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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 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 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 e, 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. In 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. 
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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: 
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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 lateral 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.) 
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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 given 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 

(lb-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: ILLUSTRATIVE 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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''''/''''1''''/''''2''''/''''3''''/''''4''''/''''5''''/''''6''''/''''7''''/''''B 

UNSTEADY FLOU IN OPEN CHANNELS: PROGRAM DYNA/ EXAMPLE A A 

JUNE 16-20, 1980 B 

01010000 c 
10 48 4 6.000 0.60 0.0001 0.080 616 12. o.o 0.0 0 

4 
100. 105. 100. tOO. 300. 100. 300. 105. 

4 
100. 104. 100. 99.0 300. 99.0 300. 104. 

4 
100. 103. 100. 98.0 300. 98.0 300. 103. 

4 
100. 102. 100. 97.0 300. 97.0 300. 102. 

4 
100. 101. 100. 96.0 300. 96.0 300. 101. 

4 
100. 100. 100. 95.0 300. 95.0 300. 100. E 

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. 96.0 100. 91.0 300. 91.0 300. 96.0 
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 H 
0.02374 0.02374 0.02374 
91.6886 200.0 1.45 0.20 I 

213.63 253.59 317.157 400. 496.472 600. 703.528 BOO. 
882.843 946.410 986.370 1000. 986.370 946.410 882.843 800. 
703.527 600. 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 0 

3 7 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 a 
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. 

''''/''''1''''/''''2''''/''''3''''/''''4''''/''''5''''/''''6''''/''''7''''/''''8 

Fig. 1 Program DYNA, Example A: Input 
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~'''/''''1''''/''''2''''/''''3''''/''''4''''/''''5''''/''''6''''/'''~7''''1''''9 

I 
A UNSTEADY FLOU IN OPEN CHANNELS: PROGRAM DYNA/ EXAMPLE B 

JUNE 16-20, 1980 .J!.. 
10001110 c -10 48 4 6.0 0.60 0.0001 5000.0 D 

89.5414 0.0218 179.0828 0.0218 200.0000 o.oooo 0.0237 10000. 
89.5496 0.0221 179.0828 0.0218 200.0000 o.oooo 0.0237 10000. 
87.5590 0.0223 179.0828 0.0219 200 .. 0000 0.0000 0.0237 10000. 
86.5665 0 .. 0225 179.0828 0.0218 200 .. 0000 0.0000 0.0237 10000. 
85.5752 0.0229 179.0828 0.0218 200.0000 o.oooo 0.0237 10000. 
84.5840 0 .. 0230 179.0828 0.0218 200.0000 o.oooo 0.0237 10000. J 

83.5931 0.0232 179.0828 0.0218 200.0000 0.0000 0.0237 10000. 
82.6023 0.0234 179.0828 0.0218 200.0000 o.oooo 0.0237 10000. 
81.6117 0.0237 179.0828 0.0219 200.0000 o.oooo 0.0237 10000. 
80.6213 0.0239 179.0929 0.0219 200.0000 0.0000 0.0237 10000. 
79.6311 0.0242 179.0828 0.0218 200.0000 0.0000 0.023? 10000. 
200. 337.716 200. 337.716 200. 337.716 200. 337.716 
200. 337.716 200. 337.716 200. 337.716 200. 337.716 K 

200. 337.716 200. 337.716 200. 337.716 
213 .. 63 253 .. 59 317.157 400. 496.472 600. 703.528 800. 
882 .. 843 946.410 986.370 1000. 986.370 946.410 882.843 800. 
703.527 600. 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. 

I 
,,,,,,,,,1''''/''''2''''/''''3'' '4''''/''''5''''/''''6''''/''~'7''''/''''8 

Fig. 2 Program DYNA, Example B: Input 
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UNSTEADY FLOU IN OPEN CHANNELS: PROGRAM DYNA/ EXAMPLE C 
JUNE 16-20, 1980 
01100010 

10 96 8 
200. 337.716 
0.0237 10000. 
1000. 200. 

I 
! 
i 

6.0 
200. 
1.45 
72.0 

0.60 
100. 
0.20 

0.0001 
179.0828 

5000.080 616 12. 0.0 o.o 
0.0218 200.0000 0.0000 

A 

B 

I 
D -
L 

'"N 

''''/''''1''''/''''2''''/''''3''''/''''4''''/''''5''''/''''6''''/''''7''''/''''8 

Fig. 3 Program DYNA, Example C: Input 



4 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

OYNA·•-•FLOOD ~OUTI~G wiT~ A OY~A~lC -~~E MO)EL 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

U~~TF.AOY FLOW IN OPEN C~ANNELS: PROGRAM QYNA/ EXA~PLE A 

.JU"-E 16-20• 1980 

l~~= 0 lNOlCATOR OF DOwNSTREAM BOUNDARY TYPE 
t~c= l INDICATOR OF CALENDAR CAPABILITY 
I~n= 0 lNOICATOR OF INPUT DATA T~PE 
INL= 1 INDICATOR OF LATERAt INFLOW 
INP: 0 INDICATOR OF PLOTTED OUTPUT 
~~~= 0 INDICATOR OF TYPE OF PRINTED OUTPUT 
INS= 0 INDICATOR Of CROSS SECTIONAL INPUT 
INu: 0 INDICATOR OF SYSTEM OF UNITS 

JR c 10 REACHES 
JP = 11 C"USS SECTIO~S 
~T = 48 Tl~~ STEPS 
TST: 6.00 DAYS • TOTAL SIMULATION TI~E 

.13 DAYS • TI~E INTERVAL 
10800. SECONDS • Tl~E INTERVAL 

THE= .60 WEIGHTING FACTOR OF IMPLICIT SCHEME 
SLn= oOOOlOO NORMAL wATER SURFACE SLOPE AT DOwNSTREAM SECTllN FOR ~!NEMATIC BO~~OARY CONDITIO~ 

H Y 0 R A U L I C A N D C R 0 S S S E C T I 0 N A L ~ R 0 P E R T I E S 

--------------------------------------------------------------------------------------------------------------------J XA KB Al 81 A2 82 )("4 I))( ,J 

-------~------------------------------------------------------------------------------------------------------------
1 89.5414 .0218 179.0828 .0218 zoo.oooo .ooou .oz37 toooo. 1 
;> !:18.5496 .0221 179.0828 .0218 zoo.oooo .oooo .o2l7 toooo. 2 
1 IH • 55MO .0223 179.0828 o0218 200.0000 .oooo .0237 100oo. 3 
4 1:16.5665 .0225 179.0828 .0218 zoo.oooo .oooo • o237 toooo • 4 

" !:i5o5152 .0227 179.01328 o0218 zoo.oooo .oooo .o237 100oo. c; 
;.. 84.5840 .0230 179.0828 .0218 zoo.oooo • oooo .o237 toooo • 6 
7 83.5931 .0232 179.0828 o02Hl 200.0000 .oooo o0237 10000. 7 
f! ~2.6023 .0234 179.()828 o0218 zoo.oooo .oooo • 0237 100oo • A 
Q 81.6117 .0237 179.0828 o0218 zoo.oooo .oooo • 0237 toooo • 9 

lt) !;0.~213 .0239 179.0828 ·0218 2oo.oooo .oooo .o237 10000• 10 
ll 79.,.,311 .0242 l79o0828 .0218 200.0000 .oooo .0237 -~ 11 

--------------------------------------------------------------------------------------------------------------------
TtMF. STEI> CALENOA~ Tl~E 8010&/1& 12:oo:oo 

----------------------------·------------------·---------------·--------·----------------------------------------------------------J DlSTA"'CE DISCHARGE AREA STAGE VE\.OCITY lll.PERlMETER fOP ~lOTH I"IYO,RAOIUS HYOoDEPTH FROU:>E N::> J 

-----------------------------------------------------------------------------------------------------------------------------------
1 o.o 
? 
3 
4 

"' 6 
7 ooooo.o 

zoo.ooo 
200.000 
200.000 
200.000 
200.000 
200.000 
zoo.ooo 

337.716 
337.716 
337.716 
337.716 
337.716 
337.716 
337.716 

Fig. 

101.6886 .5922 
100.6886 .5922 
99.6886 .5922 
98.6886 .5922 
97.6886 .5922 
96.6886 .5922 
95.6886 .5922 

4 Program DYNA, 

203.3772 200.0000 1.6605 1. 6A86 ol5 l 
203.31'72 200.0000 lo6605 lo6AB6 .1:> 2 
203.3772 200.0000 1.6605 1.1'>~86 olS 3 
203.3772 200.0000 1.6605 1.6~96 .15 4 
203.3772 200.0000 1.6605 l.!!l.q86 .15 5 
203.3772 200.0000 lo6605 lo6896 olS !') 

203.3772 200.0000 1.6605 1.6"136 .15 7 

Example A: Sample of Output 

....... 
0 
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1 n 
11 

IUVVVeV 

aoooo.o 
~oooo.o 

100000.0 

TJMF: ST-:P 

c:vv. vu1r·--.5YToflO .,,. • o·•.n:so-·- -o!J'><:z- · 
200.000 337.717 93.6886 .5922 
200.000 337.717 92,6886 .S922 
200.000 337.720 91.6886 .5922 

~ 

C:ll-'• Jl rc-·--cvv.vvv\1 .---,-.~-~~!'lD 

203.3772 200,0000 1.6605 1.~~~6 
203.3772 200.0000 1.6605 1.~~66 
203.3772 200.0000 1.6606 1.~qB6 

CALENDAR TI "'E 80106117 

- ···('"J'-----·---:.,---
.15 
o15 
.1 s 

oo:oo:oo 

9 
10 
11 

-----------------------------------------------------------------------------------------------------------------------------------J D1Sh'4CE DISCHARGE AREA STAGE VELOCITY WoPERlMETER TOP ~lOTI-! HYD,RAOIUS HYO.DEPTri I='R()U()E NO J 

-----------------------------------------------------------------------------------------------------------------------------------
1 o.o 400.000 490.384 102.5141 .8157 205.0282 200.0000 2.391~ 2o4S19 .17 1 
? 1oooo.o 339.280 445.818 101.3010 .7610 204.6020 200.0000 2.1790 2.2291 .16 2 
3 20000.0 290.942 430.063 100.2206 .6765 204.U13 200.0000 2.1036 2.1503 olS 3 
4 30000.0 301.094 420.894 99.1725 • 7154 204.3451 200.0000 2.0597 2.1045 • 16 .. 
'5 40000.0 276.986 399.46'3 98.0560 o6934 204.1120 200.0000 1o 9571 1o 9973 ol6 ~ , soooo.o 251.790 391.714 97.0123 .&428 204.0247 200.0000 1.9199 1.9SB6 o15 I, 

7 bOOOO.O 238.023 424.879 96.1935 .5602 204.3871 200.0000 2.0788 2.1244 o12 ., 
~ 70000.0 320.896 442.170 95.2825 .7257 204.5653 200.0000 2.1615 2.2109 o16 1'1 
Q 80000.0 307.934 428.105 94.2103 • 7193 204.4209 200.0000 2.0942 2o1405 o16 ~ 

1 I' 90000.0 2A5.761 411o093 93.1198 .6951 20it.2399 200.0000 2.012!1 2.oc;ss olS 1i.l 
11 lUOOOO.O 269.179 405.669 92.0902 .6635 204.1807 200.0000 1o986A 2.0293 .15 11 

TIMF STEP ij CALEIIIOAQ Tl"1E 90106/17 12100:00 

-----------------------------------------------------------------------------------------------------------------------------------.) DISTANCE UISCI-iARGE AREA STAGE IIELOCITY ~.PERIMETER TOP ~IOTrl 1-iYD.RADIUS HYOoO::PTH FROU:>E NJ .J 

-----------------------------------------------------------------------------------------------------------------------------------
1 0.() soo.ooo 762.275 103.5064 1o0495 207.0129 200.0000 3.6823 3. 9114 o17 1 
2 1oooo.o 743.156 727.425 102.4008 1.0216 206.80h 200.0000 3.5175 3. 6371 .17 2 
3 20000.0 680.954 704.755 101.3293 o9662 206.6595 200.0000 3.4102 3o523B o16 j 
4 Joooo.o 663.872 674.588 100.2~06 o9R41 206.4611 200.0000 3.2674 3.3729 .17 ~ 

"' 40000.0 594.508 628.468 99.0711 o9460 206,1421 200.0000 3.0487 3ol423 .17 ~ 
fo, soooo.o 522.842 583,502 97.9041 o8960 205.8081 200.0000 2.8352 2.9175 .17 "' 7 60000.0 456.952 578.456 96.8845 o7900 205.7691 200.0000 2.8112 2o9923 • 15 7 
A 70000.0 499.366 569.133 95.8480 .8774 l05.6961 200.0000 2.7669 2o9457 ol7 
Q soooo.o 451.512 536.651 94.7161 .8414 20S.It323 200.0000 2.6123 2o61'133 .16 ~ 

10 90000.0 411.528 509.392 93.5991 o8079 205.1985 200.0000 2.4824 2o5470 o16 lll 
11 100000.0 378.012 499.491 92.5551 o7568 205.1106 200.0000 2.4352 2o4975 ol5 ll 

---------------------------------------------------------------------------··------------------------------------------------------

TJMF: STEP 12 C~LENOAQ Tl~E 80/0b/18 oo:oo:oo 

-----------------------------------------------------------------------------------------------------------------------------------J UlSTANCE l.)lSCHARGE AREA STAGE VELOCITY We PERIMETER TOP ~lOTH 1'4Y0,RA01US rlYOoOEPTri FROU~E NJ J 

Fig. 4 (continued) 

1--' 
1--' 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
DYNA••••FLOOO ROUTl~G wiTrl A OY~A~lC wA~E ~OOEL 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

UNSTEADY fLOw IN OPEN CrlANNELSZ PROGRAM OYNA/ EKAMPLE d 

JUNE 16•20• 1980 

~~~= 1 INDICATOR OF OOwNSf~EAM BOUNDARY TYPE 
INC= 0 lNOlCATOR Of CALENDAR CAPABILITY 
l~O= d lNOlCATOR OF INPUT DATA T~PE 
t~L= 0 iNDICATOR OF LATERAL INFLOW 
INP: 1 lNOlCATOR OF PLOTTED OUTPUT 
INR= 1 lNOICATOR OF TYPE OF PRINTED OUTPUT 
INS= 1 lNOlCATOR OF CROSS SECTIONAL INPUT 
INU= 0 INDICATOR OF SYSTEM OF UNITS 

JR : 10 REACHES 
JP = 11 CROSS SECTIONS 
NT = 48 TI~E STEPS 
TST: 6o00 DAYS - TOTA~ SIMULATION TIME 
OTU: ol3 DAYS - TIME INTERVAL 
OT : 10800. SECONDS • TIME INTERVAL 
THE= o60 WEIGHTING FACTOR OF IMPLICIT SCHEME 
S~n= oOOOlOO NO~MAL wATER SURFACE SLOPE AT OOwNSTREA~ SECTIJN FOR KINEMATIC ~Ov~OARY CONOlfiO~ 

H Y D R A U L I C A N 0 C R 0 S S S E C T I 0 N A L P R 0 P E R T I E S 

------------------·--------------------------------------------------------·----------------------------·--·--------,J XA xa A1 81 A2 92 KN l)x J 

·------------------------------------------------------------------·------------------------·-----------------------
1 89.5H4 .0218 119.0628 .0218 zoo.oooo o.oooo • 0237 100oo • 1 
? 88.5496 o0221 179.0828 o0218 zoo.oooo o.oooo .o237 toooo. 2 
3 87.5580 .0223 179.0828 .0218 zoo.oooo o.oooo .o237 toooo. 3 
4 86.5665 .0225 179.0828 o02ltS zoo.oooo o.oooo od237 touoo. 4 ., 85.57'52 .0227 179.0828 .0218 zoo.oooo o.oooo o0237 1oooo • 5 
~ 84.5840 .0230 179.0828 .0218 2oo.oooo o.oooo .0237 100oo. 6 
1 83.5931 .0232 179.0828 .0218 200.0000 o.oooo .o237 toooo. 7 
13 82.6023 .0234 179.0828 .0218 zoo.oooo o.oooo .0237 toooo. 8 
9 8I.flll7 .0237 179.0828 o0218 zoo.oooo o.oooo .o237 1oooo. 9 

10 80.6213 .0239 179.0828 ·0218 zoo.oooo o.oooo .o237 toooo. 10 
ll 79.6311 .0242 179.()828 o0218 zoo.oooo o.oooo .o237 lOOOOo 11 

-----------------------·---------------------------------------------------·-----------------·----------------------
Tl~F.: STEP 

---------------------------------------------------------------------------·-------------------------------------------J DISCHARGE ARJ:'j\ STAGE J OISC~o!ARGE AREA STAGE J DISCHARGE AREA STAGE 

---------------------------------------------------------------·-----------·-----·-------------------------·-·---------
1 
?, 

3 
4 

s 

zoo.oooo 
zoo.oooo 
200.0000 
200.0000 
200.0000 

337.7160 
337.7160 
337.7160 
337.7160 
337.7160 

101.6591 
100.70A8 
99,6971 
98,6830 
97.6666 

6 
7 
8 

zoo.oooo 
200.0000 
zoo.oooo 

337.7160 
337.7160 
337.7160 

96.7041 
95.6926 
94.6586 

9 
10 
ll 

zoo.oooo 
zoo.oooo 
?.00.0000 

337.711'10 
337.7160 
337.7160 

93.6~69 
92.6579 
91.~79A 

-----------------------------------------------------------------------------------------------------------------------
Fig. 5 Program DYNA, Example B: Sample of Output 

...... 
N 



TIME STEP 4 

-----------------------------------------------------------------------------------------------------------------------J DISCHARGE A~EA STAGE J DISCHARGE A~EA STAGE J DISCHARGE A~EA STAGE 

-----------------------------------------------------------------------------------------------------------·-----------
1 
2 
3 
4 
5 

400.000~ 
339.5924 
288.0708 
251.6169 
228.8204 

497.0843 
442.2626 
402.4426 
374.9066 
361.7675 

102.5194 
101.3109 
100.0877 

98 .. 9152 
97.8192 

6 
7 
8 

215.4466 
206.1979 
204.2441 

346.2029 
341.2956 
342.5082 

96.7593 
95.7060 
94.6899 

9 
10 
11 

201.7914 
200.4924 
200.7208 

337.0580 
340.0428 
338.43!J7 

93.6826 
92.6730 
9la6S4S 

---------------------------------------------------------------------------·-------------------------------------------

TIM€ STEP 1:S 

-----------------------------------------------------------------------------------------------------------------------J DISCHARGE ARF.:A STAGE J DISCHARGE A~EA STAGE J DISCHARGE A~EA STAGE 

--------------------------------------------------------------------------------------------------------··-------------
1 
2 
3 
4 
s 

aoo.oooo 
743.1131 
680.8760 
613.0089 
539.4408 

773.2719 
723.1073 
682.3695 
636.6277 
595.8860 

103.5117 
102.4177 
101.2732 
100.1007 
98.9337 

6 
7 
8 

463.4402 
391.0764 
330.0818 

532.8558 
H9.9379 
440.4387 

97.7238 
96.4659 
95.2487 

9 
10 
11 

283.4947 
251.7853 
229.2041 

398.6Q47 
379.0669 
366.8~84 

94.0562 
92.9140 
91.8638 

------------------------------------------------------------------------------·-·--------------------------------------

TIME STEP 12 

---------------------------------------------------------------------------··--------·---------------------------------.J DISCHARGE AREA STAGE J DISCHARGE UEA STAGE J DtSCH4KGE A~EA STAGE 

-----------------------------------------------------------------------------------------------·-----------------------
1 
2 
3 
4 
5 

