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A. rUlPOGE OF PROGRAM

To determine the hydraulic performance of--lock culvert system.

S. PROGRAM SPECIFICATIOSS

in SEE FOLLOWING PAGES. MAR' 1 1981

C. MET HODS

The program is written in G635 time-share series, FORTRAN IV, and is
, i part of a Conversationally Oriented Real-Time Program-Generating System

(CORPS). The program consists of a main program, three function subprograms,
and six subroutines. The specific function and relation of all these routines

. can be found in the FUNCTIONAL FLOW CHART, PART II: COMPUTER FUNCTIONAL
DESCRIPTION of this abstract.

D. EQUIPMENT DETAILS

The program was developed and is operational on the WES G635, Vicksburg, MS.
It is also operational on HIS66/80, Macon, GA, and Boeing CDC, Seattle, WA.

f. INPUT-OUTPUT

All inputs for program H5320 are either read from a permanent data file or are
cued and read upon entry to the input subroutine DATA F. All specific input/
output requirements for program H5320 are given in PART II: COMPUTER
FUNCTIONAL DESCRIPTION of this abstract.

F. AOOITIONAL REMARKS

Complete documentation of this program is available from the Engineer Computer
Programs Library, Technical Information Center, WES.
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B. PROGRAM SPECIFICATIONS:

Language: ANSI FORTRAN (FORTRAN IV)

Solution Requirements: The run command

RUN WESLIB/CORPS/H5320,F

plus the necessary input data.

Method of Analysis: A finite difference scheme is used to determine

the flow rate through the culverts and water surface elevation in the

chamber during a lock operation.

Core Requirements G635: 21 K words.

External Storage: Type of storage - disk. A user may have an input

permanent data file with a maximum of 1 K G635 ASCII words. If the

user does not have an input data file, one of the same size and user

named will be created during a run of this program. If a user de-

cides to save output for graphics and/or other use, a user named

output file with a maximum of 13 K G635 ASCII words will be created.

If the output file exists, then the existing output file is used.

General Equation: The governing equation is:

(k1 + k + k (t) + k + k) v(t) 2 = 4-Zf - zt)] _-Ig (1V)_g d1 2 v +4 2g

Where kI , k2 , k3 , and kh = constant loss coefficient values

for the intake, upstream conduit, downstrea c,_nd" an& exit

manifold. ,-
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H5320

kv(t) = the valve loss coefficient which is a variable during

valve opening and has a preset value of 0.1 for a full

open valve

V(t) = velocity of flow at a reference location in the

culvert(s) at time t , fps

g = acceleration of gravity, 32.2 ft/sec
2

c = operation type (c = 1 for filling; c = -1 for emptying)

Zref = upper pool elevation Zu (filling) and lower pool

elevation ZL (emptying), ft-datum

Z(t) = water-surface elevation in lock chamber at time t ,

ft-datum

L = culvert length, ft

dvdv = rate of change of velocity of water in the culvert at

2
time t , ft/sec

Range of Quantities: Unlimited for practical applications.

Accuracy: Governed by accuracy of input data; the accumulative

velocity error is a measure of the accuracy of the solution.

----- ----
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REF: ER 1110-1-10 - ENGINEERING AND DESIGN - Engineering Computer Program
Library Standards and Documentation, Appendix B

PART I: ENGINEERING DESCRIPTION

1. PROGRAM NUMBER: 722-F3-RO-5JI

2. TITLE: H5320 - Lock Filling and Emptying Symmetrical Systems

3. REVISION LOG: N/A

4. PURPOSE OF PROGRAM: The purpose of the program is to determine the

hydraulic performance of a lock culvert system. The core of the program

is a finite difference scheme which is used to determine flow rate

through the culverts and water-surface elevation in the chamber during a

lock operation. Once these are known, other important hydraulic param-

eters are evaluated. The program output contains the following computed

quantities.

a. Single Values.

(1) Operation time (T), min.

