fig. 9 Program MUSK, Example A: Sample of Output
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TIME STEP 4

J DISCHARGE AREA T.WIDTH J DISCHARGE AREA TeWIDTH J DISCHARGE AREA TeWIDTH
1 400.0000 569.8028 200,0000 6 213,3482 391.0830 200.,0000 9 201,3608 377.7725 200.0000
2 337.5281 514.7102 200.0000 7 206,4257 383.4342 200,0000 10 200,606]1 376.9241 200.,0000
3 286.4379 46645311 200,0000 8 202.9943 379.6047 200,0000 11 200,2655 37645408 200.0000
4 249,7470 429.7676 200.0000

5 226.5408 405,3892 200,0000

TIME STEP 8

J DISCHARGE AREA TeWIDTH J DISCHARGE AREA ToWIOTH J D1SCHARGE AREA TeWIDTH
1 B00.,0000 B862.9428 200,0000 6 442,3260 605.1761 200,0000 9 2T74,9274 455,2128 200,0000
2 735,8118 820.,7891 200,0000 7 374.9213 56841335 200,0000 10 264,7021 426.5480 200,0000
3 666,0820 773.,2856 200.0000 8 318.2949 496.9415 200,0000 11 225.3706 40641339 200.,0000
6 592.0771 720.6287 200.0000

5 516,2423 663,8670 200,0000

TIME STEP 12

J DISCHARGE AREA ToWIDTH J DISCHARGE AREA TeWIDTH J DISCHARGE AREA TeW1DTH
1 1000,0000 98643067 200.0000 6 B860,4220 B888,7935 200,0000 9 647,76401 T60.463¢ 200.0000
2 98442331 976.9651 200.0000 7 783,6323 852.3269 200,0000 10 57241998 706.0427 200.0000
3 9605701 962.8316 200.,0000 8 718.,9855 B809,4978 200,0000 11 695,8611 64R,0266 20040000
4 928.86435 943,6608 200,0000

S 888,8456 919,1133 200,0000

TIME STEP 16

J DISCHARGE AREA TWIOTH J OISCHARGE AREA TeWIDTH J 01SCHARGE AREA Ted]OTH
1 800.0000 862.9428 200.0000 6 924,0241 940.7258 200,0000 9 902.7609 927.,7027 200,0000
2 860.,6098 B88.9124 200,0000 7 925.2773 941.4896 200,0000 10 878.2286 91245235 200,0000
3 873.1424 909.,3552 200,0000 8 918,3098 937.2379 200,0000 11 B44,3467 B91.2765 200.0000
P A97.8504 924.6777 200,0000

Fig. 9 (continued)
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TIME STEP 20

J DISCHARGE  AREA T.WIDTH J DISCHARGE  AREA TeWIDTH J DISCHARGE  AREa Ted10TH
1 400,0000 569.8028 200.,0000 6 689,8073 789,6630 200,0000 9 T97.7377 861.4R08 200.0000
2 469,2448 626,9678 200,0000 7 731.3687 B17.8177 200,0000 10 822.1285 B877.1877 20040000
3 532.6346 676.3901 200.0000 8 767,4029 B41,7126 200.0000 11 840,2545 B88,6874 200.0000
4 590.,4466 T19,4396 200,0000

S 642,8223 757.,0008 200.,0000

TIME STEP 24

J DISCHARGE  AREA T.WIDTH J DISCHARGE  AREA T.WIOTH J DISCHARGE  AREa T.WI0TH
1 200.0000 376.2418 200,0000 6 405,5321 574.5086 200.,0000 9 543,7085 6R4.7761 200.0000
2 225,6975 404,4849 200.0000 7 453,1047 613,9639 200,0000 10 5B85,7863 716.0340 200,0000
3 264,6268 444,9218 200.,0000 8 499,3406 65047457 200,0000 11 625,2068 T44.,5099 200,0000
s 309.7404 48B.9002 200.0000

5 357.3626 532.6141 200.0000

TIME STEP 28

J DISCHARGE AREA TeWIDTH J DISCHARGE AREA TeWIDTH J DISCHARGE AREA TeW10TH
1 200.0000 376.2418 20040000 6 268,3112 42842865 200.0000 9 339,9035 516.8762 200,0000
2 200.5248 376.8326 200,0000 7 2715.3894 455.,6706 200,0000 10 375.,0437 548.2406 200,0000
3 203.4843 380,1532 200,0000 8 306.3503 4B85.6890 200,0000 11 411,0015 579,1359 2000000
s 211.6189 389,1817 200,0000

S 226,6206 405.4746 200,0000

TIME STEP 32

J DISCHARGE  AREA T.WIDTH J DISCHARGE  AREA TewIDTH J DISCHARGE  AREA TeWIDTH

Fig. 9 (continued)
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MUSK==a=e=MUSKINGUM=CUNGE FLOOO ROUTING METHOD WITH VARIABLE PARAMETERS
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UNSTEADY FLOw IN OPEN CHANNELS: PROGRAM MUSK/ EXAMPLE 8