1000.0000 
990.8596 
974.9460 
951.9039 
921.0953 

904.7885 
880.0570 
868.4184 
853.8318 
846.9370 

103.8668 
102.8633 
101.8192 
100.7641 
99,7264 

6 
7 
8 

882.7426 
836.3793 
780,6478 

807.5275 
778.1631 
154.0657 

98,6627 
97.5536 
96,4547 

9 
10 
ll 

716.1213 
641.7489 
557.3054 

69Q,402l 
660.6761 
627a7A96 

95.3175 
94.1559 
93.0657 

-----------------------------------------------·------------··-------------·-------------------------------------------

TIME STEP 16 

-----------------------------------------------------------------------------------------------------------------------J DISCHARGE AREA STAGE J OISC!o!ARGE AREA STAGE J DISCHARGE AQE4 STAGE 

----------------------------------------------------------------------------------------·----------·---------------·---
Fig. 5 (continued) 

..., 
w 
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••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
OYNA••••Ft.OOO ROUT hG wiTI't 4 0\'NA"t·IC wA~E MOOEL 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

U~STEAOY FLOw IN O~EN C~ANNELS: PROGRAM OYNA/ EXA~Pt.t C 

JUNE 16-20• 1980 

JNR: 0 INDICATOR Of OO~NSTREAM BOUNOARY TYPE 
INC: 1 lNOICATOR OF CALENDAR CAPAHlLITY 
INO= 1 lNO!CATOR OF INPUT OATA TYPE 
I~L= 0 lNOlCATOR OF LATERAL INFLOw 
INP: 0 lNOICATOR OF P!.OTTEO OUTPUT 
INR: 0 INDICATOR OF TYPE OF PRINTED OUTPUT 
INS= l INDICATOR OF CROSS SECTIONAL INPUT 
INu: 0 INDICATOR OF SYSTE~ OF UNITS 

J~ • 10 REACHES 
JP : ll C~OSS SECTlONS 
~~ : 96 Tl~~ STEPS 
TST= 6.00 DAYS - TOTAL SIMULATION Tl~E 
DTU= o06 OAVS • Tl~E INTERVAL 
DT : 54UO. SECONDS • TI~E INTERVAL 
THE= .60 WEIGHTING FACTOR OF IMPLICIT SCHEME 
SLO= •000100 NORMAL wATER SURFACE SLOPE AT OOwNSTREA~ SECTION FOR KINEMATIC ~OU~OARY CONDITION 

H Y 0 R A U L I C A ~ 0 C R 0 S S S E C f I 0 N A L ~ Q 0 P E R T I E S 

-----------·-----------------------------------·----------------------------------------------·---------·-----------J XA xa Al 81 A2 82 XN• Dx J 

·----------------------------------------------·--------------------------·----------------·----·---·---------------
l 89.5414 .0218 171hOA28 .0218 200.0000 o.oooo • o237 100oo • 1 
:? 88.5496 .0221 119.0828 ·0218 200.0000 o.oooo .o237 toooo. 2 
1 til.SSBO .0223 179.0828 .0218 zoo.oooo o.oooo .o237 10000· 3 
4 86.5665 .0225 179.0828 .0218 2oo.oooo o.oooo .o237 toooo. 4 
c; 85.5752 .0227 179.0R28 o02113 zoo.oooo o.oooo .o237 toooo. 5 , 84.5840 .0230 179.0828 .0218 zoo.oooo o.oooo .0237 toooo. 6 
1 83.5931 .0232 119.01328 o0218 ioo.oooo o.oooo .o237 100oo. 7 
8 82.6023 .0234 179.0828 .02ltt ioo.oooo o.oooo .o237 toooo. 8 
9 81.6117 .0237 179.0628 o02ltt zoo.oooo o.oooo •. 0237 100oo. 9 

10 80.6213 .0239 179.0628 o0218 zoo.oooo o.oooo .o2J7 toooo. 10 
11 79.6311 .0242 179.0828 o0218 200.0000 o.oooo .o237 uooo. 11 

-----------------------------------------------------·--------------------------------------·-----------------------
TlME STEP CALENOAq Tl~E 80/06/16 12:oo:oo 

-----------------------------------------·---··------------···------------·····-----~-·----------------··-··----------·-···-------M .J DISTANCE DISCI'iARGE AREA STAGE VE!.OClTY w.PERlMETER fOP wiDTH i'IYO,RAO!uS l'tyQ,OEPTH F'R(.HJ)E NJ J 

--------------------------------------------------------~---·-----------·--------·---------··----------------------------···-------
1 sooo.o 200.000 337 o1l6 101.6824 .5922 203.3182 200.0000 1,6610 1.~886 ·15 1 
2 15000.0 zoo.ooo 337.716 100.6824 .5922 203.3182 200.0000 1.6610 1.&896 olS 2 
3 25000.0 200.000 337.716 99.6824 .s922 203.3182 zoo.oooo 1.6610 lo6'lB6 olS 3 
4 35000.0 200.000 337.716 98.6824 .5'122 203.3182 200.0000 1.6610 lo6AB6 .ts 4 
s 45000.0 200.000 337.716 97.6824 ,5922 203.3182 200.0000 l. 6610 lo&>!86 .15 5 
It 55000.0 zoo.ooo 337.716 96.6824 .5922 203.3182 200.0000 1.6610 lob'l86 olS ,.., 
7 6c:;onn.o 200.000 337.716 95.6824 .5922 203.3U2 zoo.oooo },6610 lo6RB6 olS 1 

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

.... 
V1 



q 

10 
11 

!;SOOO.O 
95000.0 

1115000.0 

.,_,..,, ___ .. ..,.._._.._ .. _.,.,_ ., .. , 
200.000 337.716 
200.000 337.716 
zoo.voo 337.716 

93.6824 
92.6825 
91.6825 

.5922 

.5922 

.5922 

203. Jl q2-·- ---2oo. oooo 
203.)182 zoo.oooo 
203.3182 zoo.oooo 

1. 6610 
1.6610 
1.6610 

l.EP186 
lo6H81'> 
1.6686 

•lS 
olS 
olS 

~ 

10 
ll 

-----------------------------------------------~--------------------------------------------·------------------------------------·-

TIME STEP 8 CALENOA~ Tl'1E 90/06/17 00&00:00 

-----------------------------------------------------------------------------------------------------------------------------------,J DISTANCE OISCHARGE AREA STAGE \IELOCITY w.PERIMETER fOP· «lOTH HYO.RAOIIJS HYO.OEPfH FROIJ:>E NJ ,J 

---------------------------------------------·-·--------------------------···-·------------------------------·------------~--------
1 5000.0 400.000 488.663 102.5062 oA186 204.9624 200.0000 2.3842 2.4433 .17 1 
2 15000.0 339.818 442.607 101.2848 .7678 204.5206 200.00(10 2.1641 2.2130 .16 2 
3 4:!5000.0 288.396 ~oz.as6 100.0750 • 7158 204.1018 zoo.oooo 1.9739 2.1}144 .16 3 
4 Jsooo.o 250.~13 373.750 98.9078 .6695 203.7681 200.0000 1.9342 1. 6to;S7 .u, 4 
5 45000.0 225,701 355.588 97.7970 .6347 203.5469 200.0000 1. H70 1. 7779 olS ';) 

6 ssooo.o 2ll.ts58 345.710 96.7344 .6128 203.4219 zoo.oooo le6995 lo72SS .15 e 
7 bSOOO.O 204.878 340.936 95.7035 .6009 203.3603 200,0000 lo6765 1. 70H elS 7 
A 75ooo.o 201.145 338.878 94.6901 o59S3 203.3334 200.0000 1o6666 1.&944 .15 ~ 
Q ts5ooo.o 200.495 :ne.o9o 93.6849 ,c;Q30 203.3231 200.0000 1.6628 1.!1905 ·l s <; 

lli 'JSOoo.o 200.063 337.807 92.6831 .5922 203.3194 200.0000 1.6615 l.6A90 .15 10 
11 lUSOOO.o 199.918 337.632 91.6819 .5921 203.3171 200.0000 1.6606 1.6882 .15 11 

TJMf STEP 16 CAI..ENOA~ Tl'4E 80/06/11 12100100 

---------------------------------------·-·----------·----------------------·-------------------------------·---------------~-------,J OlSTANCE OISCH.RGE AREA STAGE \IEL.OCIT't !III,PER114ETER JOP llllOTH HYO,RAOluS HYO.OEPTti FROIJ:>E NJ J 

---------------------·-------------------------------------------------------------------------------------------------------------
1 sooo.o soo.ooo 761.178 103.5032 1.0510 206.9523 200.0000 3.6780 3.SOS9 .17 1 
2 1sooo.o 743.ol9 725.009 10?.3932 1.0?57 206,7328 200,0000 3,5070 3.5250 .17 2 
3 25000.0 6EH.234 684.079 101.2621 .9958 206.4711 zoo.oooo 3.3132 3.4204 .n 3 
4 350oo.o 613.100 638.273 100.1059 .9606 206.1593 zoo.oooo 3.0960 3.1914 .17 4 
s 45000.0 540.263 587.981 9Re9213 .9188 205.790!\ 200.0000 2.8572 2.~399 ·17 ., , 55000.0 465.145 534.659 97.7077 .8700 205.3648 200.0000 2.6035 2.6733 .17 ., 
7 osooo.o 392.381 4fU.569 96.4734 .8148 2114.9911 200.0000 2.3503 2.4078 .17 7 
A rsooo.o 328.6"57 433.970 95.2407 .7573 204.4328 200.0000 2.1228 2.11'>99 olb >l 
9 ts5ooo.o 279.554 396.927 94.0417 .7043 204.0355 200.0000 1.9454 1.9846 .16 Q 

10 95000.0 246.185 371.298 92.8931 .6630 203.7388 200.0000 1.8224 l.S565 .16 10 
11 lUSOOO.O 223.41'>4 361.317 91.8325 .6185 203.6178 200.0000 1. 7h5 1.8066 .15 11 

--~------------------------------------------------------------------~-----·-----------------------------------------------------·-

TIM~ STEP 24 CALENOA~ Tl~£ 90/06/18 oo:oo:oo 

-·-------------------------------------------------------------------------···-----------------------------------------------------J iJlS TIINCE I>ISCHARGE AREA STAGE .VEL.:lCIT't w.PERl.,.ETER JOP «IOTti H'f'O.RAOIUS HYOoOEPfli FROIJ)E l'il ,J 

------------------------------------------------------------------------------------------------------------ " 

Fig. 6 (continued) 

...... 
0\ 
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5. LIST OF SUBSCRIPTED VARIABLES 

A Flow area 

Al Coefficient a
1 

in wetted perimeter-area (p = a
1

Ab 1 ) 

A2 Coefficient a
2 

in top width-area (w = a
2

Ab2 ) 

Bl Exponent b
1 

in wetted perimeterarea (p = a
1

Ab 1 ) 

B2 Exponent b
2 

in top width-area (w = a
2

Ab 2 ) 

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 



Q 

QI 

QLI 

RA 

RR 

SF 

THEG 

TXA 

TXB 

TXC 

TXD 

TXE 

VE 

WD 

XA 

XB 

XC 

XD 

XN 

XX 

xz 

y 

18 

Discharge 

Inflow discharge 

Lateral inflow 

Hydraulic radius 

Range 

Friction slope 

Auxiliary variable 

Auxiliary variable 

Auxiliary variable 

Auxiliary variable 

Auxiliary variable 

Auxiliary variable 

Mean velocity 

Top width 

b Coefficient a in stage-area (y = aA ) 

b Exponent b in stage-area (y = aA ) 

Auxiliary variable 

Auxiliary variable 

Manning's n 

Abscissa of cross-section 

Ordinate of cross-section 

Stage 
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6. PROGRAM LISTING 

c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c• • 
c• • 
C* 0 Y N A * 
c• • 
c• • 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c• • 
C*****DEVE~OPE6 E~GINEERING RESEARCH CENTER, CO~ORAOO STATE • 
C* UNIVERSITYt FO~T CDLLl~St CO~O~AOO 80523. * 
C* * 
C*****DESCRIPTION DYNA IS A GENERALIZED CO~P~TER PROGRAM FO~ THE * 
C* COMP~TATION OF UNSTEA01 F~Ow I~ OPEN C~A~NE~S USING * 
C* THE DYNAMIC wAVE MODE~. * 
c• * 
C*****CORE USAGE MAXIMUM NUMBER OF REAC~ES= 100 • 
C* MAXIMUM NU~8E~ OF TIME STEPS= 500 * 
C* CENTRA~ MEMORY qEQUIRE~E~TS= 120000 OCTA~. * 
C* * 
C*****VERSION M~lt MAY 1980. * 
C* * 
C*****DISCLAIMER THIS PROGRAM IS ACCEPTED AND USED BY T~E ~ECIPIE~T • 
C* UPON THE EXPRESS UNDER5TANDING T~AT THE OE~ELOPERS * 
C* MA~E NO wARRA~TIESt EX~RESSED OR IMPL~EOt CONCE~~ING * 
C* THE ACCURACYt COMPLETE~ESSt RE~IABILITY OR SUITAai~ITY * 
C* FOR ANY ONE PA~TICULA~ PJRPOSE, AND THAT T~E DEVELOPERS * 
C* SHALL BE U~DE~ NO ~lABILITY TO ANY PERSO~ BY REASON * 
C* OF ANY USE MADE THEREOF~ • 
c• • 
C*****SUBROUTINES NAME DESCRIPTION * 
c• • 
C* ARPE HYDRAULIC VARIAd~ES AT A CROSS•SECTION * 
C* BACK. BAC~wATE~ CURVE * 
C* BOUN OO~NSTREAM BOUNDARY CO~DITIONS * 
C* CALE CALENDAR TIME * 
C* COEF MATRIX CDEFFICIE~TS * 
C* COEL ~ATERA~ I~F~O~ o 
C* COME HYDRA~LIC CHARACTERISTICS AT A C~OSS•SECTION * 
C* COMP AUXILIARY COMPUrATlON * 
C* COOR READS X•Z COOROl~ATES OF CROSS•SECTIONS * 
C* DOUB OOUB~E SwEEP ALGORITHM * 
C* HEAD INPUT A~O AUXILIAR1 CALCULATIO~ * 
C* HYCO HYPOTHETICAL CONOITIONS * 
C* I~CO INITIA~ CONOITIO~S * 
C* PLOT PLOTS OJTPUT * 
C* PRIC PRINTS C~OSS•SECTIONAL PROPERTIES • 
C* PRIN PRINTS OJTPUT IN REOJCEO FORM * 
C* PRIX PRINTS EXTENDED JUJPJT * 
C* QTIM READS I~FLD~ HYO~OGRAPH AND LATERAL INFLO- DATA * 
C* REGR LEAST S~JARE REG~ESSION * 
C* RELO VARIABLE RELOCATIO~ IN TIME * 
C* VACE AUXILIA~Y FOR BACK•ATER CO~PUTATIO~S * 
C* VACO AUXILIA~Y HYDRA~~~C VARIAB~E COMP~TATION * 
c• * 
C*****lNDICATORS FOR PROGRAM CAPAaiLITIES • 
c• • 
C* NAME DESCRIPTION * 
c• • 
C* INB OOwNSTREA~ BOUNOA~Y TYPE • 
C* 0= ~I~EMATIC wAvE BO~NDAQY CON~ITlO~ * 



c• 
c• INC 
C* 
C* 
c• 
C* 
C* 
C* INL 
C* 
C* 
c• 
C* 
C* 
C* 
c• 
C* 
C* INS 
c• 
C* 
c• 
C* INU 
c• 
c• 

20 

1= DIFFUSIVE •lvE BOUNDARY CON~ITION 
CA~ENDAR TI~E CA~A31~ITY 

O• NO CALENDAR TIME 
1• CALENDAR TilliE 

INPUT DATA TYPE 
O• REA!.. CASE• ~ATURA!..t CHANNELl 
1• HYPOTHETICAL! CASE•· PRISMATIC CHANNEL 

LATERAL 1!\IFL.OW o;,no'"l 
O• NO LATERAL INFLO~ OPTION 
1• LATERAL INF!.O« OPTION 

P~OTTEO OUTPUT CAPABILITY 
O• NO PLOTTED OUTPUT OPTION 
1• PLOTTED OUTPUT OPTION 

PRINTED OUTPUT CAPABILITY 
O• EXTENDED PRINTED OUTPUT 
1• REDUCED PRl~TED OUTPUT 

CROSS•SECTIONAL DATA INPUT 
O• INPUT OF CROSS•SECTIO~AL X•Z COOROINATES 
1• INPUT OF CRJSS•SECTIONAL HYDRAULIC 

CHARACTERISTICS 
SYSTE"' OF UNITS 

O• s.t. UNITS (METRIC> 
1• u.s. CUSTOMARY lLB•FT•SEC) 

• • 
• 
* 
* 
* • 
* • 
• 
• 
• 
* • 
* • • 

C* 
C*****INPUT OESCRIPTION 

* 
* 
* 
* 
* 
* 
* 
* 
* C* 

C* 
c• 
C* 
C* 
C* 
c• 
c• 
c• 
c• 
C* 
C* 
c• 
C* 
c• 
'C• 
c• 
c• 
c• 
C* 
C* 
c• 
c• 
C* 
c• 
C* 
C* 
c• 
c• 
c• 
C* 
C* 
C* 
C* 
C* 

CARD NUMBER 

A 

B 

c 
D 

E 

G 

H 

J 

NP/4 

JR/8 

JP/8 

JP 

DESCRIPTION 

NAME OF RUN 

DATE OF RUN 

INPUT OF INDICATORS 

INPUT OF OISCRETIZATIO~· DATA 
(JFtiNC.EQ.O) NO NEED TO ENTER 
HOUR, MINt SEC) 
JlhNTtNTP 
TSTtTHEtSLOtRN 
YEARtMONTHtDAY 
HOURtMINtSEC 

YEARt MONTHt DAYt 

FORMAT * 
40A2 

40A2 

8011 

* • 
* 
* 
* 
* 
* 
* 
* 
* • 315 

•no.o • 
312 * 
3Fs.o * 

* CIFCINS.EQ.O) REAO CAR)S E AND Ft JP TIMES)lNOTE JP•JR+1) • 
* NuMBER OF POINTS DESCRIBING A CROSS SECTION 

ABSCISSAS AND ORDINATES DF CROSS SECTION POINTS 

(JFCINS.EQ.O) READ CARlS GtHtAND lJ 

REACH LENGTH 

MANNING N 

INITIAl VALUES FOR 8AC<w-T£R CO~PUTATlO~ 

(JrtlNS.EQ.l A~O IND.El~O) READ CARD J) 

HYDRAULIC AND CROSS•SECTIONAL CHARACTE~ISTICS 

110 • 
• 
* • 
* 
* BF"lo.o • 
* sno.o • 
• 

sno.o • 
• • 
* ano.o • 
• 



c• 
c• 
c• 
c• 
c• 
C* 
c• 
c• 
c• 
c• 
c• 
C* 
C* 
C* 
c• 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 

I( 

L 

N 

0 

p 

Q 

JP/4 

z 

NT/8 

1 

NL/8 

21 

CIFCINS.EQ.l A~D IND.E~.Ol READ CARD Kl 

INITIAL CO~DITIONS 

(!FCINS.EQ.l AND INO.El.ll READ CARD Ll 

INPUT OF REFERENCE VALJES FOR HYPOTHETICAL PROBLEM 

UPSTREAM INFLO~ DISCHA~GE HYDROGRAPH 

CIFCIND.EQ.ll QEAD CA~) ~~ 

CHARACTERISTICS OF HYP)fHETICAL. INFLO~ HYD~DGRAPH 

CIFCINL..EQ.l) READ CA~~ Ol 

NUMBER OF REACHES ~ITH LATERAL I~FLO~ 

CIFCINL.EQ.l) READ CA~l P) 

REACH LOCATIO~ ~ITH LATERAL lNFLO~ 

LATERAL INFLO~ 

C*****OUTPUT DESCRIPTION 
C* 
c• 
c• 
C* 
C* 
c• 
C* 
C* 
C* 
c• 

IFtiNR.EQ.Ol CALL PRIX• EXTENDED OJlPUT 
RA~GEtDISC~A~GEtFLO~ AREAtSTAGEtMEA~ 
VEL.OClTYt_E.TEO PERI~ETE~tTOP ~IOTHt 
HYDRAULIC QAvlUStHYDRAULIC DEPfHt 
FQOUDE NUM3EQ. 