(2) Overtravel (do), ft, and time (T m), min., of occurrence.

b. Time Dependent Values.

(3) Time (t), min.

(4) Valve opening ratio (bIB).

(5) Total inflow (Q), cfs.

(6) Velocity head (hv), ft, at the reference area.

(7) Velocity head (hvv), ft, just downstream from the valve.

(8) Water-surface elevation (z), ft-datum, in the lock chamber.

(9) Water-surface elevation (zu), ft-datum, in the upstream
uw

valve well.

1



H5320

(i0) Water-surface elevation (z dw) ft-datum, in the down-
stream valve well.

(11) Piezometric head (h ), ft-datum, at the culvert roof just
downstream from thePvalve.

(12) Cavitation index (a).

(13) Average velocity (V), fps, in the culvert at the reference
area.

(14) Rate-of-rise (d z/dt), ft/min., of the lock chamber water
surface.

(15) Head losses (HZ1, H2, Htv, HX3, Hk4, and HkT), ft, for
culvert intake, upstream conduit, valve, downstream con-
duit, culvert exit, and overall culvert system(s),
respectively.

(16) Effective inertia (He) , ft, in the flow in the culvert.

(17) Overall drop (Ht = H 1 + Hk2 + Hkv + HL3 + HL4 + He), ft,
in water-surface elevation.

5. STEP SOLUTION:

a. Mathematical Formulation. The distribution of total head at an

instant during a lock filling operation is assumed to be as shown in

Figure 1; a comparable distribution is assumed for an emptying opera-

tion. The manner in which each item shown in Figure 1 is used in set-

ting up the mathematical model is described in Table 1. Two simulta-

neous first-order differential equations are solved as a function of

time (t); these equations are either equations (la) and (2), or (lb)

and (2), in the following listing.

(1) Conservation of Energy.
V2

(a) Normal Flow 2g E(Z - z) - He  (la)

2
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or

(b) Reverse Flow --V 2 E(Z z) H (lb)
2g re (Z -z-He (b

(2) Continuity (Normal and Reverse Flows)

dz = c A V (2)

dt r

The variables in equations (la), (ib), and (2) are as listed in Table 1

with the following exceptions:

K = kI + k2 + kv + k3 
+ k4; where and K are known functions

of time.

e = 1 for filling
-1 for emptying

Ar = A L/ncAc; where AL  is the surface area in the lock chamber

and

dz/dt = the rate-of-change of the elevation of the chamber water
surface; dz/dt is positive for a rising water level.

The only boundary conditions prescribed are those when t = 0,

z = ZL for filling

Z for emptying

V= 0

K co

b. Time Steps. A known time (ti) is advanced by a constant value

(At) to a new time (ti+1 = ti + At). Values of i that are of specific

interest are listed below.

Value of i Condition

Initial value (i.e., t. = 0.0)
1

*1_. 3• . .
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Value of i Condition

N Valve is fully open (i.e., k = k. for i > N)
i+l 1

Ml Lock operation is complete

Filling: zMl-l < Zu < zMl

Emptying: ZMII > ZL > ZMl

M2 Maximum overfill or overempty

Filling: Z M2- < ZM2 > ZM2+1

Emptying: Z M2- > ZM2 ' ZM2+l

M Final value (i.e., tM = (M - 1) At)

Known: V. , zi  K K1 ' i+l ' i+2

1st Prediction V+ 1 = Fp(zi, Vi, Ki+l)

zi+ 1 from equation (4)

2nd Prediction: Vi+2 = Fp (zi+l V i+, Ki+2)
2 p zVli+' + V i+ A

zi+2 Zi+l + 2 r Iteration loop A

Corrector: V i+ 1  Fp(zi, Vi and Vi+ 2, Ki+ I )

z i from equation (4)

Letting superscript j = 1,2,3, ..... represents the number trials

(loop A above), the sequence is terminated when

4(
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(i+1 )  -(i+l)- ilO)