JUNE 16=20,

1980

INDC= )} INDICATOR CALENDAR TIME
INOL= 1 INDICATOR LATERAL INFLOW
INDP= 1 INDICATOR PLOTTED OUTPUT
INDS= 1 INDICATOR STAGE CALCULATION
JR = 10 REACHES
JP o= 11 CRUSS SECTIONS
NT = 48 TIME STEPS
NTP = 2 PRINTED OUTPUT EVERY NTP TIME STEPS
TST = 60000 DAYS = TOTAL SIMULATION TIME
0T = ¢125 DAYS = TIME INTERVAL
HYDRAULIC AND CROSS SECTIONAL PROPERTIES
J ALPHA BETA Al 81 A2 B2 SLOPE ox
1 «0100 1.6700 200.0000 0.0000 98,0000 0070 «0001 100000000
2 «0100 1.6700 200.0000 0,0000 9840000 #0070 +0001 1000040000
3 #0100 1.6700 200.0000 0.0000 9840000 «0070 «0001 100000000
4 «0100 1.6700 200.0000 040000 9840000 «0070 «0001 1000040000
s «0100 1.6700 200.0000 0.0000 9840000 «0070 +0001 10000.0000
A «0100 1.6700 200.0000 0.0000 98.0000 «0070 #0001 10000.0000
7 «0100 1.6700 200.,0000 0.0000 98,0000 «0070 «0001 100000000
) #0100 146700 200.0000 0.0000 98,0000 «0070 +0001 10000.0000
9 «0100 146700 20040000 0.,0000 9840000 «0070 «0001 100000000
10 «0100 1.6700 200.0000 0.0000 9840000 «0070 «0001 10000.0000
11 «0100 1.6700 20040000 0.0000 98.0000 «0070 «0001 10000.0000
TIME STEP 0 CALENDAR TIME B80/06/16 12300:00
J DISCHARGE AREA TOP WIDTH STAGE J DISCHARGE AREA TOP w1074 STAGE
1 200.,0000 376.,2418 200,0000 101.7029 7 20040000 37642418 20040000 101.7029
2 200,0000 376.2418 200,0000 101.7029 8 20000000 376.2418 20040000 101.7029
3 200,0000 376.26418 200,0000 1017029 9 20040000 37%.2418 20040000 101.7029
4 200,0000 376.2418 200,0000 101.7029 10 200.0000 376.2418 20040000 101.7029
S 200,0000 376.2418 200.0000 101.7029 11 20040000 376.2418 20000000 101.7029
6 200.0000 376.2418 200,0000 101.7029
TIME STEP 2 CALENDAR TIME B80/06/16 18:00:00

Fig. 10 Program MUSK, Example B:

Sample of Output

P L R L Ll L T L TP P Py Py
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1 25345900 433,715¢ 200,0000 101.8720 7 207.2358 38643346 2000000 101.7282
2 22543950 404,1601 200,0000 101.78R0 8 289.,0488 669,0728 20040000 101.9654
3 211.1359  388.6495 200,0000 101.7415 9 258.8409  439.0709 20040000 101.8867
4 24T7.6409 427.5938 200,0000 101,855]1 10 231,3657 41045373 2000000 101.8067
5 230,2418  409,3421 200,0000 101.8032 11 21448027  392.6773 20040000 101.7537
6 215.6137  393,5643 200,0000 101.7564

TIME STEP 4 CALENDAR TIME 80/06/17 00:003:00
J DISCHARGE AREA TOP WIDTH STAGE J DISCHARGE aREA TOP WIDTH STAGE
1 400,0000  569,8028 200,0000 102.1976 7 234.7656 41641390 20040000 101.8171
2 337.5281  514,7102 200,0000 102.0761 8 319.9392 493.4770 20040000 102.0379
3 286,4379  466.5311 200.0000 101.9589 9 30440839  483.5342 200,0000 102,0016
s 299.6106  479.2622 200,0000 101.9910 10 283.5418  463.7007 20040000 101.9517
5 273.5986  453.8939 200,0000 101.9262 11 260.5089 44047630 20040000 101.8912
6 252.3725  432,4673 200,0000 101.8686

TIME STEP & CALENDAR TIME 80/06/17 06100300
J DISCHARGE AREA ToP WIDTH STAGE J DISCHARGE AREA TOP WIDTH STAGE
1 600.0000  726.3876 200,0000 102.4880 14 295.7200  475,5258 20040000 101.9817
2 52648336 671.9692 200,0000 102.3948 8 367.6533 56147457 20040000 102.1372
3 453,8539  614,5716 200,0000 102.2880 9 34644955  522.8556 20040000 102,049
4 436,5629 600,4421 200,0000 102.2601 10 327.0170 505.0514 200.0000 102.0535
5 379.8737 55244576 200,0000 102.1606 11 307.0514 48643543 200.0000 102.0085
6 333.,0544  510,6143 200,0000 102.0666

TIME STEP 8 CALEVDAR TIME 80/06/17 12100100
J DISCHARGE AREA TOP WIDTH STAGE J DISCHARGE AREA TOP WIDTH STAGE
1 800,0000 862.9428 200,0000 102.6946 7 434,3591 593,6533 2000000 102.2566
2 735.8118 820,7891 200,0000 102.6345% 8 478.6808 63644871 2000000 102.3261
3 666,0820 773,2856 200,0000 102.5630 9 434,86459 599,0269 200.0000 102.2573
4 643,1120 757.2051 200,0000 102.5378 10 398.4528 568.4820 2000000 102.1948
S 570.5482 704,8217 200,0000 102.4519 11 367.8529 5641.9218 2000000 102.1376
(.Y 499,929%4 65142051 200,0000 102.3572

TIME STEP 10 CALENDAR TIME B80/06/17  18:00:00
J DISCHARGE AREA TOP WIDTH STAGE J DISCHARGE AREA TOP WIDTH STAGE
1 946,4100  956,3072 200,0000 102.8155 7 642,3011  756.6333 20040000 102.5360
2 903,2101  927.9791 200.0000 102.7819 8 671.1276  T76.7878 200.0000 102.5684
3 8526377 896,5068 200,0000 102.7404 9 605,4394 73043237 200.0000 102.4965
4 845.,2704  891,8602 200,0000 102,7342 10 54444673  685,3481 20040000 102.4184
5 782,3836  B51.513¢ 200,0000 102.6786 11 489.T747¢  643.2304 20040000 102.3425
6 T14,1748 806.,2501 200,0000 102.6131