IFCINR.EQ.lJ CALL PRIN• CO~DENSED OUTPUT 
OISCHARGEtFLOW AREAtSTAGE~ 

• 
• 

sno.o • 
• 
• • 

ano.o • 
• • • 

sno.o • 
• • • ano.o • 
• 
• • 

110 • • • • 
BllO • • 

• .. 
ano.o • .. 

• • • • 
* 
• 
* 
• 
* • 
* 

C******************************************************************************* 
c 

P~OGHAH DYNA t0UTPUTtTAPE6=0UTPUTtTAPE5l 
COMMON/A/ Q(lOlltOQClOlltAClOlltOAClOlltYClOl)tQICSOll 
COMMON/8/ CAtCBClOOltCCtCDC100ltCEC100ltCF(l00ltCGClOOltCHC100l 
COMMON/C/ CPC100ltCRCl00ltCSC10lltCfC101l 
COMMON/0/ XA(l01lt~BC10l)tAlC10l)t81(10l)tAZ(101lt8ZC10ll 
CO~MON/E/ XNC10l)tOXC101)tXCC10l)tXDC101JtRRC101) 
CO~MON/F/ YEC101)tWOC10l)tHDC10l)tRAC10l),PEC10lltFRCl01J 
CO"MON/G/ XX(l0lt50)tXZ(l0ltSO) 
COMMON/HI T~EG(l0lltTXA(l0l)tTXBClOlltTXCC10lltTX0(10l)tTXE(l0l) 
CO~MON/I/ NLltKLlC8ltQLICBt501) 
CO~MON/J/ NPC10lltHVC10lltHC101JtSFCl0l) 
CO~MON/P/ INB,lNCtlNDtlNLtl~PtiNR,INS~lNJ 
CO~MON/Q/ JR•JP,NTtNTPtTSTtOTUtOT,THE~~LtSLOtR~ 
COMMON/R/ GRtTMAtCMAtALtBETtBES 
COMMON/S/ RUN(40)t0ATEC40l 
COMMON/T/ YEARtMONTHtOAYtHOU~tMINtSEC.IHOU~tiMI~tiSEC 
COMMON/UI DJR,OOR 
COMMONlY/ PLNCSOO),QPLC500ltQPLMtYPLC500ltYPLM 
CALL HEAD 

OYNA 10 
OYNA 20 
OYNA 30 
OYNA 40 
OYNA 50 
OYNA 60 
OYNA 70 
DYNA 80 
OYNA 90 
OYNA 100 
OYNA 110 
OYNA li?O 
OYNA 130 
OYNA 140 
OYNA 150 
OYNA 160 
OYNA 170 
OYNA lt:tO 
DYNA 190 
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CALL INCO OYNA zoo 
CALL PRIC OYNA 210 
IF ( INS.EQ.1) CALL VACO OYNA 220 
CALL COMP OYNA 230 
IFCINR.EQ.O)CALL PRIX(OI OYNA 240 
IFCINR.EQ.1)CALL PRIN(O) OYNA 250 
CALL QTIM OYNA 260 
QPLM=O. OYNA 270 
YPLM=O. OYNA 280 
00 10 N=1tNT OYNA 290 
IPR=MOOCNtNTP) OYNA 300 
IFCINC.EQ.1)CALL CALE lOTI OYNA 310 
CALL COEF OYNA 320 
IFCINL.EQ.1)CALL COEL(N) OYNA 330 
CALL OOUB·CN) OYNA 340 
CALL RELO(N) OYNA 350 
IFllPR.NE.O)GO TO 10 OYNA 360 
IFCINR.EQ.O)CALL PRJX(N) OYNA 370 
IFCINR.EQ.1)CALL PRIN(N) OYNA 380 

10 CONTINUE OYNA 390 
1FliNP.EQ.1) CALL PLOT CNT) OYNA 400 
STOP OYNA 410 
END OYNA 420 
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c OVN~ 430 
SUBROUTINE ARPECLltVTtARtPRt~R) OVNA 440 
DIMENSION X(50),Z150l OVN4 450 
COMMON/G/ XXI10lt50)tXZClOlt50) OVNA· 460 
CO~MON/J/ NPI10lltHVI101)tHI101)t5F(l0l) OYNA 470 
Nl=NP(Ll) OYNA 480 
DO 10 t<=1tN1 OYNA 490 
X(I():XXCLltl<l OVNA soo 

10 ZCt<l=XZCLltKl OVNA 510 
DO 40 K=ltNl OVNA 520 
IFCZCKI-VTl30,20•40 OVNA 530 

20 N=t< OYNA 540 
GO TO 50 OYNA sso 

30 N=t<-1 OYNA 560 
XCNl=CZCK-11-VT)*IXCKl-XCK-111/CZCt<-ll•ZCKl)+XCK-1) OYNA 570 
Z ('10 =YT OVNA sao 
GO TO 50 OYNA 590 

40 CO'HINUE OVIllA 600 
50 CO~TINUE OVNA 610 

DO 80 L=ltN1 OYNA 620 
t<= 11H-L+1 OVIllA 630 
IFCZCKl-VTl70,60t80 OVIllA 640 

60 M=t< OVNA 650 
GO TO 90 OVIllA 660 

70 M=K+1 OVIllA 670 
XCMl=CVT-ZCKl)*(XCK+ll-X(~))/(Z(K+ll•lCKl)+XCKl OVNA 680 
Z P1l =YT OVN4 690 
GO TO 90 OVIllA 700 

80 CO'ITINUE OYNA 710 
90 t<=~-1 OYNA 720 

AR=O. DVI\44 730 
PR=O. OYNA ho 
DO 100 L=NtK OYNA 750 
AR=AR +CC2.•ZIN)-ZCL+l)•ZCL)l/2eOl•CXC~•li•XCLll DYNA 760 

100 PR=PR +SQRTcCZCLl-ZCL+1ll**2•CXCL+ll•XCL)l**21 OYNA 170 
~R=XCMI•X(N) OYNA 780 
DO 110 K=l•Nl OYNA 790 
X(i():XXCLltiO OYNA 800 

110 ZCt<l=XZCLltKl OYNA 810 
RETURN OVIllA 820 
END OYNA 830 
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SU9ROUTINE BACK 
CO~MON/A/ Q(l0l)t00fl0l)tACl0l)t0At10l)tYC101)t01CS01) 
CO~MON/E/ XN(l0l)t0XC10l)tXC<l0l)tX0(10llt~R(l01) 
COMMON/F/ VE<101)tWD(l0l)tH,tl01),QA(l01),PE(l0l)tFR(l01) 
CO~MON/6/ XX(lOltSOltXZClOlt50> 
CO~MON/J/ NP(10l)tHVC10l)tN(l0l)tSFCl01) 
CO~MON/Q/ JRtJP,~TtNTPtTSTtOTJtOTtT"E•~LtS~OtRN 
CO~MON/R/ GRtTMAtCMAtALtSETtBES 
CD~MON/U/ DIR,DOR 

C**** CARD G• OX(J): REACH LENGTH 
c 

c 
C**** CARD H- XN(J): MANNING N 
c 

READC5tl00)(XN(J)tJ=ltJPl 
c 
C**** CARD t• YT= DOW~STREAM STAGE 
C QR: DOWNSTREAM DISCHAQGE 
C DIRe INITIAL FLOw DEPTH FOR ~EGRESSll~ 
C DDR: FLOW DEPTH STEP INTERVAU 
c 

READ(StlOOJyT,QRtO!RtOOR 
00 80 J=ltJP 
K:JP•J+l 
IF<J•ll20t20t30 

20 CALL ARPECK,YTtARtPRtWR) 
A('():AR 
PE(K):PR 
iliOOO =wR 
CALL VACE(K,ORtYf) 
Y(I():YT 

GO TO 80 
30 YCK):Y(K+l)•0.30 
40 YT=Y (K) 

CALL ARPE(K,YTtARtPRtWR) 
A(!():AR 
PE(K)=PR 
WOCK)awR 
CALL VACEtK,ORtYTl 
SF~=<SFCK)+SFCK+1J)/2.0 
HF=SFM*OX(K) 
HT:H(K+l) +HF 
1F(A8S(Hf•H(K))•0e01)80t80t50 

50 rtE:rt(K)•HT 
FN=t2.0*HV(K))/RA(K) 
FA:(3.0*SF(K)*O~CK))/(2.0•RA(~)) 
OY=ASS(HE/fl•O•FN+FA)l 
1FtHT•H(K))60,80t70 

&o v o() =Y tK) -ov 
GO TO 40 

70 Y(!():Y(K)+Oy 
GO TO 40 

80 CO~TINUE 
DO 90 J:ltJP 
rtDtJ)=A(J)/WDCJ) 
FR(J):VEtJ)/(SQ~f(GR*HO(J))) 
Q(J):QR 

90 CO~TINUE 
100 FO~~AT(8Fl0.0) 

RErURN 
EI'IIU 

OYNA 840 
OYNA 850 
OYNA 860 
OYNA 870 
OYNA 880 
OYNA 890 
OYNA 900 
OYNA 910 
DYNA 920 
DYNA 930 
OYNA 940 
OYNA 950 
DYNA 960 
OYNA 970 
DYNA 980 
OYNA 990 
DYNAlOOO 
DYNAlOlO 
DYNA1020 
OYNA1030 
OYNA1040 
DYNAlOSO 
DYNA1060 
DYNA1070 
OYNA108() 
DYNA1090 
OYNAllOO 
DYNAlllO 
OYNA1120 
OYNAlllO 
OYNA1140 
OYNAllSO 
DYNAll60 
DYNAll70 
DYNAU80 
OYNAll90 
DYNA1200 
DYNA1210 
DYNA1220 
OYNA1230 
DYN.I\1240 
DYNA1250 
OYNAl260 
DYNA1270 
OYNA1280 
0YNA1290 
0YNA1300 
DYNA1310 
DYNA1320 
OYNA1330 
DYNA134() 
0YNA13SO 
OYNA1360 
DY111Al370 
OYNA13130 
OYNAl390 
DY~AHOO 
OYNAHlO 
DY~Al420 
OY~A1430 
0YNA1440 
OYNA14!>0 
OYNA14M 
OYNAl470 
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SUBROUTINE 80UN 
COMMON/A/ 0Cl0l)t00(10l),A(l0l)t0Atl0l)tYCl0l)tQ1(501) 
COMMONIC/ CP{lOO) tCR (100) tCS (1 01) tCT t1 OU 
COMMONIE/ XNfl0l)t0Xt10l)tXCfl0lltXOC10l)t~RCl01) 
COMMON/PI INB,INCtlNOtiN~,l~PtiNRti~StlNJ 
COMMONIQI JRtJP,NT,NTPtTSTtOTUtOT,T~~~~LtSLOtR~ 
COMMONIR/ GRtTMAtCMAtALtBETtBES 
SLOPE=SLO 
IFCINB.EQ.l)SLOPE=CABSfY(JR)•Y(JP))/)XCJ~)) 
ALP=AL*SQRT(SLOPE) 
OACJP):Cf(JP)/(ALP*BET*AtJP)**BES•CS(J~)) 
RETURN 
END 

OVNA1480 
OYNAl490 
OYNA1500 
OVNAl5lO 
OVNA1520 
OYNA1530 
OYNA1540 
OYNAlSSO 
OVNA1560 
0YNA1570 
OYN41580 
OYNA1590 
0VNA1600 
OYNAl610 
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C DY~Al620 
SUB~OUTJNE CALEtTINT) DYNA1630 
COM~ONITI YEARt~ONTHtDAYt~OJQ,~INtSECtlHOU~tl~INtiSEC OYNA1640 
INTEGER YEARtMONTHtDAYtOt~tC~ECK 0YNA16SO 
REAL HOURtMJN,SEC OYNAl660 
ST= IHOUR*3600,+IM1N*60,+1SEC*l••TINT OYNA1670 
~= ST/3600, •o,ol OYNA1680 
0: H/24 +O,Ql OYNA1690 
lFCO,GT.O) GO TO 10 0YNA1700 
JHOUR•H OYNA1710 
IMIN= CST•H•3600.)/60,+0,0l DYNA1720 
ISEC= ST•H*3600.•IMIN*60.•0,0l 0YNA1730 
RETURN 0YNA1740 

10 OAY•OAY+O OYNA17SO 
IFfOAY,GT,Jl .A~O. MONTH,EQ,l ,o~. 0AY.GT,31 ,AND. ~O~Trl.EQ.3 DYNA1760 

J,OR, 0AY,GT,31 ,AND, MONTH,fQ,S .o~. 0AY.Gft31 tAN), ~ONTH.EQ,7 DYNA1770 
2.0R, DAY.GT,31 ,AND, MDNTH.EQ,8 .OR. 0AY.GT,31 .A~). ~O~TH.EQ,lOl 0YNA1780 
JGO TO 30 DYNA1790 

IFCOAY.GT.Jt .AND. MONTH,EQ,12J GO T~ 50 DYNA1800 
IFCOAY.GT,3o .AND• MONTH,EQ,4 ,QR, DAYeGT.30 ,AND. MONTrl.EQ,6 ,OR.DYNA1810 

lDAY,GT.lO •AND. ~ONTH,EQ,9 ,OQ, 0AY.3T.30 .AND, MONT~.E~elllGOT0600YNA1820 
IFl0AY.GT.28 .A~D. MONTH,EQ.2) GO TO 70 DYNA1830 

20 IHOUR• CST•O*A6400,)/3600,+0,0l 0YNA1840 
IMIN• tST•0•86400,•IHOU~*3600.l/60,+0,0l 0YN41850 
ISEC= ST•0*86400.•IHOUA*3600,•IMlN*60. DYNA1860 
RETURN OYNA1870 

30 MO~TH•~ONTH+l DYNA1880 
IFCMONTH.GT 8 12) GO TO SO OYNAl890 
JF(MONTH.EQ 8 2) GO TO 40 OYNA1900 
DAY•DAY•ll OYNA1910 
IFCOAY.GTe31 .A~O. MONTH.EQ.7) GO TO 30 DYNA1920 
IFCOAY.GT.31 .A~D. MONT~.~E.7) GO TO 60 DYNA1930 
GO TO 20 OYNAl940 

40 MONTH=MONTH·l DYNA1950 
GO TO 70 DYNA1960 

50 YEAR•YEAR+l OYNA1970 
~ONTH=l 0YNA1980 
0AY:OAY•31 0YNA1990 
1F(OAY.GT.3t> GO TO 70 OYNA2000 
GO TO 20 0YNA2010 

60 ~ONTH=~ONTH+l OYNA2020 
OAY=OAY•30 OYNA2030 
1FCOAY.GT.30) GO TO 30 DYNA2040 
GO TO 20 OYNA2050 

70 CHECK=VEAR/4 OYNA2060 
REST=FLOATtYEARt•CHECK*4• 0YNA2070 
lFCREST.EQ•O•l GO TO 80 DYNA2080 
MONTH:MONTH•l DYNAZ090 
DAY•OAY•28 OYNA2100 
GO TO 20 0YNA2110 

80 IF(0AY.EQ.29l GO TO 20 OYNA2120 
MONTH=MONTH+l OYNA2130 
OAY=OAY•29 OYNA2140 
1FCOAY.GT.3!) GO TO 60 OYNA2150 
GO TO 20 0YNAll60 
END OYNA2170 
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C 0YNA2180 
SUBROUTINE COEF 0YNA2190 
CO~MON/A/ Q(lOllt00(10lltACIOllt0A(l01JtYCl0lltOICSOll OYNA2200 
CO~MON/B/ CAtC8(100ltCCtCO<lOO)tCEC100)tCFilOO)tCGC100)tCHC100l 0YNA2210 
CO~~ON/C/ CPClOOltCRClOOitCSClOlltCTtlOll 0YNA2220 
CO~~ON/0/ XAClOlltXB(lOlltAlC10lltB1Cl0l),A2110llt32ll01) DYNA2230 
CO~MON/E/ XNllOlltOXClOlltXCClOlltXDClOllt~RilOll 0YNA2240 
CO~MON/H/ THEGC10lltTXACl0l)tTXBClOlltTXCC10lltTXDClOlltTXEC101) OYNA22SO 
CO~~ON/Q/ JRtJP,NT,NTPtTSTtDTUtOTtT~E~~LtSLDtR~ 0YNA2260 
CO~MON/R/ GRtTMAtCMAtALtBETtBES OYNA2270 
DO 10 J=ltJR OYNA2280 
TAL=ACJ)**XO(J) OYNA2290 
TAR=ACJ+ll*•XO(J+l) 0YNA2300 
TEL=Cl./AlJ+ll+le/A(J))/(4.•GR*DTl OYNA2310 
TEF=QCJ+ll*•2+Q(J)**2 0YNA2320 
TEG=QCJ+ll*•2-Q(Jl**2 OYNA2330 
TEH=le/A(J+ll**Z•l./(A(J+l)*l(J)) DYNA2340 
TEI=l.IA(Jl•*2•1•/(A(J+ll*A(J)) OYNA23SO 
CECJl=0.25*TXE(Jl*A(J)**TXOIJl*TEF•TXA(J)*A(J)**TX3lJl/OXCJ)~THEGCDYNA2360 

1 J)*C2.*Q(Jl**2/A(J)**3•TEG/(A(JJ**Z*A(J+llll OYNA2370 
CFCJ):O.S*Q(J)*(TXCtJ+l)*TA~+TXCCJ)*TALJ•2•*THEG(J)*JCJ)*TEI•TEL 0YNA2380 
CGCJ>=0.25*TXECJ+ll*A(J+ll**TXO(J+l)*TEF•TXA(J+l)*A(J+ll**TXS(J+l)OYNA2390 

1 /OXtJ)+THEGfJ)*C•2.•QtJ+l)**2/A(J+1)**3•TEG/CACJ+ll**2*ACJl)DYNA2400 
2 ) OYNA2410 
CHtJl=O.S*QCJ+l)*CTXCCJ+ll*TAR•TXCCJ)*fAL>•2.*THEGlJ)*~(J+ll*TEH+TDYNA2420 

1 EL 0YNA2430 
CP(J):•DT/OX(J)*(Q(J+l)•Q(J)) 0YNA2440 
CR(Jl=•0.2S•TEF•CXCCJ+l)*TA~+XC{J)*TAL)•(XA(J+l)*A(J+ll**X8(J+l)•XOYNA2450 

1 A(J)*A(J)**XB(J))/0X(J)•(THEGCJJ/THE}*(Q(J•ll**2*TEH•Q(J)**ZDYNA2460 
2 *TEil OYNA2470 

10 CO~TINUE 0YNA2480 
RETURN OYNA2490 
END 0YNA2500 
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SUBROUTINE CDELCNl 
CO~MON/C/ CP(l00ltCRCl00ltCSC10lltCTC10ll 
CO~~ON/E/ XN(l0llt0X(l0lltXCI10l)tXD(l0llt~R(l0ll 
CO~MON/I/ NL1 1 KLIC81tGLIC8tSOll 
CO~MON/Q/ JRtJP,~TtNTPtTSTtOTUtDTtT~~~~LtSLOtR~ 
DO 30 J=l,JR 
DO 20 K=ltNU 
IFCJ-KLI(K))30tl0t20 