In this program M is the overall control. For example, if M is pre-

set to a value less than N the solution will terminate before the valve

is full open (i.e., M < N); filling time and overtravel will not be

evaluated.

c. Numerical Integration (Predictor-Corrector). Equations (2a) and

(2b) are considered in the form

V2+ = + dv (3)
i+ -K 2gl (Zref - Zi+l) g dt

i+l i+1

Equation (2), using a first-order difference, is approximated by

Vi+ I + V.z i+ z A rAt (4)

The predictor is based on the backwards difference

dV Vi+l i' = A(5)
dt. Atdt i+l

Whereas the corrector uses the centered difference

dV Vi+2 1 (6)
dt i+I  2At

Substituting (4) and (5) in (3), and (4) and (6) in (3), yields the

predictor, Fp (z,V,K) and the corrector functions Fc(z,V,K)

respectively. The algebraic relationships are shown in Table 1; the

sequence of calculations at each time step is as follows.

5
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UPPER POOL

T OSS AT INTAKEHL, k 1 2g

LOSS IN UPSTREAM CONDUIT HL 2 V 2

LOSS AT VALVE HLv 2g.~t

LOSS IN DOWN - HL k3  t2

STREAM CONDUIT 2g
ENERGY GRADE LINE

LOSS AT EXIT HL k V(t)2

4' 4 42
INERTIAL CORRECTION lit

1LOCK CHAMBER WATER SURFACE-A'

INITIAL LOCK CHAMBER
CULVER ROOFWATER SURFACE

Figure 1. Simulated flow conditions at time t (filling operation)

-- -- --------- -------
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Table 1. Parameters Used in Setting Up the Basic Model

Type of
Item (Refer to Figure 1) Operation Description

1. Fixed pool elevation, Zref  Filling Z upper pool elevationref u

Emptying ZL' lower pool elevation

2. Variable water-surface
elevation (z) Both lock chamber water-surface

elevation

3. Reference area, A Both A = n A , where A is the
cc c

cross-sectional area of the
culvert immediately below the

valve, and nc equals 1 or 2
for single or douole valve
operation, respectively.

4. Flawrate, Q Filling Total inflow (outflow is negative)
Emptying Total outflow (inflow is negative)

5. Reference velocity, V Both V = Q/A

6. Intake loss, H = KIV1V( Filling Headloss at the culvert intake;
2g K is constant

Emptying Headloss between the chamber and
the culverts; K1 is constant

7. First conduit loss, Both Loss in the culvert upstream from

the valve; K2 is constant) £ 2 = K2VIVI

2g K 
VIVI

8. Valve loss, H v 2g Both Loss at the valve (K is a function
of the valve opening ratio until

full open; K = 0.10 thereafter)V

9. Second conduit loss, Both Loss in the culvert downstream from
K3 VjV I  the valve; K3 is constant

£3 2g

A
- W
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Type of
Item (Refer to Figure 1) Operation Description

K4v jvj
10. Exit loss, H K 2g Filling Loss at the ports into the lock

chamber, K is constant

Emptying Loss at the downstream exit from

the culvert; K4 is constant

11. Inertia "head" H - Both The inertia "head" is placed at the
e g dc downstream end of the culvert (i.e.,

along with H4) L is an effective
culvert length, g is the

acceleration of gravity, and dv/dt
is the rate-of-change of velocity,
V, with respect to time, t.