Fig. 10 (continued)
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DX

QD
QI
PLN
QLI
QPL
RBE
SL

ST

YPL

58

Reach length

Number of locations with lateral inflow
Discharge

Inflow discharge

Auxiliary array for plotting purposes

Lateral inflow discharge

‘Auxiliary array for plotting purposes

Auxiliary variable
Average channel bed slope
Stage

Top width

Auxiliary array for plotting purposes
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PROGRAM LISTING
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c"”'.’..'....Q.Q..‘.'Q.......’..Q...'.Q....'.Q.......G..l...’.’Q'...QQ..'Q.".

Cc*
Ce
Ce
(o}
Ce

C...I"i".Q."'.Q..’I..'....D‘I’“Q.‘..9'."..l...i.!'.Q".’..'....QI..Q.......

Cce
CesnueDEVELOPED
ce

ce
CesaanDESCRIPTION
ce

ce

ce

Ce»eaaCORE USAGE
Cce

ce

ConansyERSION

ce*
CenanaDISCLAIMER

ConaaaSUBROUTINES
ce
Cce

(o]

M U S K

ENGINEERING RESEARCH CENTERy COLORADD STATE
UNIVERSITYs FORT COLLINSs COLORADO 80523,

MUSK IS A GENERALIZED COMPUTER PROGRAM FOR THE
COMPUTATION OF FLOOD WAVES USING THE MUSKINGUM
METHOD. THE FLOOD ROUTING PARAMETERS ARE CALCULATED
BY USING CUNGE"S FORMULWS,

CENTRAL MEMORY REQUIREMENTS= 100000 OCTAL:

MK1ls MAY 1980,

THIS PROGRAM IS5 ACCEPTED AND USED BY THE RECIPIENT

UPON THE EXPRESS UNDERSTANDING THAT THE DEVELOPERS

MAKE NO WARRANTIESs EXPRESSED OR IMPLIEDs CONCERNING
THE ACCURACY» COMPLETENESSs RELIABILITY OR SUITABILITY
FOR ANY ONE PARTICULAR PURPOSEs AND THAT THE DEVELOPERS
SHALL BE UNDER NO LIABILITY TO ANY PERSON BY REASON

OF ANY USE MADE THEREOF.

NAME DESCRIPTION

CALE CALENDAR TIME CALCULATION

COMP  MAIN COMPUTATIONS

INCO INPUT OF INITIAL CONDITIONS

INDA INPUT OF DATA

PLOT PLOTS OUTPUT

PRIN PRINT RESULTS WITHOUT STAGE CALCULATION
PRIX PRINT RESULTS WITH STAGE CALCULATION

CeesanaINDICATORS FOR PROGRAM OPTIONS

Ce
Ce
Ce
Ce
Ce
ce
[ ]
(o} ]
ce
[of 4
Cce
Ce
Ce
Ce
C*
Ce

NAME DESCRIPTION

INDC CALENDAR TIME OPTION
0= NO CALENDAR TIME CAPABILITY
1= CALENDAR TIME CAPABILITY
INDL LATERAL INFLOW O0PTION
0= NO LATERAL INFLOW CAPABILITY
1= LATERAL INFLOW CAPABILITY
INDP PLOTTED OUTPUT OPTION
0= NO PLOTTED JUTPUT CAPABILITY
1= PLOTTED OUTPUT CAPA3ILITY
INDS STAGE COMPUTATION: OPTION
0= NO STAGE COMPUTATION CAPABILITY
1= STAGE COMPJTATION CaPABILITY

Ceeo2aaNPUT DESCRIPTION

ce
Cce CARD NUMBER
ce

Ce A 1

DESCRIPTION FORMAT

NAME OF RUN 40A2

LI BN BE BN B 2N B BN BN BE BN BE BE B BE BN BN BN B AR B BE NE BE BE IR BN BN BE BN BE BN BN BE BN BE BN BE BE BN BN BN IR BE K BE BE BN BN Y BF BN BE B BRI BE B )



Ce € JRe+]}

Ce F JRe1
C* 6 (JRel)/g

[hd H NT/8

Ce J 1

60

DATE OF RUN
INPUT OF INDICATORS FOR PROGRAM OPTJONS

40A2
8011

INPUT OF DISCRETIZATION: DATA AND INITIAL TIME CALENDAR

(IF(INDC.EQ.0) NO NEED TO ENTER YEAR+MONTHsDAYs
HOURYMINSSEC

(JReNTeNTP)

{TST)

{YEAR¢MONTH,DAY)

(HOURsMIN»SEC)

(IF(INDS+EQ.0) READ CARD Es (JRel) TIMES)

HYDRAULIC AND CROSS=SECTIONAL' CHARACTERISTICS
(AL (JY o BE(J) s AL (J) 9B UJ) oSL(J) s DXL}

{IF(INDS.EQ.1) READ CARD Fs (JRe1) TIMES)

HYORAULIC AND CROSS~SECTIONAL: CHARACTERISTICS
ALLD) sBE(JU) 9 AL (D) oBL IS o SLEIUI s DX (J) 9 AREUI 0 B2(U) )

INITIAL CONDITIONS
(alJ)y J=ls(JRe1))

BOUNDARY CONDITIONS
(QI(N) 9 N=14NT)