10 CPCJl=CPCJ)+(OT/DXCJll*CQLII<tNI+QLI(~tN+lll*O.S 
20 CO'IITINUE 
30 CO'IITINUE 

RETURN 
END 

DYNI\2510 
0YNA2520 
0YIIfA2530 
OYNI\2540 
DYNA2SSO 
OYNI\25&0 
DYNA2570 
DYNA25BO 
DYNA2590 
OYNI\2600 
DYNA2610 
OYNA2620 
DYNA2630 
DYNA2640 
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SUBROUTINE COME 
OI~ENSION YRF ( 10) tARF ( 10) ,P"tF C 10) tlll~r:",( 10) 
COMMON/A/ Q(l0l)t00Cl0l)tA(l01),0AC10l)tYll0l),QIC501) 
COMMON/0/ XA(J01),~8(10l)tAlC101JtBlC10l)tA2fl01)t92Cl01J 
CO~MON/E/ XN(l0l}t0XC101J,~C(l01lt~0(101J,RRC101) 
COMMON/F/ VE(10l)tW0(101JtHOfl01)tRAC10l)tPEtl0l}tF'Rtl01) 
COMMON/G/ XX(10lt50)tXZClOlt50J 
COMMON/J/ NP(IOl)tHVtlOlltHClOlltSf(lOl) 
CO~MON/Q/ JRtJP,NT,NTPtTSTtOTUtOTtT~!.~LtSLDtR~ 
CO~MON/R/ GRtTMAtCMAtALtBETtBES 
CO~MON/U/ DIR,OOR 
IFCOIR,EQ,Ot) OIR=l,O 
IFCOOR,EQ,O,) OOR=l.O 
N=lO 
00 20 J=ltJP 
K=JP•J+l 
Zl=YCKJ•HO(K) 
0= OIR 
00 10 L=ltN 
YT=Zl+O 
CALL ARPECK,YTtAR,PR,wR) 
YRFCL)=YT 
ARF'CLJ=AR 
PRF'(LJ=PR 
wRF'(L):WR 
0= O•OOR 

10 COo.jTINUE 
CALL REGRCN,YRF,ARFtCltC2) 
XA(K):C} 
XBCK}:C2 
CALL REGR(N,PRFtARF,CltC2) 
AltKJ:Cl 
B1CKJ=C2 
CALL REGRCN,WRF,ARFtCltC2) 
A2tKJ=Cl 
8200 =C2 
XCCKJ=XN(K)•*2*Al(KJ**l•333/CMA 
X0(1():(4,0*81CK)•l0,0)/3,0 

20 CO~TINUE 
100 FORMATC8Fl0,0) 

RETURN 
END 

OYNA2650 
OYNA2660 
OYNA2670 
OYNA2680 
OYNA2690 
0YNA2700 
OYNA2710 
0YNA2720 
OYNA2730 
0YNA2740 
OYNA27SO 
0YNA2760 
OYNA2170 
OYNA2780 
OVNA2790 
OVNl\2800 
OYNA2810 
OYNI\2820 
0YNA2830 
OYNI\2840 
0YNA28SO 
OYNA2860 
0YNA2870 
OYNA2880 
OVNA2890 
OYNA2900 
0YNA2910 
OVNA\2920 
OYNA2930 
OVNA29tt0 
OYNA29SO 
OVNA2960 
0YNA2970 
OYNA2980 
OYNA2990 
OYNAJOOO 
OVNA3010 
OYNA3020 
OYNA3030 
OYNA3040 
OYNA30SO 
0YNA3060 
OYNA3070 
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S\J9ROUTINE CO~P 
CO~~ON/8/ CAtCBCl00ltCCtCDC1001tCEC100),CFClOOltCGClOOltCHC100l 
CO"'MON/0/ XA(l0lltX8(10lltA1(10lltB11101),A2(10ll,32Cl01) 
CO~~ON/E/ XNClOll tOXClOll ,XCI lOll tXOClOll t~R(lOll 
C0"4~0N/H/ THEGClOll ,TXAilOlltTXBilOll tTXCC10ll tTXOClOll ,TXEllOl) 
CO~MON/Q/ JRtJP,NT,NTPtTSTtOTUtOTtTrl£,~LtS~O,R~ 
C0'4MON/R/ GRtTMAtC~AtA~t8ETt8ES 
CA=0.5 
CC=CA 
RRC1l=QN 
DO 10 J=ltJR 
CBCJl=-THE*OT/DXCJI 
CDCJ>=-CBCJ) 
THEGCJI=THE/C2.•GR•DXCJII 
K:J+l 
RRCK):RR(Jl+DX(J) 

10 CO~TINUE 
DO 20 J=ltJP 
TXACJ):THE*XA(J)*XB(J) 
TXBCJI=XB(J)-1 
TXCCJl=THE*XCCJl 
TXDCJI=XO(J)-J 
TXECJI=TXC(Jl•XD(J) 

20 CO'ITINUE 
AL=TMA/(XNCJ~l*AlCJPI**Oe666666l 
BET=C5.-2.*BlCJP))/3.0 
BES=BET-1. 
RETURN 
END 

0Y~A3080 

0YNA3090 
OY~A3100 
0YNA3ll0 
0YNA3120 
0YNA3130 
0YNA3140 
0YNA3150 
0YNA3160 
OYNA3170 
OYNA3l80 
0YNA3190 
OYNA3200 
OYNA3210 
OYNA3220 
0YIIIA3230 
OYNA32tt0 
OY~A3250 
0YNA3260 
OYNA3270 
OY~A3280 
OYNA3290 
OYNA3300 
0Y"'A3310 
0YNA3320 
0YNA3330 
0YNA3340 
0YNA33SO 
OYNA3360 
0YNA3370 
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SUBROUTINE COOR 
CO~MON/G/ XXC10lt501tXZCIOlt50J 
CO~MON/J/ NPClOllt~VClOli,HClOli•SFClOIJ 
CO~MON/Q/ JR•JP,NT ,NTPt TST tOTUtDT, Tl'f::,, "l.•Sl.O,Q\1 
DO 10 J=ltJP 

C**** CARD E• NP= NUMBER OF POI~TS OESCRidi~G A CROS~ SECTIO'I. 
c 

c 

REAOCStlOOINPCJI 
Nl=NP(J) 

C**** CARD F• XXIJ•KI: ABSCISSA 
C XZCJtKI= OROINATE 
c 

10 READC5t200) ICXXCJ,KitXZCJt'<lltK=lt'HI 
100 FOR"'ATCllOI 
200 FOR~ATC8Fl0•01 

RETURN 
END 

DYNI\3380 
DYNA3390 
0YNA3400 
OYNA3410 
OYNA3420 
0YNA3430 
DYNA3440 
OYNA3450 
DYNA3460 
OYNA3470 
DYNA3480 
OYNA3490 
OYNA3500 
0YNA3510 
OYNA3520 
0YNA3530 
OYNA3540 
0'(NA3550 
Q'(NA3560 
OYNA3570 
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C OVNA3580 
SUBROUTINE ODUB(N) OVNA3590 
CO~~ON/A/ 0ClOl)t00(10l)tA(l0l)t0AC10l)tYll0l)t0It50ll 0YNA3600 
CO~~ON/8/ CAtC8ll00)tCCtCDtlOO),C£(100),CFC100)tCGll00)tCH(l00) OV~A3610 
CD~~ONICI CPllOOltCRClOOltCSClOlltCfllOll 0YNA3620 
CO~~ON/E/ XN(}Ol>tOXll0l)tXCC10l)tX0(101>tRR(10ll OYNA3630 
CO~~ON/P/ INB,INCtlNDtlNLtl~O,JNA,I~S.lNJ OYNAJ640 
CO~MON/Q/ JRtJP,NT,NfPtTSTt)TUtOT,TrlE·•~LtSLOtRN OVNA3650 
CO~MON/R/ GRtTMAtCMAtALtBETt~ES OYNA3660 
CSCl>•O,O OYNA3670 
CTCll=QI(Nl-Q(}) OYNA3680 
00 10 J=ltJR OYNA3690 
U:fCE(J)+Cr(J)*CS(J))/(CA+CBCJ)*CSfJ)) DYNA3700 
f=l.llCH(J)-UoCQ(J)) OYNA3710 
CS(J+l>=T*CU*CC·CG(JJ) OYNA3720 
CTCJ+lJ•T*CCCRCJl•CFlJ)*CTCJ))•U*CCPCJ)•CBCJ)*CT(J))) OYNA3730 

10 CONTINUE 0YNA3740 
CALL 80UN OYNA3750 
OQCJP>=CSCJP)•OAlJP)+CTCJP) 0YNA3760 
00 20 J=2tJP 0YNA3770 
K:JP•J+l OYNAJ760 
OACK):((CPfK)•C8fK)*CTCK>>•CCC*OA(K+l)+COC~)*0Q(K+l)))/(CA+C8(~)*COYNA3790 
15(~)) OYNAJSOO 
0Q(K):CS(K)•0A(~)+CTCK) OYNA3810 

20 CONTINUE OYNAJ820 
RETURN 0YNA3830 
END OYNAJS~O 
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SU8ROUTlNE HEAD 
CO\fMON/P/ lNB,INCtiNDtiNLtl~PtlNRtl~StlNv 
CO~MON/Q/ JRtJP,NT,NTPtTSTtOTUtOTtT~E,~LtSLOtR~ 
COMMON/R/ GRtTMAtCMAtALt8ETt8ES 
COMMON/51 RUN(40)t0ATEt40) 
COMMONITI YEARtMONTHtOAYtHOJ~tMlNtSECtiHOU~tiMlNtiSEC 
INTEGER YEA~tMONTHtDAY 
REAL HOURtMJN,SEC 
wRITEC6t100) 

0YNA38SO 
0YNA3860 
OYNA3870 
0YNA3880 
0YNA3890 
OYNA3900 
0YNA3910 
OYNA3920 

C**** CARD A• RUN(L)=~AME OF RUN 
c 

0YNA3930 
OYNA3940 
OYNA39SO 
0YNA3960 
OYNA3970 
O'tNA39BO 
OVNA399() 
OYNA4000 
OYNA40lO 
0YNA4020 
OVNI\4030 
0YNA4040 
OYNA40SO 
OYNA4060 
OVN44070 

c 
REA0(5t2001 IAUNfLttL=l•40J 
~RITEC6t300» (RUN(LitL=1t40) 

C**** CARD 8• OATEtLJ=DATE OF RUN 
c 

c 

READC5t200) (DATE(LltL=lt40) 
wRITEC6t300) IDATE<L>•L=lt40) 

C**** CARD C• INDICATOR OPTIONS 
c 

READ(St400JINBtiNCtlNDtlNLtl~PtiNRtl~Stl~U 
WRITE (6,500liN8tiNCtiNDtiNLtlNPtl~~.I~Sti~U 
GR=9,8l 
IF(INU.EQ.l)GR=J2.17 
TMA=l.OO 
lFtiNU.EQ,l)TMA=l.486 
CMA=TMA*TMA 

0VNA4080 
0YNA4090 
O't~A4l00 

c 
C**** 
c 

CARD 0• INPUT OF DISCRETIZATION DATA 
JR=NUMBER OF REACHES 
NT=NUMBER OF TIME STEPS 

O'tNUllO 
OYNA4120 
OYNA4l30 
OYNA4l40 
OYNA41SO 
OY!IfA4160 
OYNA4170 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

NTP:PRINTEO OUTPUT EVERY NTP TIME STEPS 
TST:TOTAL SJMULATIO~ TI~E,IN DAYS 

0YNA4180 
OYNA4190 
OYNA4200 
0YNA42l 0 THE:WEIGHTING FACTOR THETA 

SLD:NOR~AL WATER SURFACE SLl~E AT 
KINE~ATIC BOuNDARY CONDITION 

RN=RANGE 
YEAR=YEAR OF CALENDAR DATA 
MONTH:MONTH OF CALE~OAR DATA 
OAY:DAY OF CALENDAR DATA 
HOUR=HOUR OF CALENDAR DATA 
MIN:MINUTES OF CALE~OAR DATA 
SEC:SECONDS OF CALE~OAR DATA 

OOwNST~EAM SECTIO~ FOR OYNA4220 
OYNA4230 
0YNA4240 
OYN442SO 
OYNA4260 
OYNA4270 
OYNA4280 
0YNA4290 
OYNA4300 

~EADC5t600)JR,NTtNTPtTSTtTHEtSLOtRNtVEARtMONT~tDAYt~OURt~lNtSEC 
IF(THE.LT.0.5) THE=0.6 

O't'N44310 
OYNA4320 
OYNA4330 

JP=JR•l 
NL=NT+1 
DTU=TST/FLOAlfNTl 
OT= OTU*864oo.o 
IHOUR=HOUR 
1!4IN=MIN 
ISEC=SEC 
~RITE(6t700}JR,JPtNTtTSTtOTJtDT,THEtSLD 

100 FORMAT€1Hlt2(/J,l3211H*l//42X•" OY~A--••FLODO ROUTING ~ITH A 
tiC WAVE MODEL"//l32tlH*l//J 

200 FORMATC40A2} 
300 FOAMATllXt40A21l 
400 FORMATt80Il) 
SOD FO>lMAT pt lNg:u, I2t'* INOICATtH OF 

1 " lNC="•l2tu INDICATOR OF 
2 '* INO='*ti2tlf INDICATOq OF 
3 " INL= 11 tl2•" INDIC.UO~ OF 
4 tt JNp:n,I2t 11 !NOICATOQ Of 
5 " lNR='*ti2•" INDICATDq Of 
6 If INs:n,J2•" lNOICAJOq OF 
1 u INu:n,I2t" lNOICATOq OF 

600 FORMAT{3ISt4FlO.Ot3l2t3F5.0) 
700 FO~MAT(tt JR ="tllOt" REACHES"/ 

OOIII~STREA~ BOJNOAn TYPE"/ 
CALENDA~ CAPAaiLITY"I 
t~PJf OATA TYPE"/ 
LATERAL I~FLOIII 11 1 
PLOTTED OUTPUT"/ 
TYP~ OF P~I~TED OJTaUf"l 
CROSS SECTIONAL l~PJT"I 
SYSTEI.t· OF U~nsun 

1 " JP ='*•IlO,u CROSS SECTIONS"/ 
2 " NT ="•ll0t" TIME STEPS'*/ 
3 '* TST='*tFl0.2t" DAYS - TOTAL Sl~ULaTION TIME"/ 
4 n DTu:n,FI0.2t" OAYS • TIME l~lERVAL"I 
5 tt DT :n,FlO,o,n SECO~OS ... TII1::l INTE~VAL"/ 
6 n THE="tFl0.2t" WEIG~TI~G FACTOR OF I~PLlCIT SCHEME"/ 

OYNA4340 
OYNA43SO 
DYNA4360 
0YNA4370 
DYNA4380 
0YNA4390 
0YNA4400 
OYNA4410 

i>YNA\f0YNA4420 
0YNA4430 
0YNA4440 
DYNA4'+50 
0YNA4460 
DYNA4470 
OYNA4480 
OYNA4490 
OYNA4500 
OYNA4510 
OYNA4520 
OYNA4530 
OYNA4Sit0 
OYNA4550 
0YNA4560 
OYNA4570 
OYNA45SO 
0YNA4590 
DY"'A4600 
DYNI\4610 
DYNA4620 

7 '* SLO="tFl0.6t'* ~ORMAL WATER SU~FACE SLOPE AT DOW~STREA~ SEOYNA4630 
DYNA4640 
DYNA46SO 
0YNA4660 

8CTlON FOR KINEMATIC BOUNDARY CO~DITll~"IIJ 
RETU~N 
END 



c 
SUBROUTINE HYCO 
OlMENSlON VlClO)tZlClO) 

34 

COMMON/A/ Q(l0l)t0Qfl0l)tA(l0l)t0A(l0lltY(l0l)tQl(S01) 
CO~MON/0/ XA(l0l)tXB(l0l)tAl<lOl)tBlll0l)tA2(10l)t62Cl01) 
COMMON/£/ XNC10}JtOXC10l)tXC(l0l)tX0(10l)tRA(l0l) 
COMMON/F/ VEC101)tW0(10l>tHO(l01)tRA(l0l),P£(10l)tFRll01) 
CO~MON/Q/· JRtJP,NT tNTPt TS T t OTUtOT t TliEt '4LtSLDtR'4 
COMMON/A/ GRtTMAtCMAtALtBETtBES 

c 
C**** 
c 

CARD L• INPUT OF REFERENCE ~ALUES FO~ ~VPOTHETICAL PROBLEM 
QRFa REFERENCE DISC~ARGE 
ARFa REFERENCE FLOw AREA 
WRFa REFERENCE TOP -lOTH 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ZRF: BED ELEVATION OF UPSTREAM SECTION 
AlRF= REFERENCE COEF~ICIENT Al I~ WETTED PEAIMETER•AAEA 

RELATIOH 
BlAF• REFERENCE EXPO~ENT 81 IN WETTED PEAI~ETE~·AAEA 

RELATION 
A2RF= REFERENCE COEFFICIENT A2 I~ TOP wiOT~•AAEA RELATION 
B2RF= REFERENCE EXPl~ENT IN TOPwiOTH•AAEA ~EL•TIO~ 
XNAF• REFERENCE MAN~ING N 
DXAF= REFERENCE CHA~~EL AEAC~ LE~GTH 

OIA= INITIAL FLOw DEPTH FDA AEGQESSIO~ 
DDR= FLOW DEPTH STEP I~TERV4L 

AEADf5tl00)QRFtARFtWAFtZAFtAlAFtBlRFtA2RFt82~F,XNRF•DXRFtDIAtDDR 
00 20 J=ltJP 
Q(J)cQRF 
A(J)•AAF 
WOCJ):WAF 
XN(J):XNAF 
AltJl=AlRF 
Bl<J>=BlRF 
A2(J):A2RF 
82CJ):82RF 
OXCJ)•DXAF 