Al
8:
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I 
H 320 

I

RED ae DATAF

IN1

SGO TO Idepending IDEC [1 ! 2, 3 4 5 PRINT: no perm file~r - n e  ae

L PRINT: file prob,

call FTS 542-2403

READ INPUTS from perm file: type of operation, no. culverts, title, upper S RET URNI
pool WS elevation, lower pool WS elevation, culvert roof elevation at
valve, culvert length, width and height, chamber length and width, loss
coefficient for intake, US conduit, DS conduit, and exit, time step, no
cale steps desired, o. of valve opening ratios, vlving option and output,
Iparameters f R

perm data file: T valving F sag time, first valve rate, time valve
valve opening poistops motion, duration of stop, final
ratios valve ratio

NSTART ~~ ~ ~ anBaabfr UNI, secondary retur T

0 s tartENTRY to DATAF

10
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INSTART =O I

Computer valve contraction ratios, valve loss

coefs and sum of loss coefs for each time step

PRINT: input variables as specified by

output params and valving option

set initial conditions, compute culvert
velocity and lock water surf elev using

functions tRED, ZNEW and CORR for each time

step

b Compute accum vel eror I

Ir

compute total inflow, water surf elev US well, piezometric HD, vena

contracta, water surf elev DS well, cav index, rise of water surf in lock

chamber, vel HD in culv, vel HD vena contracta, HD loss at valve, total HD

loss, effective inertia term, and overall HD for each time step

I I PRINT: outputs as directed

I "DEC

iTEST• J-GO TO depending I • C
1 2 31 4 5
-EUE c a e .. efl

WR ITE: time related variable---7

to perm data file
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set initial conditions shift 6 velocity prediction function use
bits of sense sw word ISTAT, backwards difference to compute
starting with bit 6, to far right velocity in culvert at a given
and zero all other positions; time
IDEC = 3

or octal 3 already in AT

compute water surf elev in back

fl dchamber using velocity at a
not exist, octalgiven timeIDEC 2 1

F RETURN

file busye oc 3w

IDEC = 4 t 
14

Fvelocity correction function use
T~sw central difference to compute

illegal culvert velocity at a given time
char in T s
file name octa 34

IDEC 5 F5ET 
R

[ RETURN

WRITE to perm data file: a header to contain the
i format of how time related variables are written,

number of variables and what each variable is.
REUNThis info will be read by CORPS graphic routine or

C"D F by use with his own routine

12
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rerun T

<been 
called

QZ T
-2

F

PRIMT

LQZ =2, rewind

perm data file

g ZTREAD: 
all j~t

READ: desiredl

in uts onl'

YESTOP

RITURT

GOT13enigIE
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alvt PRINT: ±Lst valve rate

vav ae T <one time step. Enter

<snete valve opening ratio at end

,/ . of ist time step

RA:ratio

Compute valve opening ratios andI

number of time steps required to

fully open valve

RETURN

PRINT tabl
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3. EQUIPMENT AND OPERATING SYSTEM: The program was developed on a G635

time-share system in which input/output equipment consisted of a Model 33

remote teletype. It is now operational on the WES G635, Vicksburg, MS;

HIS 66/80, Macon, GA; and Boeing CDC, Seattle, WA.

4. INPUT REQUIREMENTS: The required inputs are entered via the user's

time-share terminal device in free field format or are read from a per-

manent input data file. If the inputs are entered through a terminal

device, then the input subroutine DATAF will supply all necessary cues

and reads for the input data. A user named permanent file will be

created by DATAF and the inputs written to it. All the inputs from

DATAF are passed to the computation subroutine H5320 via the COMMON

statement. If the inputs are entered from an existing data file, then

the inputs are read directly by H5320. H5320 also handles all the

required output.

5. SECONDARY STORAGE INPUT FORMAT:

a. The following formats are used for the input data file whether

it already existed or was created by a run of program H5320.