(IF({INDL+EQ,1) READ CARDS IsJs AND K

NUMBER OF REACHWES WITH LATERAL INFLOWs NLUI
(MAXIMUM NUMBER OF REACHES= 8)

REACH LOCATION WITH LATERAL: INFLOW

Ce K NLI®(NT/8) LATERAL INFLOW#

CuaseaQUTPUT DESCRIPTION

C» IF(INDS.EQ.0) CALL PRIN= DISCHARGEs FLOw AREA, TOP WIDTH

Ce IF (INDS+EQe}) CALL PRIS= DISCHARGEs FLOW AREAy TOP WIDTHe STAGE

CrenuaNOTE
ce
C»

318
F10.0
3is
3F10.0

8F10.0

8F10.0

8F10.0

8F10.0

110

110

8F10.0

THIS PROGRAM CAN BE OPERATED IN S.I, UNITS(METRIC) OR

U,Se CUSTOMARY (LB~FT=5EC).

2 % 958583 SEEESEES S EEEREEELESREERESE SR LRSS EEERES

CHONNRRBERERBRBRE SR AR EBRRBEREEPRETHERGAREB AR R RRORER AR RV R RN BV VIR CI NSRBI 00S

c

PROGRAM MUSK (OUTPUT+ TAPES=0UTPUT» TAPES)
COMMON/A/Z QD(10192) »AR{10192)9WT (10142}
COMMON/B/ S {101)+DX(101)+AL(101)+BEC101)+AL(101)+81(101)sRBE(101)MUSK
COMMON/C/ ST(101)9A2(101)+B82¢101)

COMMON/D/ Q1{(501)+QLI(B+501),xL1(8)

COMMON/E/ PLN(500)9QPL (500} +QPLMsYPL{(500) VP LM
COMMON/P/ INDL s INDS s INDPy INDC

COMMON/Q/ JRsJPyNT9NLsOT9DTSeNLIeNN9NTP
COMMON/R/ RUN{40) +DATE(40)

MUSK
MUSK

MUSK
MUSK
MJUSK
MUSK
MUSK
MUSK

10
20
30
40
50
60
70
80
90



10

61

COMMON/S/ YEARsMONTHsDAY » HOUR+MIN9SECY IHOURS IMIN, ISEC
INTEGER YEARIMONTM4DAY

REAL MIN

CaLL INDA

CALL INCO
IF({INDS.EQ.0) CALL
IF (INDS+EQ. 1) CALL
NN=z2

QPLM‘O «0

YPLM=0,0

DO 10 N=loNT
IPR=MOD (NWNTP)
CALL COMP(N)
IFCINDC4EQ. 1) CALL
IF(IPR.NE.0)GO TO
IF(INDS.EQe.0) CALL
IF (INDS.EQ.1) CALL
CONTINUE
IF(INDP.EQ. 1) CALL
SYOP

END

PRIN(O)
PRIX (O}

CALE(DTS)
10
PRIN(N)
PRIX (N}

PLOTINT)

MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK

MUSK

MUSK
MUSK
MUSK

100
ilo
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300



10

20

30

40

50

60

70

80

62

SUBROUTINE CALE(TINT)

COMMON/S/ YEAR9MONTHsDAY s HOUReMINsSECY IHOUR9 IMIN, ISEC

INTEGER YEARIMONTHsDAY»DoeHsCHECK

REAL HOURJMIN,SEC

ST= JHOUR®3600.+IMIN®60,¢ISEC#]1,¢TINT

He ST/3600, +0,01

D= H/24 +0.01

IF(DsGT40) GO TO 10

IHOUR=MH

IMIN= (ST=H#3600.)/60,¢0,01

ISEC= ST=H®3600,=IMIN*60,+0,01

RETURN

DAY=DAY+D

IF(DAYoGTe3]1 ANDs MONTH.EQ.] +OR, DAY+GT,31 ,AND, MONTH.EQ.3
1¢0Re DAY oGT .31 (AND. MONTH.EQ.5 +ORe DAYeGTo31 «ANDe MONTH.EQ,.7
2:0Re¢ DAY.GT,31 ,ANDs MONTHeEQ.B +ORe DAYsGToe31 oANDe MONTH.EQ.10)
3G0 70 30

IF(DAY.GTe31 ,AND. MONTH.EQ.12) GO TD SO

MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK

IF (DAYeGTe30 4ANDe MONTH.EQe4 oORe DAY4GT430 ,AND. MONTHeEQ.6 +OR MUSK
10AY.GT+30 +ANDe MONTH.EQe9 +ORe DAYeGTe30 oANDe MONTH.EQe11)GOTO6OMUSK

IF (DAY.GT+28 JANDs MONTH.EQ,2) GO TO 70
IHOUR= (ST=p*86400,)/3600.+0,01

IMIN= (ST~D#86400,~1HOUR®*3600.)/60,40.01
ISEC= ST=D%86400.=JHOUR*3600,=-IMIN®60,
RETURN

MONTH=SMONTHe 1

IF (MONTH,GT,12) GO TO SO

IF (MONTH.EQ,2) GO TO 40

DAY=DAY=31

IF(DAY«GT43] ,AND. MONTH.EQ.7) GO TO 30
IF(DAY+GT431 ,AND. MONTH.NE.7) GO TO 60
GO 70 20

MONTH=MONTH=1

GO TO 70

YEAR=YEAR+]

MONTH=1

DAY=0AY=3]