20 CO~TINUE 
00 30 J=ltJP 
XC(J):XN(Jl•*l•*AltJ)**l•3333/CMA 

30 XO(J):C4,*91(J)•l0.0)/3,0 
Z=ZRF 
N=lO 
DO 50 J•ltJP 
0= DIA 
DO 40 t<=ltN 
Vl(t<):=Z+O 
Zl (t<):IIIAF*O 
D= D+OOA 

40 CONTINUE 
CA~L REGRtN,YltZltCltC2) 
U(J):Cl 
XBfJ):CZ 
Y(J):XA(J)*A(J)**XB(J) 
Z=Z-SLO*DXAF 

50 CONTINuE 
100 FOA~AT(8Fl0,0) 

AETU~N 
END 

OYNA4670 
OY'NA4680 
OYNA4690 
0YNA4700 
OYNA47lO 
OYNI\4720 
OYNM730 
OYNA4740 
O\'NA4750 
OYNA4700 
OYNA4170 
OYNA4780 
OYNA4790 
OVNA4800 
OYNA4810 
DYNA4820 
OYNAtt830 
DYNA4840 
0VNA4850 
OYNA4860 
OYNA4870 
OYNA4880 
OVNA4890 
OYNA4900 
OYNA49lO 
0VNA4920: 
OYNA4930 
DYNA4940 
OYNA4950 
OYNA4960 
OYNA4970 
OYNA4980 
OYNA4990 
OYNASOOO 
OYNASOlO 
OYNASOZO 
0YNA5030 
OVNASOitO 
OVIIIASOSO 
OYNASO&O 
OYIIIAS070 
OYNASOBO 
OYNA5090 
DVNA5100 
OYNASllO 
OYNA5120 
DVNA5130 
OYNAS140 
OYNASlSO 
0YNA5160 
OYNA5170 
DYNA5180 
OYNA5190 
DYNA5200 
OYNA5210 
OYNA5220 
0YNA5230 
OYNA5240 
OYNA5250 
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SUBROUTINE INCO 
COMMON/A/ Q(lOl)e0QllOlltA(l0l)t0AC10l)tVC10l)tQI(501) 
CO~MON/0/ XA (101> tXB UOU tAl tlOU tBH 1 OU t.A2UOU ,92(1 OU 
COM~ONIE/ XN(l0llt0X(l0l)tXCC10lltXOl10l)t~RC101) 
COMMON/F/ VEllOllt~OtlOlltH0(10lltQA(l0l)tPE(l01)tFRC101) 
CO~MON/G/ XXC10lt50)tXZC10lt50) 
COMMON/J/ NP(lOlltHVllOlltHClOlltSF(lOl) 
CO~MONIP/ IN8tiNCtiNDtlNltl~P,INR,I~S,lNU 
CO~MON/Q/ JRtJP,NTtNTPtTSTtOTUtOTtT~Et~LtS~OtR~ 
COMMON/R/ GRtTMAtCMAtAltBETt8ES 
IFCINS,EQ,O)GO TO 30 
IF(IND.EQ,l)GO TO 40 

c 
c•••• 
c 

CARD J• HYDRAULIC AND CROSS SECTIO~A~I CHARACTERISTICS 
XAlJ)a COEFFICIE~T A IN STtGE-AREA RELATIO~ 
XB(J): EXPONENT B I~ STAGE·A~EA ~ELATION c 

c 
c 
c 
c 
c 
c 
c 

c 

Al(J): COEFFICIENT Al IN wETTED PE~l~ETER•AREA RELATIO~ 
81(J): EXPONENT 81 I~ WETTED PERIMETER•AREA ~ELATION 
A2(J)a COEFFICIENT A2 IN TOP wiDTH•AREA RELATIO~ 
82CJ)a EXPONENT 82 I~ TOP -l)T~·AREA RELATlO~ 
XNCJ)• ~ANNING N 
DXCJ): REACH LENGTH 

00 10 J=ltJP 
READ C 5, 100 I XA ( J) t XB ( J) tAl ( J) • B 1 ( Jl t A2 ( J) t 82 C J) t XN l J) t OX ( J) 
XCCJ)•XN(J)•*2*A1(JJ**l•3333/CMA 
XOCJ)a(4.0*Bl(J)-l0.0)/3.0 

10 C0"4TINUE 

C**** CARD K• INITIAL CONDITIONS 
C Q(J): DISCHARGE 
C ACJJ• FLOW AREA 
c 

REA0(5tl00)((Q(J)tA(J)tJ=ltJP)) 
00 20 J•1tJP 

20 Y(J):XA{J)*A(J)**XBCJ) 
RETURN 

30 CO....,TINUE 
CALL COOR 
CALL BACK 
CALL COME 
RETURN 

40 CONTINUE 
CALL HYCO 

100 Foq~ATCBFlO.O) 
RETURN 
ENO 

OYNASZ60 
DYNA5270 
OY"4AS280 
OYNAS290 
OYNA53UO 
OYNAS310 
OYNAS320 
OYNA5330 
OYNAS340 
DYNA5350 
OYNAS360 
OYNAS370 
DYN.AS380 
OYNAS390 
OYNA5400 
0YNA5410 
OYNA5420 
OYNA5430 
OYNAS440 
OYNA5450 
0YNA5460 
OYNA5470 
OYNAS480 
OVNA5490 
OVNASSOO 
OVNASSlO 
OYNAS520 
0YNA5530 
OYN45540 
OYNASSSO 
OVNASSoO 
OYN45570 
0YNAS580 
DYNA5590 
DYNAS600 
OYNA5610 
OYNA5620 
0YNA5630 
0YNAS640 
0YNAS650 
OYNA5660 
OYNA5670 
OYNA5680 
OYNA5690 
DVNAS700 
OYNAS110 
OYNA5720 
0YNAS730 
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C DYNA5740 
SUBROUTINE PLOT(NT) DYNAS7~0 
CO~MON/V/ PLN(500),QPL(50Q),QPL~tYP~CS00)tYPL~ DYNAS760 
DIMENSION lTITLE(2)tKTITLE(2)•JTITLECB),~TITLE<8) DYNA~770 
DATA ITITLECl)tiTITLE(2)/lO~TIME STE~ tSrlSTAGE/ OYNA5780 
DATA KTITLECl)tKTJTLE(2)/lO~TlME STE~ t9~01SCHARGE/ 0YNA5790 
DATA JTITLE/loHOISCHARGE tlO~HYOqOG~AP~,lO~ AT J•JPtS*lO~ OYNA5800 

1 I OYNA5810 
DATA NTITLEilOH STAGE tlOHHYDROGRAP~tlOrl AT J:JPtS*lOH DYNA5820 

1 I 0YNA5830 
T•FLOAT(NT) OYNAS840 
CALL MAPACS,PLN,YPLtltNTtl••TtYPLClltYPL~tiTITLEll)•ITITLEC21t~TITDYNA58SO 

lLEtll 0YNA5860 
CALL MAPACS,PLN,OPLtltNT,l.,T,QPL(l),QPL~.~TITLECllt<TITLEC2),JTITOYNA5870 

lLE•l) OYNA5880 
RETURN OYNA5890 
END 0YNA5900 
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SU~ROUTINE PRIC 
CO~MON/0/ XA(l0lltX8(10l)tAl(l0l)t81(10l)tAZC10l)t32Cl01) 
CO~MON/E/ XN(l01JtOXC10l),XC(l0lltX0(101ltQRCl01l 
CO~MON/Q/"JRtJP,NT,NTPtTSTtOTUtOT.T~E.~LtSLOtR~ 
wRITE(6t400) 
WRITE C6tl00) 
00 10 J•ltJP 
WRITEt6t200)J 1 XA(J),X8(J)tAl(J)t81CJ),A2(J)t92(J),XN(JJt0X(J)tJ 

10 CONTINUE 
wRITE (6t300) 

100 FO~MATl1Xtll6(1H•)/1Xt" J XA X8 Al 
1 81 AZ 82 XN OX 
2 J "I}X,ll6(1H•)/) 

200 FORMATC1Xtl3t2Fl1,4tF15e4tF12.4tFl6t4t2Fl3t4tF14,0tl7) 
300 FORMATt1Xt1)6(1H•)/) 
400 FO~MAT <ZOX,nH Y 0 R A U 1.. I C A N 0 C R O· S S S E C T I 0 ""4 A 

1 P R 0 P E R T I E 5" /) 
RETURN 
ENO 

OYNA5910 
OYNA5920 
0YNA5930 
OYNA5940 
OYNA5950 
OYNA5960 
OYNAS970 
OYNAS980 
OYNA5990 
OYNA6000 
OYNA6010 
OYNA6020 
OYNA6030 
OYNA60itO 
OYNA60SO 
OYNA6060 

LOYNA6070 
OY"fA6080 
OYNA6090 
0YNA6100 
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C OYNAbllO 
SUBROUTINE PRINCN) DYNA&l20 
CO~~ON/A/ Q(l0l)t0DClOlltAC10l)t0ACl01JtYCl0l),QIC50ll DYNA6130 
COMMON/8/ CAtC8ClOOitCCtCOC100)tCECl001tCFilOO)tCGll001tCMC1001 DYNA6l40 
CD~~ON/P/ lNB,INCtiNOtlNLtl~P,INRti~StiNU OYNA6150 
CO~MON/Q/ JRtjP,NTtNTPtTSTtOTUtOT,TrlE~~LtSLOtR~ DYNA&l60 
CO~MONIT/ YEARt~ONTHtOAYt~OURtMINtSECtlHOU~tlMINtiSEC DYNA6170 
IF <INC.NE.l) GO TO 10 OY,..A6180 
~RITEC6t400)N 9 YEAR,MONTHtOAYtiHOURtl~1~tiSEC DYNA6l90 
GO TO 20 DYNA6200 

10 wRITEC6tl50)N OY~A6210 
20 1=0 OYNA6220 

IFCCJP/3*31-JP)40t30t40 DYNA62JO 
30 K=O 0YNA6240 

I=O OYNA6250 
GO TO 70 OYNA6260 

40 IF(((JP•l)/3*3)•(JP•l))50t60t50 OYNA6270 
50 I=•l OYNA62BO 

K=2 OYNA6290 
GO TO 70 DYNA6300 

60 1=1 OYNA6310 
K=l OYNA6320 

70 Ll=JP/3 DYNA6330 
Jl=Ll+K 0YNA6340 
J2=2*Ll+K OYNA63SO 
DO 80 J=ltll 0YNA6360 
Nl=Jl•J 0YNA6370 
N2=J2+J OYNA6380 
wRITEC6t200)J 9 Q(JI,A(J)tY(J),NltQ(NlltAC~lltY(~l)t~2,~(~21tAl~2)tYOYNA6390 

l(N2J OYNA6400 
80 CONTINUE OYNA6410 

IFCII90tl30,100 OYNA6420 
90 K=2 OYNA6430 

GO TO 110 0YNA6440 
100 K=l OYNA6450 
110 L2=L1+K DYNA6460 

Ll=Ll+l OYNA6470 
00 120 K•Ll,L2 DYNA~480 

120 WRITEC6t200)K,Q(~)tACKitYCKJ 0YNA6490 
130 wRITEC6t300) 0YNA6500 
150 FORMAT(/" TIME STEP 11 tl311Xtll9Clrl•)/ 11 J JlSC~ARGE 40YNA6510 

lREA STAGE J DISCHARGE A~EA SfA3E J OYNA6520 
20ISCHARGE AREA STAGE 11 /lXtll9ClH•)t//) OYNA6530 

200 FDR~ATC3CIS,Ft4.4t2Fl0.4tlX)) DY~4&540 
300 FOR~ATC1Xell9Cl~·)/////) OYNA&550 
400 FORMATC/ 11 TIME STEP 11 tl3t&SXt"CA~E~OAR TlliofE 11 t2llel2a2t 111 11 tl2•2t0YNA&5bO 

111 111 tl2.2t3X,I2.2t 11 :"tl2e2t 11 l 11 ti2.2/lXtll9fhf•)/ 11 J OISCHAOYNA6570 
2RGE AREA STAGE J DISC~ARGE AREA STAGE OY~Ab5~0 
3 J DISCHARGE AREA STAGE "lllttll9tlH•)e/l) OYNA6590 

RETURN OYNA&bOO 
END OYNA&610 
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C OY~46620 
SUBROUTINE PRIX(N) 0YNA6630 
CO~MON/A/ Q(l0l)t0Q(l0l}tA(l0llt0A(l01)tYC10l)tQICS01) OYNA6640 
CO~~ON/E/ XN(l0}ltOXC10l)tXC(l0l),X0(101),~R(l01) 0YNA66SO 
CO~MON/F/ VE(10lltW0(10l)tH0(10l)tRA(}0l)tPE(l0l)tFR(10l) OYNA6660 
CO~MON/P/ lNB,INCtlNOtlNLt1~~.INRtiNStiNu OYNA6670 
COMMONIQ/ JRtJP,NT,NTPtTSTtOTUtOT,TME·t~LtSLOtR~ 0YNA66SO 
CO~MON/T/ Y£ARtMONTHtOAYt~OJRtMIN,SECtiHOURtiMINtlSEC OYNA6690 
lFClNC.NE.l)GO TO 10 OYNAb700 
wRITEC6t400)N,YEARtMONTHtDAYtiHOURtl~I~tiSEC OYNA6710 
GO TO 20 OYNA6720 

10 wRITEC6tl00)N OYNA6730 
20 CONTINUE OYNA6740 

00 30 J=ltJP OYNA67SO 
wRITEC6t200) JtRR(J),Q(J),A(J)tYCJ)t~EtJ),P£(J)tWO(J),~A(J),HJ(J),OYNA6760 

lFRCJ)tJ OYNA6770 
30 CO~TINUE OYNAo780 

wRITEC6t300) OYNA6790 
100 FORMATC/" TIME STEP "•l311Xtl3lllri•)/" J OlSTA~CE DISCHOYNA6800 

lARGE AREA STAGE VELOCITY w.PERI~ETER TOP WIOT~ OYNA&8lO 
2 HYO.RAOlUS HYO.OEPTH FROUOE N~ J"11Xtl31(1~•),1/l OYNA6820 

200 FO~MATCl4tF}l.ltlXt2Fll.3tFlla4tF9a4t4Fl4e4tF8.2t6Xtl4) OYNA6830 
300 FORMATC/1Xtl3lflH•)t/////) OYN~6840 
400 FO~~ATC/" TIME STEP "•13t77Xt"CA~E~OAR Tl~E"t2Xtl2.2t"l"ti2·2•DYNA&8SO 

1"1"tl2.2t3X,I2e2t":"•l2e2t":"•l2.2/l~tl31(1H•}/ " J DISTA~CE OYNA68&0 
2 DISCHARGE AQEA STAGE Y~LOCJTY WePERl~ETER TOP OYNA&870 
3~1DTH HYOeRAOIUS HYOaOEPTH FRJUOE NJ J"/1Xt131ClH•llllOYNA6880 

QETURN OYNA6890 
END OYNA&900 
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SUBROUTINE QTIM 
COMMON/A/ Q(lOlttOQClOlttAC10llt0AC10lltYCl0lltQICS01) 
CO~MON/l/ NLitKLI(8)tGLIC8t50ll 
CO~MON/P/ IN8 9 INCtiNOtlNLtl~P,INR,INStiNJ 
CO~MON/Q/ JRtJP,NT,NTPtTSTtOTUtOTtT~E~~LtSLOtR~ 
IFCINO.EQ.l)GQ TO 20 

C**** CARD M• UPSTREAM INFLOW OISC~ARGE HY)ROGRAPH C~=2t~LJ 
c 

c 

REAOl5tl00)(QJ(NltN=ltNT) 
GO TO 60 

C**** CARD N• CHARACTERISTICS OF ~YPOTHETICA~ INFLO~ HYO~OGRAP~ 
C QP= PEAK DISCHARGE 
C Q8: BASE FLOw OISCHA~GE 
C Tl• HYOROGRAPH OURATION,IN ~lU~S 
c 

c 

20 REAOC5tl00)QP,Q8tTl 
Cl:O.S*(QP+QB) 
CZ=Cl•QB 
OTH:OT/3600, 
TP=Oe5*TIIOTH 
00 50 N=ltNT 
COUNT=N 
VO•COUNT*OTH 
IFCVO•Tl)J0,30t40 

30 QICNl=Cl•C2•COSCN*3el415930/TP) 
GO TO 50 

40 QICN):QB 
50 CO~TINUE 
60 CONTINUE 

IFCINL.EQ,O)RETURN 

C**** CARD 0• NUMBER OF REACHES wiTH LATER-L I~FLOw 
c 

REAOC5t200INLI 
c 
C**** CARD P• REACH LOCATION wiTH LATERAL INFLOW 
c 
c 
C**** CARD Q• LATERAL INFLOw 
c 

DO 10 K=ltNLl 
10 REAOC5tl00l (QLIC~tN)tN=ltNLl 

100 FORMATC8FlO.O) 
200 FORMATC8Il0) 

RETURN 
ENO 

OYNAb9lO 
OYNAb920 
OYNA6930 
DYNA6940 
0YNA6950 
OYNA6960 
DYNA6970 
OYNA6980 
OY!IIA6990 
OYNA7000 
DYNA70lO 
OYNA7020 
OYNA7030 
OYNA7040 
OYNA7050 
OYNA7060 
OYNA7070 
OYN-7080 
0YNA7090 
0YNA1l00 
OYNUllO 
OYNA7120 
OYNA7130 
OYNA7140 
DYNA71SO 
OYNA7160 
OYNA7170 
OYNA7180 
OYNA7190 
0YNA7200 
0YNA7210 
OYNA7220 
OYNA7230 
OYNA7240 
OYNA7250 
OYNA1260 
OYNA7270 
OYNA7280 
OY"'A7290 
OYNA7300 
OYNA7310 
OYNA7320 
OYNA7330 
OYNA7340 
OYNA7350 
OYNA73bO 
OYNA7370 
0YNA7380 
OYN47390 
0YNA7400 



c 
SUBROUTINE REGR(NtXtYtCltC2) 
DI~ENSION XClO),Y(10) 
SY=O• 
54=0. 
52=0. 
SP=O• 
DO 10 J=1tN 
YL=ALOG10CX(J)) 
AR=ALOG10(Y(J)) 
SY=SY+YL 
SA=SA+AR 
S2=52+AR**2 
SP=SP+YL*AR 

10 COIIITINUE 
C2=CN*SP-SY•SA)/(N*S2-SA**2) 
YI=CSY-C2*5A)/FL0AT(N) 
C1=10.0**YI 
RETURN 
END 
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OYN47410 
DYNA7420 
DYNA7430 
OYNA7440 
OYNI\7450 
OYNA7460 
OYNA7470 
OYNA74b0 
OYNA 7490 
DYNA7500 
DYNA7Sl0 
DYNA7520 
DYNA7530 
OYNA7540 
OYNA7550 
DYNA75bO 
DYNA7S70 
DYNA75BO 
DYNA7590 
DYNA7600 



c 
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SUB~OUTINE RELO(N) 
CO~MON/A/ Q(l0l)t0GC10l)tACl0l)t0AC10l),y(}0l),QJ(501) 
CO~MON/0/ XAC10l)tXBC10l)tAlfl0l)t81C10l)tA2Cl0l)t32(101) 
CO~MON/F I VE C 10 I) t wD (1 0 1> , tta (1 0}) t RA C 10 1> , P£ ( 10 1> , F'R C 1 0 1> 
CO~MON/P/ INB,INCtiND,lNLtl~O,JNQ,I~S,INJ 
CO~MON/Q/ JRtJP,NTtNTPtTSTtOTUtOT,TtiE~~LtSLOtR~ 
CO~MON/R/ GRtTMAtCMAtALtBETtBES 
CO~MON/V/ PLN(500),QPLCSOO),QPL~tYPLf500)tYPL~ 
00 20 J=ltJP 
QCJ):Q(J)+DQ(J) 
ACJ):A(J)+DA(J) 
YCJ):XACJ)*A(J)**XBCJ) 

20 CO~TINUE 
IFCINP.EGeO) GO TO 30 
QPLCN)=QCJP) 
YPLCN)=YCJP) 
PLN(N)=FLOATCN) 
IFCQPLM.LT.QPLC~)) QPLM=QPLCN> 
IFCYPLMeLTeYPL(N)) YPLM=YPLf~) 

30 CONTINUE 
IFCINR.EQ.l)RETURN 
CALL VACO 
RETURN 
END 

OYNA7610 
DYNA7620 
OYNA76JO 
0YIIJA7640 
0YNA76SO 
OYNA76b0 
OYNA7670 
DYNA7680 
OYNA76~0 
OYNA 7700 
OYNA7710 
OYNA 7720 
OYNA7730 
OYNA 7740 
0YNA1750 
OYNA77bO 
OYNA 7170 
DYNA 7780 
0YNA7790 
OYNA7800 
OYNA7810 
OYNA7820 
O't'NA7830 
O't'NA7840 
OYNA78SO 



c 
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SUBROUTINE VACECJ,QRtYT) 
COMMON/A/ Q(l0})t0QCl0l)tAI101),0AC10l)tVCl01ltQJtS01) 
COMMON/E/ XN(l0l)tOX<lOl)tXCll01)tX0(101),~R(l01) 
CO~MON/F/ VE(101),w0Cl0lltH0C10l)tRAC10l),PEt10llt~RC101) 
CO~MON/J/ NPC10l)tHV(10l),Htl0l)tS~(l0l) 
COMMON/R/ GRtTMAtCMAtALtBETtBES 
VECJ)aQR/A(J) 
HV(J)•VElJt•*2/(2,0*GR) 
H(J)::HVCJ)+yT 
RAtJ}:A(J)/PE(J) 
SF(J):(VECJ)**2•XNtJ)**2)/{CMA*RA(J)**l•3333) 
RETURN 
ENO 

OYNA7860 
OYNA7870 
OYNA7880 
OYNA7890 
OYNA7900 
0YNA7910 
OYNA7920 
OY~A7930 
OYNA7940 
0Y~A7950 

OYNA7960 
OYNA7970 
OYNA7980 
OYNA7990 



c 
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SUBROUTINE VACO 
COMMON/A/ Q(10lltDQf10llt4Cl0lltDAC101ltVCl01),Q1(501) 
COMMON/0/ XA C 101 I tXBC 101>, Al C 1011 tBl (1 011 • A21 1 01> ,az (101) 
COMMON/F I VE C 1011 t WD ( 101) , HJ ( 1011 t ~A ( 1 01 I t PE I 1 0 1> , F'R C 101 I 
CO~MON/Q/ "JRtJP,NT,NTPtTSTtOTUtOTeTNE~~LtSLD,R~ 
COMMON/R/ GRtTMAtCMAtALtBETtBES 
00 20 J•ltJP 
VE(J)•Q(Jl/A(Jl 
PE(J)•Al(Jl•ACJI**Bl(J) 
W0(J)•A2(Jl•A(Jl**82(J) 
RA(J):A(J)/PECJl 
HO(J)•A(JI/WD(J) 
F'RIJI=VE(J)/ISQ~TCGR*HD(Jlll 

20 CO~TINUE 
RETURN 
END 

OYNAAOOO 
OYNA8010 
OVNA8020 
OVNA8030 
OYNA8040 
OYNA80SO 
OVNA80bO 
OYNAB070 
OYNABOBO 
0YNA8090 
OYNA8100 
OYNA8llO 
OYNA8l20 
OYNAtH 30 
OVNA8140 
OYNA81SO 
OYNA8l60 



PROGRAM MUSK 
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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 unsteady 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). 
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(2) Seven (7) 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 E, 

and single variable P through S. 