To write:

56 FORMAT(I3,2F4.,A35/I3,3F8.3/I3,5F8.3/13,4F8.3/I3,F5.1,21
4 ,512)

57 FORMAT(I3,10F6.3)

To read:

10100 FORMAT(3X,2F4. ,A35)

10090 FORMAT(3X,3F8.3/3X,5F8.3/3X,hF8.3/3X,F5.1,214,512)

10110 FORMAT(3X,1OF6.3)

15
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Refer to line numbers 24160-24180 and 24200 or 24220 for variable

matchup of the above write formats. Refer to 20690-20710 and 20740 or

20760 for read formats. These line numbers are in the source listings

on pages 50, 43, and 44. An example data file is:

100 1. 2.E-,AMPLE 2
102 262.800 169.50e 128.000
104 390.000 12.000 14.000 685.400 86.000
106 0.200 0.060 0.180 0.850
108 10.0 31 17 2 1 0 1 3
110 0.120 1.000 0.500 2.000 3.000

b. If the user decides to save the time-related output for graphics

or other use, then an existing user data file or a newly created user

named file is written to in the following manner.

(1) Subroutine HEADER writes all of its header information to

the file. This header information is used by the CORPS system for

graphics use. If the user wishes to read only the time-related output

from the data file, use the format as described in the second line of

header information. Refer to line numbers 24900-25020 of the source

listing on page 52 for a complete description of header formats.

(2) The time-related variables are written by the following

format.

10430 FORMAT(I3,3F6.2,F8.3,F9. 0,4F8. 3/F9.2,2F6.2,F8.2,5F8.2)

Refer to line numbers 22100-22120 in the source listing on page 46 for

variable matchup to the format. An example file is:

16
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08 H45320 13 15 EDGE
09 (15(I), c3x, 3F6.2,FS. 3.F9*.,4Fd3.3/F9.*2, 2F6.2,FS.2, 5F8.2))
10 31 31 31 31 31 31 31 31 31 31 31 31 33 31 31 31 31 31
It I I I I I I I I I I I I 1 I I 1 1 1
12 C!IPIE V~INTOI F010 H5320 APES
13 1ITIME IBZCAVITATiom !IA"AMEPET'
14 2='7ALIFE OPENING PATIO I I-PATE-OF-PI FE
15 3=coNTPAC'rION COEF. 12=11ELOCZ'rY A' PEF APEA
36 4aLOG("7AL'"E LOFF COEF.) 13 ,floci'Yv Hr AT PEF APEA
17 5=TOOrAL IJFLOV ~ 14-trELOCITY HD AT I"ENA CON?
18 69LOC'( VATEP C"PFACE(V~-S) 15=HEADLOSrc rHO? 'VALVE
19 7=11/re IALI?E I'ELL T~w 16=TOTAL HEAmLOcc
20 cliE, HrD PELOv: '.'AL'!E 17=INEP'TIAL TEFM
23 9=r/!z "AL"PE '.ELL '.-C 18y iFFE'EN'rIAL
22 "NWIrp FOE' AEO"-E 'PAPIAELEC APEt
23 miN,rEFl FT/MNN11
24 PqONE=2,34,10 FT/SECI12
25 Ccs=5 FT=1 3 ,14, 1 5, 1 6 , 1 7 ,1 8

26 FT-rA!M=67,8, 9

17
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toe e. 0. 0.30 4.00 0. 169.500 262.800 169.500 169.500
9.99 0. 0. 0. 9. 93.30 93.30 0. 93.3C

102 0.17 0.11 0.73 2.11 2190. 169.666 261.96? 166.663 170.246
0.88 2.23 6.52 0.66 95.97 34.19 85i04 8.03 92.11

104 0.33 0.23 0.7e 1.47 4453. 170.249 259.363 157.576 17;f.566
e.71 4.53 13.25 2.73 304.51 79.74 63.26 9.66 92.55

1e6 0.50 0.38 0.65 0.98 7548. 171.267 252.9 6 133.d83 177.929
0.39 7.63 22.47 7.84 126.88 75.53 85.64 5.92 91.53

103 0.67 0.33 0.65 0.96 7737. 172.564 25 2.427 127.374 179.561
0.32 7.83 23.03 3.23 133.29 7?.35 69.)7 0.2" 96.24

110 e.53 0.36 0.65 0.98 7699. 173.373 252.52 12d.b88 10.(603
6.33 7.84 ',2.91 8.15 131.99 73.5-3 69.09 -. 17 66.V3