IF (DAY.6T.31) GO TO 70

GO T0 20

MONTH=MONTH41

DAY=DAY=30

1IF(DAY.GT,.30) GO TO 30

GO 7O 20

CHECK=YEAR/4

REST=FLOAT (YEAR) ~CHECK®4,
IF(REST.EQ.0.) GO TO 80

MONTH=MONTHe 1

DAY=DAY=28

GO T0 20

IF (DAY.EQ.29) GO TO 20

MONTH=MONTHs 1

DAY=0AY=29

IF (DAY.GT.31) GO TO 60

GO TO 20

END

MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK
MUSK

310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
Sio
520
530
560
550
560
S70
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
8lo0
820
830
840
850
860



10
20
30

40
50

60

70

SUBROUTINE COMP(N)

COMMON/AZ QD(10192) +AR(10192)sWT(10192)
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MUSK 870
MUSK 880
MUSK 890

COMMON/B/ SL(101)9DX(101)9AL(101)¢BE(101)+A2(101)+B1(101)+RBE(101)MUSK 900

COMMON/C/ ST(101)9A2(101),+82(101)
COMMON/D/ Q1(S501)+QLI(Bs501)4KLI(8)

COMMON/E/ PLN(500)sQPL(500) »QPLMsYPL(500) s YPLM

COMMON/P/ INDL s INDS» INDPy INDC

COMMON/Q/ JR9JP4NToNL9DToDTSeNLIoNNs NTP

QD(192) QI (N)

D0 30 J=1lsJR
AR(J92)3(QD(Js2) /AL (J) ) *#*RBE (J)
WT(Je2)=AL(J) #AR(Jy2) #*B1 (J)

MUSK 910
MUSK 920
MUSK 930
MUSK 940
MUSK 950
MUSK 960
MUSK 970
MUSK 980
MUSK 990

QWAVE=0,3333%(QD(Js 1) /WT(Js1)+QD(Jo191) /AT (Je1s1)+QD(Je2)/WT (Jr2))MUSK1000

CEAVE=043333%(BE(J) *QD(Js 1) ZAR(Je1) *BE(J*1) #QD(Je 19 1) /AR(J*1r 1)

+BE(J)#QD(Js2) 7AR(Us2))
C=CEAVE*DTS/0X (J)
D=QWAVE/ (SL (J) ®*CEAVE®*DX (J))
CD=1,+C+D
Cl=(1.,+C-D)/CD
C2=(=1,+C+D)/CD
C3=(1.~C+D)/CD

QD (J+192)=C1#QD(Js1) +C2%QD(Js2) +C3%QD(J+1s 1)

IF (INOL.EQ.0)GO TO 30
D0 20 K=1sNLI
IF (J=KLI(K))30910420

QD(J¢192)2Q0(J*192) +(2%C/CO)*ALI (Ko N)

60 TO 30

CONTINUE

CONTINUE

IF (INDS.EQ.0)GO TO SO

00 40 J=1lsJpP
ST(J)=A2(J) #QD (Y9 2) ##B2(J)
CONTINUE

QPL (N) =QD (JP+ 2)

IF (QPLMoLT.QPL (N) ) QPLM=QPL (N)
IF (INDS.EQ.,0)GO TO 60

YPL (N)=ST(JpP)
IF(YPLMeLToYPL (N)) YPLMZYPL (V)
CONTINUE

PLN(N)=FLOAT(N)
AR(JP92)=(QD(JUP2) /AL (JP) ) ##RBE (JP)
WT(JPs2) AL (JP) #AR(JP2) 48] (UP)
DO 70 JslsJpP

QD(Js1)=QD (e 2)
AR(Js 1) ZAR (U9 2)

WT(Je1)=WT (Ys2)

RETURN

END

MUSK1010
MUSK1020
MUSK1030
MUSK1040
MUSK1050
MUSK1060
MUSK1070
MUSK1080
MUSK1090
MUSK1100
MUSK1110
MUSK1120
MUSK1130
MUSK1140
MUSK1150
MUSK1160
MUSK1170
MUSK1180
MUSK1190
MUSK1200
MUSK1210
MUSK1220
MUSK1230
MUSK1240
MUSK1250
MUSK1260
MUSK1270
MUSK1280
MUSK1290
MUSK1300
MUSK131lo0
MUSK1320
MUSK1330
MUSK1340
MUSK1350



64

SUBROUTINE INCO
COMMON/AZ QD(101+2) sAR(101¢2) sWT (10142}

MUSK1360
MUSK1370
MUSK1380

COMMON/B/ SL(101)eDX{101)+ALC101)+8E(101),A1(101)+B1(101)+RBE(10]1)MUSK1I390

COMMON/C/ ST(101)9A2{(101),B2(101)
COMMON/D/ QI(501)+QLI(BsS501) oXLT(8)
COMMON/P/ INO{ » INDS» INDPs INOC

COMMON/Q/ JReJPyNToNLsDTsOTSaNLIsNNINTP
N=0Q

CARD G= INITIAL CONDITIONS
(QD(Je 1) 0=l e JP)

READ(5+100) (QD(Je1) 9sU=1sJP}

CARD H= BOUNDARY CONDITIONS
(QI(N) sNZ1eNT)

READ(S59100) (QY(N) oNu1sNT)
IF(INDL.EQ.0)GO TO 20

CARD I= NUMBER OF REACHES WITH LATERAL INFLOW

READ(S5+200)NLY

Caene

10
20

30

40
50
100
200

CARD J= REACH LOCATION WITH LATERAL INFLOW

READ(50200) (KLI(K)yK=1sNLI)
D0 10 K=leNLI

CARD K= LATERAL INFLOW

READ(S59100) (QLI(KyN) oN=14NT)
CONT INUE

00 30 J=l,JpP

RBE(JI=1./BE(Y)
AR(J911=(AD(Jp 1) 7AL (J) ) ##RBE(S)
WT{Jel)=AL () #AR(Je 1) #RB] ()
1F ({INDS.EQ.0}GO TO S0

DO 40 J=l.Jp
ST(J)sA2{J)#QD (Js 1) #2B2(J)
CONTINUE

FORMAT (8F10,0)