(3) Four (4) 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. 

(5) For added convenience, the input-output is described in the 

source file by using comment cards. 

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

U.S. Customary (lb-ft-sec). 

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

INDC 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. 

INDL 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.) 
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INDP 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. 

INDS 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 Flow area 

AL Coefficient a in discharge-area relation {Q = aAP) 

AI Coefficient a1 in top width-area relation (w = a1A bt) 

A2 Coefficient a2 in stage-discharge relation (y = a2Qb2 ) 

BE Exponent P in discharge-area relation {Q = aAP) 

Bl Exponent b1 in top width-area relation (w = a1Ab 1 ) 

B2 Exponent b2 in stage-discharge relation (y = a2Qb2 ) 
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,,,,,,,,,1''''/''''2''''/''''3''''/''''4''''/''''5''''/''''6''''/''''7''''/''''8 

UNSTEADY FLOU IN OPEN CHANNELS: PROGRAM HUSK/ EXAMPLE A A 

JUNE 16-20, 1980 B 

0000 c 
10 48 4 6.00 0 

0.01 1.67 200. o.ooo 0.0001 10000. 
0.01 1.67 200. 0.000 0.0001 10000. 
0.01 1.67 200. 0.000 0.0001 10000. 
0.01 1.67 200. o.ooo 0.0001 10000. 
0.01 1. 67 200. 0.000 0.0001 10000. E 
0.01 1.67 200. o.ooo 0.0001 10000. 
0.01 1.67 200. 0.000 0.0001 10000. 
0.01 1.67 200. o.ooo 0.0001 10000. 
0.01 1. 67 200. o.ooo 0.0001 10000. 
0.01 1.67 200. o.ooo 0.0001 10000. 
0.01 1.67 200. 0.000 0.0001 10000. 
200. 200. 200. 200. 200. 200. 200. 200. G 
200. 200. 200. 
213.63 253.59 317.157 400. 496.472 600. 703.528 800. 
882.843 946.410 986.370 1000. 986.370 946.410 882.843 800. 
703.527 600. 496.472 400. 317.157 253.59 213.63 200. H 
200. 200. 200. 200. 200. 200. 200. 200. 
200. 200. 200. 200. 200. 200. 200. 200. 
200. 200. 200. 200. 200. 200. 200. 200. 

,,,,,,,,,1''''/''''2''''/''''3''''/''''4''''/''''5''''/''''6''''/''''7''''/''''8 

Fig. 7 Program MUSK, Example A: Input 
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''''/''''1''''/''''2''''/''''3''''/''''4''''/''''5''''/''''6''''/''''7''''/''''8 

UNSTEADY FLOU 1N OPEN CHANNELS: PROGRAM MUSK/ EXAMPLE B A 

JUNE 16-20, 1980 B 

1111 c 
10 48 2 6.00 80 6 16 12.0 0.00 0.00 D 

0.01 1.67 200. 0.000 0.0001 10000. 98.0 0.007 
0.01 1.67 200. 0.000 0.0001 10000. 97.0 0.007 
0.01 1. 67 200. 0.000 0.0001 10000. 96.0 0.007 
0.01 1.67 200. 0.000 0.0001 10000. 95.0 0.007 
0.01 1.67 200. 0.000 0.0001 10000. 94.0 0.007 
0.01 1.67 200. 0.000 0.0001 10000. 93.0 0.007 F 

0.01 1.67 200. 0.000 0.0001 10000. 92.0 0.007 
0.01 1.67 200. 0.000 0.0001 10000. 91.0 0.007 
0.01 1 • 67 200. 0.000 0.0001 10000. 90.0 0.007 
0.01 1.67 200. 0.000 0.0001 10000. 89.0 0.007 
0.01 1.67 200. 0.000 0.0001 10000. 88.0 0.007 
200. 200. 200. 200. 200. 200. 200. 200.0 G 
200.' 200. 200. 
213.63 253.59 317.157 400. 496.472 600. 703.528 800. 
882.843 946.410 986.370 1000. 986.370 946.410 882.843 800. 
703.527 600. 496.472 400. 317.157 253.59 213.63 200. H 

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 I 

3 7 J 

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 K 
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. 

''''/''''1''''/''''2''''/''''3''''/''''4''''/''''5''''/''''6''''/''''7''''/''''8 

Fig. 8 Program MUSK, Example B: Input 
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MUSK------~USKINGUM•CU~GE F~OOO ROUTING METHOD wiTH ~ARIAB~E PARA~ETERS 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

UN~TEADY FLOW IN OPEN CHANNELS: PROGRAM ~USK/ EXA~PLE A 

JUNE l6•20t 1980 

INDC= 0 INDICATOR CA~ENOAR TIME 
INOLa 0 INDICATOR ~ATERAL INF~OW 
INOP= 0 INDICATOR PLOTTED OUTPUT 
INOS= 0 INDICATOR STAGE CALCU~ATION 

JR = 
JP 
NT = 
NTP 
TST a 
OT 

10 REACHES 
11 CROSS SECTIONS 
48 TIME STEPS 

4 PRINTED OUTPUT EVERY NTP TIME STEPS 
6.000 DAYS - TOTAL SIMU~ATION TIME 

e125 DAYS • TIME INTER~AL 

H Y 0 R A U L I C A N 0 C R 0 S S S E C T I D N A ~ P R ~ ~ E R T I E S 

J A~PHA BETA Al 81 S~OPE 0)( 

-------------------------------------------------------------·-·-----------------------------------------------------------
1 
?. 
3 
4 

5 
6 
7 
R 
9 

10 
11 

.0100 

.0100 

.0100 

.0100 

.0100 

.0100 

.0100 

.0100 

.0100 

.0100 

.0100 

1.6700 
1.6700 
1.6700 
1.6700 
1.6700 
1.6700 
1.6700 
1.6700 
1.6700 
1.6700 
1.6700 

200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 
200.0000 

o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 
o.oooo 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

10000.0000 
10000.0000 
10000.0000 
10000.0000 
10000.0000 
10000.0000 
10000.0000 
10000.0000 
10000.0000 
10000.0000 
10000.0000 

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

TIME STEP 0 

-----------------------------------------------------------------------------------------------------------------------J DISCHARGE AREA TeWIDTH J DISCHARGE AREA TeWI~HPi J DISCHARGE A~£A T.•IDTI'i 

----------------------------------------------------~------------------------------------------------------------------

1 200.0000 376.2418 200.0000 6 200.0000 376.2418 200.0000 9 200.0000 376.2,.18 ~oo.oooo 
?. 200.0000 376.2418 200.0000 7 200.0000 376e2418 200.0000 10 ?.00.0000 376.2418 ?00.0000 
3 200.0000 376.2418 200.0000 8 200.0000 376.2418 200.0000 11 ?.00.0000 376.2418 200.0000 
4 200.0000 376.2418 200.0000 
5 200.0000 376.2418 200.oooo 

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

V1 
N 



TIME STEP 4 

-----------------------------------------~-----------------------------------------------------------------------------J DISCHARGE AREA T.WIDTH J OISC"iARGE A~EA T.WIOTI'f J DISCHARGE A~EA T.wiOTH 

-----------------------------------------------------------------------------------------------------------------------
1 
2 
3 
4 
5 

400.0000 
337.5281 
286.4379 
249.7470 
226.5408 

569.8028 
514.7102 
466.5311 
429.7676 
405.3892 

200.0000 
200.0000 
200.0000 
200.0000 
200.0000 

6 
7 
8 

213.3482 
206.4257 
202.9943 

39lo0830 
383.4342 
379.6047 

200.0000 
200.0000 
200.0000 

9 
10 
11 

201.3608 
200.6061 
200.2655 

377.7726 
376.9;;»41 
376.5408 

200.0000 
200.0000 
200.0000 

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

TIME STEP 8 

-------------------------------------------------------------------·-------·-------------------------------------------,J DISCHARGE AREA TeWIDTH J DISCHARGE AREA ToWIOTi-1 J DISCHARGE AREA TolliiDTri 

-----------------------------------------------------------------------------------------------------------------------
1 
2 
3 
4 
5 

aoo.oooo 
735o811R 
666.0820 
592.0771 
516.2423 

862.9428 
820.7891 
773.2856 
720.6287 
663.8470 

200.0000 
200.0000 
200.0000 
200.0000 
200.0000 

6 
7 
8 

442.3260 
374.9213 
318.2949 

60So17f!1 
51+8ol335 
496.9415 

200.0000 
200.0000 
200.0000 

9 
10 
11 

274.9274 
244.7021 
225.3706 

455.2128 
4?4.5480 
404.1339 

200.0000 
200.0000 
?.00.0000 

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

TIME STEP 12 

-----------------------------------------------------------------------------------------------------------------------J DISCHARGE AREA T.WIDTH J DISCHARGE AREA T oWI:>TH J DISCHARGE ARE4 TelliiDTH 

-----------------------------------------------------------------------------------~----------------·------------------

1 
?. 
3 
4 
5 

1000.0000 
984.2331 
960.5701 
928.8435 
888.8456 

986.3067 
976.9651 
962.8316 
943o6608 
919.1133 

200o0000 
zoo.oooo 
200.0000 
200.0000 
200.0000 

6 
7 
8 

840.4220 
783.6323 
718.9855 

888.7935 
852.3269 
809.4978 

200.0000 
200.0000 
200.0000 

9 
10 
11 

647.7401 
572.1998 
495.8611 

760.4!=.34 
706.0427 
64f'o0266 

200.0000 
200.0000 
200.0000 

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

TIME STEP 16 

-----------------------------------------------------------------------------------------------------------------------J DISCHARGE AREA T.WIDTH J DISCHARGE A~EA ToWI:>fH J OISCHA~GE 4~EA T otHOT"i 

-----------------------------------------------------------------------------------------------------------------------
1 800.0000 862.9428 200.0000 6 924.0241 940.7258 200.0000 9 902.7609 927.7027 200.0000 
2 840.6098 888.9124 200.0000 7 925.2773 941.4896 200.0000 10 878.2286 912.5235 ?.00.0000 
3 873.1424 909.3552 200.0000 8 918.3098 937.2379 200.0000 11 844.3467 891.2765 200.0000 
4 j:~97.R504 924.6777 200.0000 

Fig. 9 (continued) 

IJ1 
w 



TIME STEP 20 

-·-----------------------------------------------------------·----------------·----------------------------------------J DISCHARGE AREA T.WIDTH J DISCHARGE A~EA TeWIOTH J DISCHARGE A~EA T etiiDHI 

-----------------------------------------------------------------------------------------------------------------------
1 
2 
3 
4 
5 

400.0000 
469.2448 
532.6346 
590.4464 
642.8223 

569.8028 
626.9678 
676.3901 
719.4396 
757.0008 

200.0000 
200.oooo 
200.0000 
200.0000 
200.0000 

6 
7 
8 

689.8073 
731.3687 
767.4029 

799.6630 
817.8171 
841.7124 

200.0000 
200.0000 
200.0000 

9 
10 
11 

791.1317 
822.1285 
840.2545 

861.4~09 
877.1c;77 
888.6874 

200.0000 
200.0000 
200.0000 

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

TIME STEP 24 

-----------------------------------------------------------------------------------------------------------------------J DISCI'tARGE AREA T.WIDTH J DISCHARGE A~EA TeWIOTH J DISCHARGE A~EA T.wiDTti 

-----------------------------------------------------------------------------------------------------------------------
1 
? 
3 
4 
5 

200.0000 
225.6975 
264.6268 
309.7404 
357.3626 

376.2418 
404.4849 
444.9218 
488.9002 
532.6141 

200.0000 
200.0000 
200.0000 
200.0000 
200.0000 

6 
7 
8 

405.5321 
453.1047 
499.3406 

574.5086 
613.9639 
650.7457 

200.0000 
200.0000 
200.0000 

9 
10 
11 

543.7085 
585.7863 
625.2068 

6q4.1761 
7lft.0340 
744.5099 

200.0000 
200.0000 
200.0000 

--------------------------------------------------------------------------------------------------·--------------------

TIME STEP 28 

---------------------------------------------------------------------------·--------------------------------------~--~-J DISCHARGE AREA TeWIDTH J DISC ... ARGE AREA TeWIDTH J DISCHARGE AREA T.wiOTti 

-----------------------------------------------------------------------------------------------------------------------
1 
2 
] 

4 
5 

200.0000 
200.5248 
203.4843 
211.6189 
226.6206 

376.2418 
376.8326 
380.1532 
389.1817 
405.4 746 

200.0000 
200.0000 
zoo.oooo 
zoo.oooo 
200.0000 

6 
7 
8 

248.3112 
275.3894 
306.3503 

428e2865 
455.6706 
485.6890 

200.0000 
200.0000 
200.0000 

9 
10 
11 

339.9035 
375.0437 
411.0015 

516.8762 
548o2406 
579.1359 

200.0000 
200.0000 
200.0000 

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

TirolE STEP 32 

-----------------------------------------------------------------------------------------------------------------------J DISCHARGE AREA T.WIOTH J DISCHARGE A~EA TeiiHOTH J DISCHARGE A~EA TeiiiDTH 

Fig. 9 (continued) 

\J1 
+:--



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
MUSK------~USKINGUM-CU~G£ FLOOD ROUTING METHOO wiTH VARI~BL£ PARAMETEqS 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

UNSTEADY FLOw IN OPEN CHANNELS: PROGRAM MUSK/ EXAMPLE B 

JUNE 1b-20t 1980 

INDC= 
JlljQLz 
INDP= 
I NOS= 

JR 
JP = 
"'T 
"lTP 
TST 
DT = 

I"'DICATOR CALENDAR TIME 
INDICATOR LATERAL INFLOw 
I~OICATOR PLOTTED OUTPUT 
INDICATOR STAGE CALCULATION 

10 REACHES 
11 CROSS SECTIONS 
48 TI~E STEPS 

2 PRINTED OUTPUT EVERY NTP TIME STEPS 
6e000 DAYS - TOTAL SIMULATION TIME 

e125 DAYS • TIME INTERVAL 

H Y 0 R A U L I C A N 0 C R 0 S S S E' C T I 0 ~ A Ll P R 0 P E R T I E S 

J ALPHA t:IETA Al 91 A2 82 

1 .0100 1.6700 200.0000 o.oooo 98.0000 ·0070 
? .0100 1.6700 200.0000 o.oooo 98.0000 .oo7o 
3 .0100 1.6700 200.0000 o.oooo 98.0000 ·0070 
4 .0100 1.6700 200.0000 o.oooo 98.0000 ·0070 
c; .0100 1.6700 200.0000 o.oooo 98.0000 .oo7o , .0100 1.6700 200.0000 o.oooo 98.0000 .oo7o 
7 .0100 1.6700 200.0000 o.oooo 98.0000 .oo7o 
R .0100 1.6700 200.0000 o.oooo 98.0000 ·0070 
9 .0100 1.6700 200.0000 o.oooo 98.0000 ·0070 

10 .0100 1.6700 200.0000 o.oooo 98.0000 ·0070 
11 .0100 1.6700 200.0000 o.oooo 98.0000 e0070 

Sl.O;:»E Dl( 

.0001 1oooo.oooo 

.0001 1oooo.oooo 

.0001 1oooo.oooo 

.0001 1oooo.oooo 

.0001 toooo.oooo 

.0001 1oooo.oooo 

.0001 10000e0000 

.0001 10000.0000 

.ooot 1oooo.oooo 

.0001 toooo.oooo 

.0001 10000.0000 

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

TIME STEP 0 CALE~DAR TIME 80/06/16 12too:oo 

---------------------------------------------------------------------------------------------------------------------J DISCHARGE AREA TOP wiDTH STAGE J DISC~A~GE AREA TOP wli>f"' STAGE 

---------------------------------------------------------------------------------------------------------------------
1 200.0000 376.2418 200.0000 101.7029 7 200.0000 376.2418 200.0000 101.7029 
2 200.0000 376.2418 2oo.oooo 101.7029 8 200.0000 376.2418 200.0000 101.7029 
3 200.0000 376.2418 2oo.oooo 101.7029 9 200.0000 376.2418 200e0000 101.7029 
4 ?.00.0000 376.2418 200.0000 101.7029 10 200.0000 376.2418 zoo.oooo 101.7029 
5 ?.00.0000 376.2418 200.0000 101.7029 11 2oo.oooo 376.2418 zoo.oooo 101.7029 
6 200.0000 376.2418 zoo.oooo 101.7029 

---------------------------------------------------------------------------------------------------------------------
TIME STEP 2 CALE~OAR TIME 80/06/16 18100:00 

---------------------------------------------------~-----------------------------------------------------------------

Fig. 10 Program MUSK, Example B: Sample of Output 

\.n 
\.n 



1 253.5900 433.7154 2oo.oooo 101.8720 7 207.2358 384.3346 200o0000 101.7282 
2 225.39!)0 404.1601 2oo.oooo 101o78RO 8 289.0488 469.0728 200o0000 101.9654 
3 211.1359 388.6495 200.0000 101.7415 9 258.8409 439o0709 200o0000 101.8867 
4 247.6409 427.5938 2oo.oooo 101.8551 10 231o3657 410.5373 200o0000 101.8067 
5 230.2418 409.3421 200.0000 101.8032 11 2U.8027 392.6773 200o0000 101.7537 
6 215.6137 393.5643 2oo.oooo 101.7564 