112 1 .00 0.36 0.65 0.93 7644. 175.175 252.67/4 30 .96 18 2. o06
0.35 7.73 22.75 ae4 t3e.iL 77.46 a7.a3 -e.26 b7.63

114 1.17 0.33 09.65 7.9 753. 176. ;67 252.82- 12.537 163.197
e.37 7.72 22. 53 7.92 123.28 7 6. 32: a6. 541 -e.20 86.33

136 !.33 e.3: .65 W.)3 7531. 177.749 252.970 134.467 184.350
0.4 0 7.67 2:.41 7.6e 126.30 75.19 85.25 -e.20 85.15

13 1.50 2.3a 0.65 0.93 7475. 179. U22 :'-3.117 336.333 185.554
0. ':' 7.61 2 .25 7.63 124.42 7 I.07 S3.Q3 -. 26 a3.73

12L 1.67 C.3.3 U.65 0. 9, 7413 . J,, e.235 253. kf 1 .235 186.71?
0.4 4 7.55 2. V3 7.,7 12..55 7 .9;5 

3
2.7e - .1 32-.51

12i 1.,33 C.3b . oV 93 73(,2. 1i.5,v 253.,h;7 l i.. 172 to7. ., 75
0.46 7.49 21 ."1 7. 45 1.%e69 71.65 61.4 - .20 b1.2(

3f-4 2.Ze C.3 V 0 5 C.. 9d 7305. :;:. 7)3 253.5Z1 I C,' 1.e 13'.v23
e./: 7.4/4 23.74 7.34 116.65 72.75 3 2 . -. 21 6V.C2

126 2. 17 ."4.38; 0. 65 6. d 7249. 1, 1..21 25 ., 6 3 14. .0i4 1)
2
.1ltI

V.'! 7. 33 21.57 7.23 117. -2 69.C6 -1.( -. 20 73.73
125 2.33 V.33 V 65 0.93 7193. 32.243 25 3.3 4 14F. 748 191.1,1

0.,5 7.32 1 1.l 7.12 15.22 65, 77.7L -k.23 77.L,6
1 52 C.5 - 3S Z.. 0. 9 7V/4,,. )56.450 254. ,12 15 .674 1t;2. 44

C.( " 7.17 C' . 95 6.32 312.,3 65.6C 71.4 9 1 . 2 76.3,
132 .. C7 2 . 2., .30 5 232. 1J7.745 251. 1 l 1 0. v;I 195.604

V. ) 3.35 24..0 9.25 1 3.33 ii..4 7r.3) . 7 S 7.3t.
334 2, 23 2.52 3.67 6 1 9,-45. J. 5, 4 r4, ,3"', I I.e. 194 ' I

.55 ).22 3 25.7 1 12. 79 I . '. 1.5f b3. V, 6 5. 13 7,3 54
36 5 .tl, C.56 C.64 0.40 1/he, I I 2/i , . , . ).-i: 143. 7,2 ' (S. '0

1. 5v 1 1.1(.4 33. /i 17.33 3 53 57 G'. ;y 5.02 -71.77
12 3.17 (. 3 2.72 e.1. 133 73. 1 ('74 34 . E 1 14' ,. 3 1 I. 7

,.11 13. 3C 32.3 . 7-2.7 12.C4 J4.7 4 64. 1(,7 6 .73
143 3.32 3 ... 7 , C 7 _0.04, 143,;d . 5 S' 228 C.,) 3 I . V. V 3 ':b 21 537

.60 .. 65 42.3' .j 47 1v4 66 5 ; 4 C,-7 ',7 i.41
342 3.88 ' ;.77 C. 7, - . 15629 1 7 . v . 9 4 7 161.31V ',6 . 4