FORMAT (8110)

RETURN

END

MUSK1400
MUSK1410
MUSK1420
MUSK1430
MUSK1440
MUSK 1450
MUSK1460
MUSK1470
MUSK1480
MUSK 1490
MUSK1500
MUSK1510
MUSK1520
MUSK1530
MUSK1540
MUSK1550
MUSK1560
MUSK1570
MUSK1580
MUSK1590
MUSK1600
MUSK1610
MUSK1620
MUSK1630
MUSK1640
MUSK1650
MUSK1660
MUSK16T0
MUSK1680
MUSK1690
MUSK1700
MUSK1T710
MUSK1720
MUSK1730
MUSK1740
MUSK1750
MUSK1760
MUSK1770
MUSK1780
MUSK1790
MUSK1800
MUSK1810
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SUBROUTINE INDA

MUSK1820
MUSK1830

COMMON/B/ SL(101)90X(101),AL(101)yBE(101)+A1(101)+B1(101)oRBE(101)MUSK1B40

COMMON/C/ ST(101)+A2(101),82(101)

COMMON/P/ INOL 9 INDSs INOP+INOC

COMMON/Q/ JReJPyNToNLsDOTsDTSeNLIsNN9NTP

COMMON/R/ RUN(40) sDATE(40)

COMMON/S/ YEAReMONTH9DAY»HOUR9MIN9SECY IHOUR» IMIN, ISEC
INTEGER YEAR9MONTH,DAY

REAL MIN

CARD A= RUN(L)= NAME OF RUN
READ(59100) (RUN(L) 9L =1940)
CARD B~ DATE(L)= DATE OF RUN

READ(59100) (DATE(L) yL=1+40)
WRITE(6+300) (RUN(L) sL=1940) 9 (DATE(L) 9L=1940)

CARD C= INPUT OF INDICATORS
READ(59200) INDCy INDL» INOP+INDS

CARD D= INPUT OF DISCRETIZATION DATA
JR= NUMBER OF REACHES
NT= NUMBER OF TIME STEPS
NTP= PRINTED OUTPUT EVERY NTP TIME STEPS
TST= TOTAL SIMULATION TIME IN DAYS
YEAR= INITIAL YEAR FOR CALENDAR COMPUTATION
MONTH= INITIAL MONTH FOR CALENDAR COMPUTATION
DAY= INITIAL DAY FOR CALENDAR: COMPUTATION
HOUR= INITIAL HOUR FOR CALENDAR COMPUTATION
MIN= INITIAL MINUTE FOR CALENODAR COMPUTATION
SEC= INITIAL SECOND FOR CALENDAR COMPUTATION

READ(S91100) JReNToNTPyTSToYEARSMONTHy DAY s HOUReMINySEC
JPzJUR+1

OT=TST/FLOAT(NT)

DTS=OT#86400.0

WRITE(69400) INDCo INDL s INOPs INDSyJR9yJP9NTeNTPsTSTHDT
NL=NTe]

IHOUR=HOUR

IMIN=MIN

I1SEC=SEC

IF (INDS+EQ.1)GO TO 20

WRITE(6+500)

00 10 J=l,up

CARD E~ HYDRAULIC AND CROSS SECTIONALI CHARACTERISTICS
AL(J)= COEFFICIENT ALPHA IN JDISCHARGE~AREA RELATION
BE(J)= EXPONENT BETA IN DISCHARGE=AREA RELATION
Al(J)= COEFFICIENT Al IN TOP WIDTH=AREA RELATION
Bl(J)= EXPONENT Bl IN TOP wIDVTH-AREA RELATION
SL(J)= AVERAGE CHANNEL BED SLOPE
OX(Y)= REACH LENGTH

READ(5+600) AL (J) sBE(J) 9A1(J) 9B1(J) »SLIJ) 2 DX (YD)
WRITE(69700)JyAL(J)9BE(J) 9AL(J)9BLIJ)»SLIJ)»DX (D)
WRITE(691000)

MUSK1850
MUSK1860
MUSK1870
MUSK1880
MUSK1890
MUSK1900
MUSK1910
MUSK1920
MUSK1930
MUSK1940
MUSK1950
MUSK1960
MUSK1970
MUSK1980
MUSK1990
MUSK2000
MUSK2010
MUSK2020
MUSK2030
MUSK2040
MUSK2050
MUSK2060
MUSK2070
MUSK2080
MUSK2090
MUSK2100
MUSK2110
MUSK2120
MUSK2130
MUSK2140
MUSK2150
MUSK2160
MUSK2170
MUSK2180
MUSK2190
MUSK2200
MUSK2210
MUSK2220
MUSK2230
MUSK2240
MUSK2250
MUSK2260
MUSK2270
MUSK2280
MUSK2290
MUSK2300
MUSK2310
MUSK2320
MUSK2330
MUSK2340
MUSK2350
MUSK2360
MUSK2370
MUSK2380
MUSK2390
MUSK2600
MUSK2410
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GO TO 40 MUSK2420