---------------------------------------------------------------------------------------------------------------------
TIME STEP 4 CALE~DAR TIME 80/06/17 00100100 

---------------------------------------------------------------------------------------------------------------------J DISCHARGE A OlEA TOP IIIIDTH STAGE J DISC>4AOIG£ AREA TOP .n:>T>i STAGE 

---------------------------------------------------------------------------------------------------------------------
1 400.0000 569.8028 2oo.oooo 102.1976 7 234.7654 4l4ol390 200.0000 101.8171 
2 337.5281 514.7102 200.0000 102o0761 8 319.9392 49~.4770 zoo.oooo 102.0379 
3 286.4379 466.5311 200.0000 101.9589 9 304o0839 483o5342 200o0000 102.0016 
4 299.6106 479.2622 200.0000 101.9910 10 283.5418 463.7007 zoo.oooo 101.9517 
5 273.5986 453.8939 2oo.oooo 101.9262 11 260o5089 440.7630 200.0000 101.8912 
6 252.3725 432.4673 2oo.oooo 101.8686 

---------------------------------------------------------------------------------------------------------------------
TI"'E STEP 6 CALE~DAR TIME 80/06/17 06100100 

---------------------------------------------------------------------------------------------------------------------J DISCHARGE AREA TOP ~lOTH STAGE J OISC>iARGE AREA TOP IIIIIOT>i STAGE 

1 600.0000 726.3876 2oo.oooo 102.4880 7 295.7200 475.5258 200o0000 101.9817 
2 526.8336 671.9692 200.0000 102.3948 8 367o6533 541.7457 200.0000 102.1372 
3 453.8539 614.5716 2oo.oooo 102.2880 9 346o4955 522o8556 200o0000 102.0949 
4 436.5629 600.4421 200.0000 102.2601 10 327o0170 505o0514 200o0000 102.0535 
5 379.8737 552.4576 2oo.oooo 102.1606 11 307.0514 486.3543 200.0000 102.0085 \J1 
6 333.0544 510.6143 200.0000 102.0666 0'\ 

---------------------------------------------------------------------------------------------------------------------
TIME STEP 8 CALE~OAR TIME 80/06/17 12:00100 

----------------------------------------------------------------------------------------------------------·----------J DISCHARGE AREA TOP ~lOTH STAGE J DISC>iA~GE AREA TOP WDH STAGE 

1 aoo.oooo 862.9428 2oo.oooo 102.6946 7 434.3991 598.6583 200o0000 102.2566 
2 735.8118 820.7891 2oo.oooo 102.6345 8 478.6808 634.4871 200o0000 102.3261 
3 666oOB20 773.2856 200.0000 102.5630 9 434.8459 599o0269 200.0000 102.2573 
4 643.1120 757.2051 2oo.oooo 102.5378 10 398.4528 56fh4820 200.0000 102o194R 
5 570.5482 704.8217 2oo.oooo 102.4519 11 367.8529 541.9218 200o0000 102.1376 
6 499o921i4 651.2051 2oo.oooo 102.3572 

---------------------------------------------------------------------------------------------------------------------
TIME STEP 10 CALE~DAR TIME 80/06/17 18100100 

--------------------------------------·---------------------·--------------------------------------------------------· J DISCHARGE AREA TOP WIDTH STAGE J OISC>iA~GE AREA TOP •i1IOTI1 STAGE 

---------------------------------------------------------------------------------------------------------------------
1 946.4100 954.3072 2oo.oooo 102.8155 7 642o3011 756.6333 200o0000 102.536Q 
2 903.2101 927.9791 200.0000 102.7819 8 671.1274 776.7878 200o0000 102.5684 
3 852.6377 896.5068 200.0000 102.7404 9 605.4394 730.3237 200o0000 102.4945 
4 845.2704 891.8602 zoo.oooo 102.7342 10 544.4673 685.3481 200o0000 102.4184 
5 782.3836 851.5134 2oo.oooo 102.6786 11 489o 74 74 643.2304 200o0000 102.3425 
6 714.1748 806.2501 2oo.oooo 102.6131 

Fig. 10 (continued) 
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DX Reach length 

KLI Number of locations with lateral inflow 

QD Discharge 

QI Inflow discharge 

PLN Auxiliary array for plotting purposes 

QLI Lateral inflow discharge 

QPL Auxiliary array for plotting purposes 

RBE Auxiliary variable 

SL Average channel bed slope 

ST Stage 

WT Top width 

YPL Auxiliary array for plotting purposes 
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6. PROGRAM LISTING 

c•••••••••••••••••••••••••o•••••••••••••••••••••••••••o••••••••••••••••o•••••••• 
C* * 
C* * 
C* M U S K o 
c• * 
c• * 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••o•••••••••••••••• 
c• • 
C*****DEVELOPED ENGINEERING RESEARCH CENTER, COLORAD~ STATE * 
C* UNIVERSITY, FOQT COLLI~s, COLORADO 80523. * 
C* * 
C*****DESCRIPTION MUSK IS A GENERALIZED CO~PUTER PROGRAM FOR THE * 
C* COMPUTATION OF FLOOD •AVES USl~G THE MJSKI~GUM * 
C* METHODe THE FLOOD ROUTING PARA~ETERS A~E CALCULATED * 
C* BY USING CUNGE"S FORMU~~S. * 
C*****CORE USAGE CENTRAL MEMORY REQUIRE~E~TS= 100000 OCTAL' * 
c• • 
c• • 
C*****VERSION MK1t MAY 1980. 0 

c• • 
C*****DISCLAIMER THIS PROGRAM IS ACCEPTED AND USED BY T~E RECIPIENT * 
C* UPON THE E~PRESS UNDERSTANDING T~AT THE DEVELOPERS * 
C* MAKE NO ~ARRA~TIESt EXPRESSED OR IMPL~EDt CONCE~~ING * 
C* THE ACCURACYt COMPLETE~ESS, RELIABlLITY OR SUITABILITY o 
C* FOR ANY ONE PA~TICULA~ PJRPOSE, AND THAT T~E DEVELOPERS * 
C* SHALL BE UNDER NO LIABILITY TO A~Y PERSON BY REASON * 
C* OF ANY USE MADE THEREOF~ * 
c• • 
C*****SUBROUTINES NAME DESCRIPTION * 
C* * 
C* CALE CALENDAQ TIME CALCJLATIO~ * 
C* COMP MAIN CO~PUTATIONS * 
C* I~CO INPUT OF INITIAL. CONDITIONS * 
C* INDA INPUT OF DATA * 
C* PLOT PLOTS OUTPUT * 
C* PRIN PRINT RESULTS wiTHOUT STAGE CALCULATION * 
C* PRIX PRINT RESULTS wiTH STAGE CALCULATION * 
c• * 
C*****I~DICATORS FOR PROGRAM OPTIO~S * 
C* * 
C* NAME DESCRIPTION * 
c• • 
C* INDC CALENOAQ TIME OPTION * 
C* 0= NO CALENDA~ TIME CAPABILITY * 
C* 1= CALENDAR T I ~E CAPABILITY * 
C* INDL LATERAL INFLO~ OPiTIO~ o 
C* 0= NO LATERAL INFLOW CAPABILITY * 
C* 1• LATERAL INFLO• CAPABILITY * 
C* INDP PLOTTED OUTPUT OPHON • 
C* 0= NO PLOTTED OUTPUT CAPABILITY * 
C* 1= PLOTTED OUTPUT CAPA31LITY * 
C* lNDS STAGE COioiPUTATIO~ OPTION • 
C* 0= NO STAGE CO~PJTATIO~ CAPABILlTY * 
C* 1= STAGE COMPJTATION CAPABILITY • 
c• • 
C*****INPUT DESCRIPTION * 
c• • 
C* CARD NUMBER DESCRIPTION FORMAT o 
C* * 
C* A NAME OF RUN 40A2 * 



c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 
c• 

B 

c 

0 

E 

F 

G 

J 
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DATE OF RU~ 

INPUT OF INDICATORS FO~· PROGRAM OPTIONS 

40A2 

8011 

.. 
• • • • 

INPUT OF OISCRETIZATIO~ DATA A~O INITIAL TIME CALENDAR • • • • 
• 

JR+I 

JR+l 

CJR+lt/8 

NT/8 

(JFCINOC.EQ.Ol ~0 NEED TO ENTER YEARtMONTHtOAYt 
HOURtMlNtSEC 

(JRtNTtNTP) 
crsn 
CVEARtMONTHtOAY) 
CHOURtMINtSECJ 

(JF(INOS.EQ.O) READ CA~O Et CJR+l) TIMES) 

HYDRAULIC AND CROSS•SECTIONA~ CHARACTERISTICS 
(AL(JltBECJ)tAl(J)t8l(JltSLCJJ,DXCJ)) 

tJFtiNOS.EQ.l) READ CARD Ft CJR+ll TIMES> 

HYDRAULIC AND CROSS•SECTIO~A~ CHARACTERISTICS 
ALlJ)t8ECJ)tAl(JltBl(J)t5L(J)t0X(J)tA2tJ)t82(J)) 

INITIAL CONDITIONS 
CQCJ)t J=ltCJR+l)) 

BOUNDARY CONDITIONS 
(QI CNJ t N=ltNT) 

liF(JNOL.EQ.lJ READ CA~OS ItJt AND ~ 

NU~BER OF REAC~ES WITH LATERAL I~FLO~t NL1 
(~AXIMUM NUMBER OF REACHES• 8) 

REACH LOCATION wiTH LATERAL• INFLOW 

NLI*CNT/8) LATERAL INFLO• 

3IS • 
Flo.o • 
315 .. 
3Flo.o • 

• • • 
Bflo.o • 

• • • • 
sno.o • 

• • 
8F1o.o • 

• • 
ano.o • 

110 

110 

• • .. 
• .. 
• • • • 

C*****DUTPUT DESCRIPTION 

sno.o • 
• .. 

c• 
C* JFllNDS.EQ.oJ CALL PRIN• DISCHARGEt FLOW AREAt TOP WIDTH 
c• 
c• IFCINOS,EQ,}) CALL PRIS• DISCHARGE• FLOW AREAt TOP wiOTHt STAGE 

* • • 
c• 
C*****NOTE THIS PROGRA~ CAN BE OPERATED IN S.I. U~ITSCMETRJCJ OR 

u.s. CUSTOMARY <L8•FT•SECt. 

* • 
* • c• 

c• * c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 

PROGRAM MUSKlOUTPUTtTAPE6:0UTPUTtTAPE5) MUSK 10 
COMMON/A/ QQ(l0lt2)tARC10lt2JtWTCl01t2) MUSK 20 
COMMON/8/ 5LC101),0XC101JtA~Cl0l)t9Etl0l)tAlCl01JtB1C101JtRBEC101JMUSK 30 
COMMONIC/ STC10l)tA2Cl01Jt82(101) MUSK 40 
COMMON/0/ QICS01JtQLIC8tSOlJt~Ll(8) MUSK 50 
COMMONIEI PLN(5QO),QPLlSOOltQPLMtYPL(500JtYPLM MJSK bO 
COMMON/PI INOLtiNDStlNDPtlNDC MUSK 70 
COMMON/Q/ JRtJP,NTtNLtOTtDTStNLitNNt~TP MUSK 80 
COMMON/R/ RUNC40)t0ATEC40l MUSK 90 
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CO~~ON/S/ YEARt~ONTHtOAYtHOJRtMINtSEC~lHOURtl~INtiSEC 
INTEGER YEARtMONTHtOAY 
REAL MIN 
CALL INOA 
CALl INCO 
Jr(JNDS.EO.olCALL PRINtOJ 
lFClNDS.EQ.l)CALL PRIXlOJ 
NN•2 
QPt.~ao.o 

YPt.M•O.O 
DO 10 N::1tNT 
IPRa~OO(NtNTPl 

CALL COMPCN) 
IFCINDCeEOe1lCALL CALECOTS> 
IF<IPR.NE.O)GO TO 10 
IFCJNDS.EQ.O)CAt..t.. PRINCN. 
Jr(JNOS.EQ.1)CALL PRIXCNl 

10 CONTINUE 
IFCINDP.EQ.1)CALL Pt..OTCNT) 
STOP 
ENO 

~USK 100 
MUSK 110 
MUSK 120 
MUSK 130 
MUSK 140 
MUSK 150 
MUSK 160 
MUSK 170 
MUSK 180 
MUSK 190 
MUSK ZOO 
~IJSK 210 
MUSK 220 
MUSK 230 
MUSK 240 
MUSK 250 
MUSK 260 
MUSK 270 
MUSK 280 
MUSK 290 
MUSK 300 
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C HUSK 310 
SUBROUTINE CALE(TINTI MUSK 320 
CO~MON/S/ YEARtMONTHtOAYtHOURtMINtSECtlHOURtiMINtiSEC MUSK 330 
INTEGER YEARtHONTHtOAYtOtHtCHECK HUSK 340 
REAL HOURtMINtSEC HUSK 350 
ST= lHOUR•3600,+IHIN*60,+ISEC•l,+TlNT HUSK 360 
H• ST/3600, +0,01 HUSK 370 
0= H/24 +0e01 MUSK 380 
IFCO,GTeOI GO TO 10 MUSK 390 
lHOUR•H MUSK 400 
IMIN= CST•H•3600ei/60,+0,01 MUSK 410 
ISEC= ST•H•3600,•IMIN*60,+0,0l MUSK 420 
RETURN MUSK 430 

10 OAY=OAY+O MUSK 440 
IFCDAY.GT,Jl ,AND• MONTH,EQ,l ,OR, 0AY.GT,31 ,AND, HONTH.EQ,3 MUSK 450 

1eOR, OAY,GT,Jl ,AND. MONTH.EQ,S .ORe OAY.GTe31 eANOe MONTH.EQ.7 MUSK 460 
2eOR, OAY.GT,31 ,ANO, MONTH.EQ.8 ,ORe OAYeGTe31 .A~O. MONTH.EQ,lOI MUSK 470 
JGO TO 30 MUSK 480 

IFCOAY.GT.3l ,AND. MONTH,EQel21 GO T~ SO MUSK 490 
IFCDAY.GTe30 ,AND• MONTH,EQ.4 .OR, DAYeGT,30 .AND, HONTH.EQ,6 .OR,MUSK 500 

1DAY.GT,30 eANDe MONTH.EQ,9 .OR. DAYeGTe30 eA~O. MO~l~.EQ.ll1GOT060MUSK 510 
IFCDAY,GT.28 ,AND. MONTH,EQ,21 GO TO 70 MUSK 520 

20 IHOUR• CST•D*86400,)/3600,+0,0l MUSK 530 
lMIN• CST•D•86400e•IHOUR*3600.I/60,+0,01 MUSK 540 
ISEC• ST•0•86400e•IHOUR•36UO,•IMIN•60, MUSK 550 
RETURN MUSK 560 

30 MONTH=MONTH+l MUSK 570 
IFCMONTH.GT,l21 GO TO SO MUSK 5~0 
1FCMONTH.EQ,21 GO TO 40 MUSK 590 
DAY•OAY•31 MUSK 600 
1FCDAY.GT,31 ,AND. MONTH.EQ.71 GO TO 30 HUSK 610 
IFCDAY,GT.Jl ,AND. HONTH.~E.71 GO TO 60 MUSK 620 
GO TO 20 HUSK 630 

40 MONTH•HONTH-1 MUSK 640 
GO TO 70 MUSK 650 

50 YEAR•YEAR+1 MUSK 660 
MO~TH•l MUSK 670 
OAY•DAY•31 HUSK 680 
IFCDAY.GT.311 GO TO 70 MUSK 690 
GO TO 20 MUSK 700 

60 HONTH•MONTH+1 MUSK 710 
OAY•OAY•30 MUSK 720 
IFCOAY,GT,JOI GO TO 30 MUSK 730 
GO TO 20 MUSK 740 

70 CHECK=YEAR/4 MUSK 750 
REST•FLOATCYEARI•CHECK•4, MUSK 760 
IFCREST,EQ.o.l GO TO 80 MUSK 770 
MONTH•MONTH+1 MUSK 780 
OAY•OAY•28 MUSK 790 
GO TO 20 MUSK 800 

80 IFCDAY.EQ.291 GO TO 20 HUSK 810 
MO~TH•MONTH+l MUSK 820 
DAY•OAY•29 MUSK 830 
IFCOAY.GT,Jtl GO TO 60 MUSK 840 
GO TO 20 MUSK 850 
END MUSK 860 
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C MUSK 870 
SUBROUTINE COMPC~I MUSK 880 
CO~MON/A/ QOC101t21tARC10lt21tWTC10lt2) MUSK 890 
CO~MON/8/ 5LC10l)tDXC10l)tA~Cl0lltBEC10lltA1ClOllt81C10lltRBEC10l)MUSK 900 
CO~MON/C/ 5TC10lltA2Cl01),82Cl01) MUSK 910 
COMMON/0/ QICSOlleQLIC8tSOllt~LIC81 MUSK 920 
COMMON/E/ PLNCSOOitQPLCSOOitQPLMtYPLCSOOitYPLM MUSK 930 
COMMON/PI INDLtiNDStiNOP,INOC MUSK 9•o 
COMMON/Q/ JRtJP,NTtNLtDTtOTSt~LitNNt~~P. MUSK 950 
QDClt21•QI(N) MUSK 960 
DO 30 J~ltJR MUSK 970 
ARCJt21=CQD(J 1 2)/AL(JII**RBECJI MUSK 980 
WTCJt21=AlCJI•ARlJt21**BlCJI MUSK 990 
QwAVE•Oe333J*(QQ(Jtli/WTCJtl)+QD(J+ltli/~T(J+ltli+QDCJt21/wTCJt21)MUSK1000 
CEAVE•Oe3333*CBECJ)•QDCJtl)/ARCJtli+8ECJ+l)*~DCJ+ltl)/ARCJ+ltl) MUSK1010 

1 +BECJ)*QOCJt21/ARCJt211 MUSK1020 
C=CEAVE*OTS/OXCJI MUSKlOJO 
D•QWAVE/CSLCJI*CEAVE*OXCJ)) MUSK1040 
CD•le+C+O MUSK10SO 
Cl=Cle+C•D)/CO MUSK1060 
C2=C•le+C+0)/CD MUSK1070 
CJ=Cle•C•DI/CO MUSK1080 
QDCJ+lt21•C1*QOCJtli+C2*QDCJt21+CJ*QOCJ+ltl) MUSK1090 
IFCINDL.EQeOIGO TO 30 MUSKllOO 
DO 20 K=ltNLI MUSKlllO 
IFCJ•KLI(K))30tl0t20 MUSK1120 

10 QO(J+lt21•QOCJ+lt2)+(2e*C/COI*QLICKt~l MUSKllJO 
GO TO 30 MUSK1140 

20 CONTINUE MUSKllSO 
30 CONTINUE MUSK1160 

JFCINOS.EQ.OIGO TO 50 MUSK1170 
DO 40 J=ltJP MUSKll80 

40 STCJI=A2CJ)•QO(Jt21•*82(J) MUSK1190 
50 CONTINUE MUSK1200 

QPL(NI•Q0(JPt21 MUSK1210 
IFCQPLMeLT.QPLCNI)QPLM=QPLCNI MUSK1220 
IFCINDS.EQ.OIGO TO 60 MUSK12JO 
YPLCNI•ST(Jp) MUSK1240 
IFCYPLMeLTeYPLCNIIYPLM=YPLC~) MUSK1250 

60 CONTINUE MUSK1260 
PLNCNI•FLOATCNI MUSK1270 
ARCJPt21•CQO(JP 1 21/ALCJP))**QBECJPI MUSK1280 
WTCJPt21•AlCJP)*ARCJPt21**BlCJP) MUSK1290 
DO 70 J•ltJP MUSKllOO 
QOCJtli•QDCJt2) MUSKlllO 
ARCJtli•ARCJt2) MUSKll20 

70 wTCJtl)•WTCJt2) MUSKllJO 
RETURN MUSK1340 
END MUSKllSO 
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c MUSKll60 
SUBROUTINE JNCO MUSK1370 
COMMON/A/ QDC10lt2)tARll0lt2)tWTl10lt2) MUSK1380 
COHMON/8/ 5L(l0lltOXC10l)tAL(l0l)t8EC10l)tAlC10l)t9ll10l)tR8EC10l)MUSKl390 
COMMON/C/ STtlOlltA2t10l)t82Cl01) MUSK1400 
COHHON/0/ QJ(501),QLIC8t501)tKLlf8) MUSK1410 
COMMON/PI INOLtiNOStiNDPtlNOC MUSK1420 
COMMON/Q/ JRtJP 1 NTtNLtDTtOTStNLitNNt~TP MUSK14JO 
N•O MUSK1440 

c 
C**** CARD G• INITIAL CONDITIONS 
C CQO(J,lltJ•ltJP) 
c 

c 
C**** CARD H• BOUNDARY CONDITIO~S 
C CQl(N)tN•ltNT> 
c 

c 

READC5tl00) (QJ(~)tN•ltNT) 
IFCINDL.EQ.olGO TO 20 

C**** CARD I• NUMBER OF REACHES WITH LATERAL Jl>fFLOw 
c 

REA0t5t200)NLI 
c 
C**** CARD J• REACH LOCATION WITH LATERAL INFLOW 
c 

c 
READC5t200) CKLl CK) tK•ltNLI) 
DO 10 K•hNLl 

C**** CARD K• LATERAL INFLOW 
c 

10 READC5tl00J CQLICK,NltN•ltNT) 
20 CONTINUE 

00 30 J=ltJP 
RBElJ)•le/BE(J) 
ARCJtl):(QDCJ 9 l)/ALIJ))**RBECJl 

30 wT(Jtll•AllJ)*ARCJtll**BlCJ) 

40 
50 

100 
200 

IFtiNDS.EQeOlGO TO 50 
DO 40 J•ltJP 
STCJ)•A2CJl•QOCJtll**B2(J) 
CONTINUE 
FORMAT C8FlO.O) 
FORMAT C81l0) 
RETURN 
END 

MUSK1450 
MUSK1460 
MUSK1470 
MUSK1480 
HUSK1490 
MUSK1500 
MUSKlSlO 
MUSK1520 
MUSK15JO 
MUSK1540 
MUSK1550 
MUSK1560 
MUSK1570 
MUSK1580 
MUSK1590 
MUSK1600 
MUSK1610 
MUSt<l620 
MUSK16JO 
MUSK1640 
MUSt<l650 
MUSK1660 
MUSK1670 
MUSK1680 
MUSI<l690 
MUS1<1700 
MUS1<11l0 
MUSK1720 
MUSK17JO 
MUSt<l740 
MUSK1750 
MUSK1760 
MUStU770 
MUSK1780 
MUSKl790 
MUSK1800 
MUSK1810 



c 

c 

65 

MUSK1820 
SUBROUTINE INOA MUSK1830 
COMMON/8/ SL(l0llt0X(l0li,ALC10l)t8E(l0lltA1(10l)t81(1011tRBEC1011MUSK1840 
COMMON/C/ STC10lltA2(10llt62Cl011 MUSK1850 
COMMON/PI INOLtiNDStiNOPtlNOC MUSK1860 
COMMON/Q/ JRtJP,NTtNLtOTtOTS,NLitNNt~~p HUSK1870 
COMMON/R/ RUN(40ltDATEC40) MUSK18BO 
CO~MON/S/ YEARtMONTHtDAYtHOJRtMINtSEC~IHOURtiMINtiSEC HUSK1890 
INTEGER YEARtMONTHtDAY MUSK1900 
REAL MIN HUSK1910 

C•••• CARD A- RUN(L)• NAME OF RUN 
c 

HUSK1920 
HUSK1930 
MIJSK1940 
HUSK1950 
MUSK1960 
MUSK1970 
MUSK1980 
MUSK1990 
MUSK2000 
MUSK2010 
MUSK2020 
MUSK2030 
MUSK2040 
MUSK2050 
MUSK2060 
MUSK2070 
MUSK2080 
MUSK2090 
HUSK2100 
MUSK2110 
MUSK2120 
MUSK21JO 
MUSK2140 
MUSK2150 
MUSK2160 
MUSK2170 
MUSK2180 
MUSK2190 
MUSK2200 
MUSK2210 
MUSK2220 
MUSK2230 
MUSK2240 
MUSK22SO 
MUSK2260 
MUSK2270 
MUSK2280 
MUSK2290 
MUSK2lOO 
totUSK23lO 
MUSK2320 
MUSK23JO 
totUSK2l40 
totUSK2350 
totUSK23bO 
MUSK2370 
totUSK2380 
MUSK2390 
14USK2400 
14USK2410 

REAOC5tl00) CRUNCLltl=lt40) 
c 
C•••• CARD 8• DATE<Ll• DATE OF RU~ 
c 

READCStlOOI CDATECLI tl=lt40) 
WRITEC6t300) (RUNCLitL•lt40itCDATECLitL=lt40) 

c 
C•••• CARD C• INPUT OF INDICATORS 
c 

c 
c•••• 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c•••• 
c 
c 
c 
c 
c 
c 
c 

READC5t200)INOC 1 INDLtiNOPtl~DS 

CARD D• INPUT OF DISCRETIZATION DATA 
JR• NUMBER OF REACHES 
NT• NUMBER OF TIME STEPS 
NTP• PRINTED OUTPUT EVERY NT~, TIME STEPS 
TSh TOTAL SIMULATIO~ TIME l~· DAYS 
YEAR= INITIAL YEAR FOR CALEN~AR COMPuTATIO~ 
MONTH• INITIAL MONTH FOR CALENDAR CO~PUTATION 
DAY= INITIAL DAY FO~ CALENDA~ COMPUTATION 
HOUR• INITIAL HOUR FOR CALENDAR COMPUTATION 
MIN• INITIAL MINUTE FOR CALE~OAR COM~UTATION 
SEC• INITIAL SECOND FOR CALE~OAR COMPUTATION 

READC5tll00)JRtNTtNTPtTSTtYEARtMONTHtDAYtHOURtMINtSEC 
JP=JR+l 
OT•TST/FLOATCNT) 
OTS•OT*86400e0 
WRITEC6t400)1NDCtiNDLtlNOPtiNDStJR,J~~NTtNTPtTSTtOT 
NL.•NT+l 
IHOUR•HOUR 
IMIN•MIN 
ISEC=SEC 
IFCINDS.EQ.llGO TO 20 
WRITE C6t500) 
DO 10 J:l,Jp 

CARD E- HYDRAULIC AND CROSS SECTIONAl..! CHARACTERISTICS 
AL(J): COEFFICIENT ALPHA IN JlSCHARGE•AREA RELATION 
BE<Jl• EXPONENT BETA IN DISCHARGE-AREA RELATION 
Al(J): COEFFICIENT Al IN TOP wiOTH-A~E~ RE~~TION 
Bl(Jl• EXPONENT Bl IN TOP wlOT~-AREA RELATIO~ 
SL(J): AVERAGE C~AN~EL BED S~O~E 
DX(J)c REACH LENGTH 

READCSt600lAL.(J) tBECJ) tAl (J) tBl (J) tSL.l(J) tOK(Jl 
10 WRITEC6t700)J 9 ALCJitBECJltAl(J)e81CJltSL(J)t~XCJ) 

wRITE C6tl000l 



c 

GO TO 40 
20 WRITE C6t800) 

DO 30 J•ltJP 
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c•••• 
c 

CARD F• HYDRAULIC AND CROSS SECTIONA~l CHARACTEQISTICS 
ALCJ)• COEFFICIENT ALPHA IN OlSCHARGE•AREA RELATION 
8E(J)• EXPONENT BETA IN DISCHAKGE•AREA RELATION 
Al(J)• COEFFICIENT AI IN TO~ ~IOTH•A*EA R£L~Tl0N 
Bl(J)• EXPONENT 81 IN TOP WIOTH•AREA RELATIO~ 
SLCJl• AVERAGE CHANNEL BED SLOPE 

MIJSK2420 
MIJSK2430 
MIJSK2440 
MIJSK2450 
MIJSK2460 
MIJSK2470 
MUSK2480 
MIJSK2490 
MIJSK2500 
MIJSK2510 
MIJSKZ520 
MUSK2530 
MUSK2540 
MIJSK2550 

c 
c 
c 
c 
c 
c 
c 
c 

DXCJ)• REACH LENGTH 
A2(J)• COEFFICIENT A2 IN STAGE•DISCHARGE RELAflO~ 
82CJ) EXPONENT B2 IN STAGE•OISCHARGE RELATION 

READC5t600)ALCJ)t8E(J)tAlCJ)t81(JJtSL~J)tDXtJ)tA2(J)t82CJJ MUSK2560 
30 WRITE(6t900)JtAL(J)t8EtJJtA1(J),81CJJtA2CJltB2CJJtSLCJ)t0XCJ) MIJSK2570 

WRITE C6t 1200) MuSK2580 
40 CONTINUE MLISK2590 

100 FORMATC40A2» MUSK2600 
200 FORMATC8011J MUSK2610 
300 FORMATC1Hlt2(/),l32ClH*)//30Xn MUSK••••••MIJSKINGUM•CIJNGE FLOOD ROuMUSK2620 

lTING METHOD WITH VARIABLE PAI:lAMETERS 11//132UH*lll/lX40A21/lX40A21)MuSK2630 
400 FORMATt" INDC•"I2" INDICATOR CAt..ENDA~• Tl'4E*'/ MIJSK2640 

1 " 1NDL•"I2*' INDICATOR LATERAL !~FLOW*'/ MIJSK2650 
2 " INOP•"IZ" INDICATOR PLOTTED OJTF'Ul"l MIJSK2660 
3 " INDS•"t2" INDICATOR STAGE CALCULATION"// MUSK2670 
4 n JR •"Il0" REACHES"/ MUSK2680 
S '* JP •"Il0" CROSS SECTIONStt/ MIJSK2690 
6 '* NT •'*110" TIME STEPStt/ MUSK2700 
7 " NTP •"110" PRINTED OUTPUT EvE~Y NTP TIME STEPStt/ MUSK2110 
8 " TST •"F10,3" DAYS • TOTAL. SIMIJLATIO~ TIME••/ MUSK2720 
9 u DT •"Fl0,3" DAYS • TIME !NfERVALn/1) MUSK2730 

500 FORMATC16XtttH Y D R A U ~ I C A N 0 C R 0 S S S E C T I 0 ~ A LMUSK2740 
1 p R 0 p E R T I E SU//lXtl23UH•)/UfiJtfl8X"ALPHAff15X"BETA"l6X"A1MUSK2750 
2"17X"81"15X••SLOPE"15Xtt0X"Illttl23C lH•) I ) MIJSK2760 

600 FORMATC8F10,0) MUSK2770 
100 FORMATClSt3Xt3F20.4t2F18.4tFl9t4) MIJSK2780 
800 FORMATC23X,nH Y D R A U L I C A N 0 C Q 0 S S S E C T I 0 N A LMUSKZ790 

1 P R 0 ~ E R T I E S"lllXtl31(1H•)/4X"J"12X"At..PHA"llX"8ETA"lZXttAlMIJSK2800 
2"l3X"Bl"l3XttA2"13X"82"llX"SLOPEttllX"OX"IlXtl3lllH•)/ I HUSK2810 

900 FORHATCIStlXt3F16•4•fl4.4t2FlS,4tF14,4tFl7•4) MUSK2820 
1000 FORMATClltl23ClH•J///) MIJSK2830 
1100 FORHATC3IS,Fl0 1 0•315t3Fl0,0) MIJSK2840 
1200 FORMATC1Xtl31(1H•)I//) HUSK2850 

RETURN MUSKZ860 
END HUSK2870 
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C MUSK2880 
SUBROUTINE PLOTtNTJ MUSK2890 
COMMON/£/ PLNC500l,QPL(500)t0PLMtYPL(500JtYPLM MUSK2900 
COMMON/PI INOLtl~OStlNOPtiNuC MUSK2910 
OIMENSION ITITLEC2JtKTlTLE<2)tJTITLEC8JtNTITL£{8) MUSK2920 
DATA ITITLE(l)tiTITL£(2)/lOHTIME STE~ t5HSTAGE/ MUSK2930 
DATA KT1TLEfl)tKTITLEC2JilOHTIME STE~ t9HD1SCHARGE/ MUSK2940 
DATA JTITLEilOHDISCHARGE tlOHHYDROGRAPHtlOH AT J•JPtS*lOH MUSK2950 

1 I MUSK2960 
OATA NTITLEI 7HSTAGE lOHHYOROG~APHtlOH AT J:JPtS*lOH MUSK2970 

1 I MUSK2980 
T•FLOATCNT) MUSK2990 
CALL MAPA(5,PLN,QPLtltNTtlttTtOPL(l}tQPLMtKTITLECl)tKTlTLEC2ltJTITMUSK3000 

lLEtl) MUSK3010 
IFCINDS.EQ,Q)GO TO 10 MUSK3020 
CALL MAPAC5,PLN,YPLtltNTtl•tTtYPLll)tYPL~tlTITLECl)tlTITLE(2lt~TITMUSK3030 

lLEtl) MUSK3040 
10 RETURN MUSK3050 

ENO MUSK3060 
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C MUSK3070 
SUBROUTINE PRINCN) MUSK3080 
COMMON/A/ Q0(10lt2)tARC101t2)tWTll01t2) MUS~3090 
COMMON/PI INOLtiNOStiNOPtiNOC MUSKllOO 
CO~MON/Q/ JRtJPtNTtNLtOTtOTStNLitNNt~TP MUSK3110 
COMMON/51 YEARtMONTHtOAYtHOURtMINtSEC~IHOURtiMINtiSEC MUSK3120 
INTEGER YEARtMONTHtOAY MUSK3130 
REAL MIN MUSK3140 
IF CINOC,NE .1) GO TO 10 MUSK3150 
WRITEC6t400)N,YEAR,MONTHtOAYtiHOURtl~l~tiSEC MUSK3160 
GO TO 20 MUSK3170 

10 wRITEC6tl00)N MUSK3180 
20 1=0 MUSK3l90 

IFCtJP/3*3»·~P)40t30t40 MUSK3200 
30 KaO MUSK3210 

I•O MUSK3220 
GO TO 70 MUSK32JO 

40 IFCC(JP-l)/J*J)•CJP-l)J50t60,50 MUSK3240 
SO I••1 MUSK3250 

~=2 MUSK3260 
GO TO 70 MUSK3270 

60 I•1 MUSK3280 
K•l MUSK3290 

70 Ll•JP/3 MUSK3300 
~l=Ll+K MUSKJ310 
~2•2*Ll+K MUSKJ320 
DO 80 J=l•Ll MUSK3330 
Nl=~l+J MUSKJ340 
N2=~2+J MUSK33SO 
WRITEC6t200)J,QOC~t1)tARtJtl)tWTCJtl)tN1tQOt~1tl)tARtNltl)tWT(~ltlMUSK3360 

l)tN2tQO(N2t1) 9 AR(N2tl)tWT(N2tl) MUSKJ370 
80 CONTINUE MUSKJ380 

IF (I) 90tl40, 110 MUSK3390 
90 K=2 MUSKJ400 

GO TO 120 MUSK3410 
110 K•l MUSK3420 
120 L2•Ll+K MUSK3430 

Ll•Ll+l ~USK3440 
DO 130 K•Ll,L2 'MUSK3450 

130 WRITEC6t200)K,QDCKtlltARCKtlltWT(Ktll MUSK3460 
140 WRITEl6t300) MUSK3470 
100 FORMATC/" TIME STEP "rl3/1Xtll9(1H•}/" J DISCHARGE A~USK3480 

!REA T,WJOTH ~ DISCHARGE AREA T,wiOTH ~ MUSK3490 
20ISCHARGE AREA T.wiQHt"/lXtll9UH•) t/1) MUSKJSOO 

200 FORMATC3CIS,F14e4t2FlOe4tlX)) MUSKJSlO 
300 FORMATC1Xtll9flH•)/////) MUSK3520 
400 FORMAT(/" TIME STEP "•llt65Xt"CA~E~OAR TIME"2Xti2.2t"l"ti2.2t"MUSKJ530 

ll"tl2.2t3Xtl2e2t":",l2e2t"I"•I2.2/llttll9(ltie-)/" J OlSCtiAHGEMUSK3S40 
1 AREA TeWIOTH J DISCHARGE AREA T.wiOTH_ ~~USK3550 
2 DISCHARGE AREA T.~IOTH"I1Xtll9llrl•)t//) MUSK3560 

RETURN ~USK3570 
E~O MUSK3580 
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C ~USK3590 

SUBROUTINE PRIX(N) MUSK3600 
CO~MON/A/ QOI10lt2)tAR(10lt2lt~T(l0lt2) ~USK3610 
COMMON/C/ STI10l)tA2110ll,d2(101) MUSK3620 
COMMON/PI INDLtiNDStlNOP,lNOC MUSK3630 
COMMON/Q/ JRtJP,NTtNLtDTtOTS,NLltNNt~TP MUSK3640 
COMMON/51 YEARtMONTHtDAYtHO~Q,MIN,SEC~IHOURtiMIN,ISEC MUSK3650 
INTEGER YEARtMONTH,OAY MUSK36bO 
REAL MIN MUSK3670 
lFUNDC.NE.l)GO TO 10 MUSK3680 
WHITEI6t400)N 1 YEAR,MONTHtOAYtiHOURtl~I~tiSEC ~USK3690 
GO TO 20 MUSK3700 

10 WRITE16tl00)N MUSK3710 
20 IFIJP/2*2•JP)30 9 40t40 ~USK3720 
30 1=0 MUSK3730 

L2=JP/2+1 MUSK3740 
GO TO SO MUSK37SO 

40 I=l MUSK3760 
L2=JP/2 MUSK3770 

50 Ll=JP/2 MUSK3780 
00 60 J=ltll MUSK3790 
Nl=L2+J MUSK3800 
WRITEI6t200)J 1 QOIJtlltARIJtlltWTIJtlltSTCJlt~ltQOI~ltl)tARCNltllt~MUSK38lO 

lTINltlltSTCNl) MUSK3820 
60 CONTINUE MUSK3830 

IFCI)70t70t80 MUSK3840 
10 WRITEC6t200)L2tQDIL2tlltARIL2tlltWTIL2tlltSTIL2l MUSK38SO 
80 WRITEC6t300) MUSK3860 

100 FORMATI4(/) 9 4Xt"TIME STEP =11 I3/4Xtll711H•l/2Xt2( 11 J DISCHARMUSK3870 
lGE AREA TOP WIDTH STAGE 11 )/4Xtll711H•),//) MUSK3880 

200 FORMAT12Xt2CI5t2Xt2Fl2e4tFlle4tFl4•4t2X)) MUSK3890 
300 FORMAT(4Xtll7(1H•)) MUSK3900 
400 FORMATC/ 11 TIME STEP 11 ti3t65Xt 11 CAi.ENOAR TIME 11 2Xtl2.2t 111 11 ti2e2t 11 MUSK39lO 

11 11 tl2e2t3Xti2.2,":n,Iz.z,u:",l2e2/4Xtll7(lr1•l/2Xt21 11 J OlSCMUSK3920 
lHAQGE AREA TOP WIDTH STAGE 11 )/4Xtll711H•)t//) MUSKJ930 

RETURN MUSK3940 
END MUSK3950 
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