20 WRITE(6+800) MUSK2430
00 30 J=slyup MUSK2440
MUSK2450

Ce#s% CARD F» HYDRAULIC AND CROSS SECTIONALI CHARACTERISTICS MUSK2460
[+ AL{J)= COEFFICIENT ALPHA IN DISCHARGEwAREA RELATION MUSK2470
C BE(J)= EXPONENT BETA IN DISCHARGE~AREA RELATION MUSK2480
c Al(J)= COEFFICIENT Al IN TOP WIDTH=AREA RELATION MUSK2490
C Bl(Jy)= EXPONENT 81 IN TOP WIOTH=AREA RELATVION MUSK2500
[ SL{J)= AVERAGE CHANNEL BED SLOPE MUSK2510
c DX(Jy)= REACH LENGTH MUSK2520
[ A2(J)= COEFFICIENT A2 IN STAGE~DISCHARGE RELATION MUSK2530
[ B2(J) EXPONENT 82 IN STAGE-0QISCHARGE RELATION MUSK2540
C MUSK2550
READ(5¢600) AL (J) #BE (J) v AL (J) +BL{J) s SLILJ} $DX{J) 9 AR J) 9B (D) MUSK2560

30 WRITE(65900)JysAL(J) oBECGJ) sAL () ¢B1(J)9A{U) #B2(J) o SL IV 9 DRIV} MUSK2570
WRITE(691200) ) MUSK2580

40 CONTINUE ’ MUSK2590
100 FORMAT (40A2) MUSK2600
200 FORMAT(B0I1) MUSK2610
300 FORMAT(1H1+2(/)¢132(1H*) /730X MUSKeweeweMUSKINGUM=CUNGE FLOOD ROUMUSKZ2620
1TING METHOD WITH VARIABLE PARAMETERS"//132(1v#}///1X60A2//1X40A2/)MUSK2630

400 FORMAT(* INDCa" 12" INDICATOR CALENDAR TIMEY/ MUSK2640

1 *OINpL="12" INDICATOR LATERAL INFLOW'®/ MUSK2650

2 “ INDP=M12" INDICATOR PLOTYED OJTRUT'/ MUSK2660

3 " INpS="12" INDICATOR STAGE CALCULATIONM// MUSK26T0

4 " UR  =Y110% REACHES"/ MUSK2680

5 " JP  ="110% CROSS SECTIONSYW/ MUSK2690

6 # NT =01lo" TIME STEPSW/ MUSK2700

7 ® NTP ="110" PRINTED OUTPUT EVERY NTP TIME STEPSW/ MUSK2710

8 * TST ="F10,3" OAYS =~ TOTAL SIMULATION TIME®/ MUSK2720

9 * DT =0F10,3" DAYS = TIME INTERVAL'W//) MUSK2730

S00 FORMAT(16XswH Y DR AU L IC AND CROSS SECTTIONALMUSK2T4O
1 PROPERTIE SW/IXe123(1He) Z6XHINIBXNALPHANISXNBETANISXMAIMUSKZTS0

2ULTXMBLNISXNSLOPENISXNOX/1Ke 123(1H")/ ) MUSK2760
600 FORMAT(8F10,0) ‘ MUSK2770
700 FORMAT(1593X93F20+492F18444F1944) MUSK2780

800 FORMAT(23XemH Y DR A UL IC AND CROSS SECTI ONALMUSK2790
1] PROPERTIE S'/IXel31(1H=)/6XNIHI2XMALPHANTIX"BETANI2XMALIMUSK2800

2013XNBLINIIXNARN ] IXNB2N L LXNSLOPENIIXNOX"/1Xe131(1H=)/ ) MUSK2810
900 FORMAT(ISe1X93F16+49F144442F15.49F14,49F17:4) MUSK2820
1000 FORMAT(1Xs123(1H=)///) MUSK2830
1100 FORMAT(3IS59F1040931593F10.0) MUSK2840
1200 FORMAT(1X#131(1H=)///) MUSK2850
RETURN MUSK2860

END MUSK2870



67

MUSK2880

SUBROUTINE PLOT(NT) MUSK2890
COMMON/E/ PLN(500) ¢QPL {500} s QPLMsYPL(S500) 4 YPLM MUSK2900
COMMON/P/ INDL» INDS,» INDPyINDC . MUSK2910
OIMENSION ITITLE(2) +KTITLE(2) s JTITLE(B) 4yNTITLE(B) MUSK2920
DATA ITITLE(1)+ITITLE(2)/10HTIME STEP +5HSTAGE/ MUSK2930
DATA KTITLE(1) oKTITLE(2)/10HTIME STEP +9HDISCHARGE/ MUSK2940
DATA JUTITLE/1OMDISCHARGE 10HHYDROGRAPH10H AT  J=JPy5%10H MUSK2950
1 / MUSK2960
DATA NTITLE/ THSTAGE 10HHYDROGRAPH,10H AT  J=sJPs5#]10H MUSK2970
/ MUSK2980
T=FLOAT (NT) MUSK2990
CALL MAPA(S,PLNyQPLs1sNTs1esToQPL(1) osQPLMyKTITLE (1) oKTITLE(2) ¢ JTITMUSK3000
1LEs D) MUSK30}0
IF (INDS.EQ.0)GO TO 10 MUSK3020
CALL MAPA(SyPLNyYPLoLoNTs1eoToYPLUL) 2 YPLMy ITITLE(D) o ITITLE(2) 9 NTITMUSKI030
1LEs D) . MUSK3040
10 RETURN MUSK3050

END MUSK3060
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SUBROUTINE PRIN(N)
COMMON/AZ QD(10192) vAR(10192)9WT(101e2)
COMMON/P/ INDL+# INDS» INOPyINDC
COMMON/Q/ JReJP¢NTeNLsDTsDTSINLIsNNeNTP
COMMON/S/ YEARYMONTHeDAYsHOURyMINSECs IHOURs IMIN, ISEC
INTEGER YEAR9MONTHsDAY
REAL MIN
IF {INDC.NE.1)G0 TO 10
WRITE(6+400)N,YEARyMONTHsDAY s IHOUR IMINS ISEC
60 10 20
10 WRITE(6+100)N
20 I=0
IF{(JP/7383) udP)40+30440
30 X=0
I=0
GO YO 70
40 IF{((JUP=1)/3%3)=(UP=1))50:60,50
50 I=e1}
K22
60 YO 70
60 I=1
K=]
70 L1l=JP/3
JlstleK
J2=2# 14K
DO 80 U=lsL1
Ni=sJdled
N2=xJZ2eJ

MUSK3070
MUSK3080
MUSK3090
MUSK3100
MUSK3l1o
MUSK3120
MUSK3130
MUSK3140
MUSK3150
MUSK3160
MUSK3170
MUSK3180
MUSK3190
MUSK3200
MUSK3210
MUSK3220
MUSK3230
MUSK3240
MUSK3250
MUSK3260
MUSK3270
MUSK3280
MUSK3290
MUSK3300
MUSK3310
MUSK3320
MUSK3330
MUSK3340
MUSK3350

WRITE(69200)J,QD{Je1) sAR{J» 1) oWT(Js1) oNIsQO (NI 1) o ARINI 1) »WT (N1yIMUSK3I360

1) 9N29QDIN29 1) AR (N2 1) oWT (N24 1)
80 CONTINUE
© IF(1)90e140,110
90 K=2
60 TO 120
110 K=}
120 Le=L]+K
Li=L1+1
00 130 KsL1l,L2
130 WRITE(69200)K,QD(Ks1) sAR(K 1)+ WT(Ky1)
140 WRITE(6+300) -

100 FORMAT (/" TIME STEP "ys13/1Xe119(1n=)/" J DISCHARGE
1REA TeWIOTH J O1SCHARGE AREA TeWIOTH J
201SCHARGE AREA TeWIDTHH/IXe119(1H")s//)

200 FORMAT(3(IS,F14.492F10e451X))
300 FORMAT(IXe119(1H=}///77)

MUSK3370
MUSK3380
MUSK3390
MUSK3400
MUSK3410
MUSK3420
MUSK3430
MUSK3440
MUSK3450
MUSK3460
MUSK3470
AMUSK3480
MUSK3490
MUSK3500
MUSK3510
MUSK3520

400 FORMAT (/% TIME STEP "aI3,65Xs"CALENDAR TIME™2X91229"/"¢12,29"MUSK3530

1719 124293X912.29" 3191242938, 12.2/1K9119(1He) /0 J DISCHARGEMUSK 3540
1 AREA TewIDTH J DISCHARGE AREA TewlDTH. JMUSK 3550
2 DISCHARGE AREA ToWIDTH"/1X9119 (k=) //) MUSK3560
RETURN MUSK3570

END

MUSK 3580
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MUSK3590

SUBROUTINE PRIX(N) MUSK3600
COMMON/A/Z QD(10192) 9AR(10142)9WT (10192} MUSK3610
COMMON/C/ ST(101),A2(101),82(101) MUSK3620
COMMON/P/ TINDL+ INDSs INDPs INDC MUSK3630
COMMON/Q/ JReJPyNToNLsDTosDTSoNLIsNN9NTP MUSK3640
COMMON/S/ YEARsMONTHsDAY s HOURIMIN9SEC IHOUR IMIN, ISEC MUSK3650
INTEGER YEAR9MONTHsDAY MUSK3660
REAL MIN MUSK3670

IF (INDC«NE.1)GO TO 10 MUSK 3680
WRITE(69400)NyYEAR¢MONTH9s DAY IHOURs IMINy ISEC MUSK3690

60 TO 20 MUSK3700

10 WRITE(69100)N MUSK3710
20 IF(JP/2%2=UP) 30,4040 MUSK3720
30 I=0 MUSK3730
L2=JP/2+1 MUSK3740

GO TO 50 MUSK3750

40 I=1 MUSK3760
L2=sJr/s2 MUSK3770

50 L1=JP/2 MUSK3780
00 60 J=lsL) MUSK3790
NlsL2+d MUSK3800
WRITE(69200)J,Q0(Js1) sAR(J91) 9sWT(Us1) 9ST(U)sN1+QD(N1s1) 9 ARINLy1) 9 WMUSK3B10
1T(Nl9s1)9STIND) MUSK3820

60 CONTINUE MUSK3830
IF(I)70+70480 MUSK3840

70 WRITE(6+200)L2+QD(L201) 9AR(L2+1) sWT{LRs1)9ST(L2) MUSK 3850
80 WRITE(6+300) MUSK3860
100 FORMAT (4(/) g4XonTIME STEP ="I3/4Xs117(1H=)/2Xy2(" J DISCHARMUSK3870
1GE AREA TOP WIDTH STAGE "M /74X 11T (QH=)/7) MUSK3880
200 FORMAT (2X92(IS592X92F12e49F13.69F14s892X)) MUSK3890
300 FORMAT (4Xe117(1H=)) MUSK3900
400 FORMAT (/" TIME STEP MyI3,65Xs"CALENDAR TIME"2X9»12429"/"s12424'"MUSK3910
1/19124293XK912,29"2"912029M:191242/78XK9117(1A=)/2XKe2(" J DISCMUSK3920
1HARGE AREA TOP WIDTH STAGE ") /76Xe11T(1H=)9//) MUSK3930
RETURN MUSK3940

END . MUSK3950
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