Z.77 15.91 46.2 . 6 9 -75 1"1. 5 1. 19 ,3. 6.67
144 3. 7 C" . 5 .sL -. u 5 1' " 1 :-5,2 1 ' .C, ' 7 , 7 ?,.I,

I.25 6.13 C c. 11 37.45 !,9 1 . 59. .f .6 L.. 14
46 3.i3 I 7 p V. 6 -V. 76 1 604 L 3 . /i,) "-'l2. 7i 1 ' 1 73". -:/4

' 1 37.36 5.57 30. 71 , 3.33 6.97 I 5 .( 6 :,. 3z

346 ~ ~ ~ ~ ~ ~ ~ ~~9 3.2 1.1 *3 - 6 &~' ~ 1. 7 5 ll ' 2zi 2. 2 3.88 3. ."' 1. 53 I 7''vl.1 .;1, .9" .,11,"I , : .:.. 76 .. 4., -,

C. 16 7.51 51.19 40. "IC 5c. 4.? 56 '. 13 5 .
I5[ .7 1.6, ;.j, . ,,¢. C. , 3I I. O.01,17 * , I

2.271 '.L2. r,36 39.3, /.(,P 3.94 4.7 .2 5
152 4.33 .22 8.9 -1.22 1625". 212. 33 21,.5.'. 2(.Ci 3z.4,.57

2.4'. 3 ',52 4)'. 1 37.54 46.34 3.7 , 32. r I .2, 1z. tf7
154 4.5 1 .oo 3.7, -1.67" 1I2,7 1. 337.94. 2 .,-A ," 5.i~i

2.6'. 3~.5 '7.83 3.63 43.9 3 .5 94 .37 .-

156 '.. 17 1 C " .9. 1 -. 00 15647. 17.5:s6 220.3/3 21 4.,74 21 t.3I
2.86 32

:
.92 4 .57 53.67 13.'7 3. 7 b.3 -1. 5' 42. 1

3 4 .2 1.32 2 '.-0' - . 152(1 4. 2.2.5 2.7.7',, 2:5. f3 47 .:
5. 1t' 15.&. . 2 5 31.74 39. 25 3. 13 ,.4.1) -I.6Z 4 ."19
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6. INPUT DATA DESCRIPTION: The following names are used for the input

variables in program H5320.

AAB - 8 char name of perm data file

DTS - time step, sec

IDELI - output control to valve full open; = 1, print every time

step value; = 2, print every 2nd value; = n, print every

nth value

IDEL2 - output control from valve full open to complete solution;

= 1, print every time step value; = 2, print every 2nd

value; = n, print every nth value

IPRINl - output control for engineering values; = 1, print: conduit

and chamber geometry, loss coefs and elevs; = 0, no print

IPRIN2 - output control for head loss distributions; = 1, print;

-0, no print

IVALV - type of valving; = 1, point by point; = 2, programmed

functions

M - number of calculated steps desired

N - number of values of valve opening ratios (point by point)

RUN - 35 char problem name

SAG - sag at one-half valve time of the nondimensional valve

opening pattern (programmed function)
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VI
A /

V /
E /

0/
P B2 -/ TLAG

E BB2E
N

N
G

F
T /

0 
LTI T2 T39 TV2

TIME MIN

TV1 first valve rate (programmed function), time taken for

valve from closed to full open position with no stop, min

to full open

Tl - time valve stops initial motion (programmed function), min;

no stop, Tl = TV1

TLAG - duration of stop (programmed function), min; no stop,

TLAG =0

TV2 - second valve rate (programmed function), time taken for

valve from closed to full open position as if no stop, min

to full open. If actually no stop, TV2 = TV1, never 0.

TYPE - type of operation; = 1, filling; = 2, emptying; = 0 stop

program

XBB - valve opening ratios (point by point)

XK1 - intake loss coef

XK2 - upstream conduit loss coef

20
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XK3 - downstream conduit loss coef

XK4 - exit loss coef

XLl - culvert length, ft

XL2 - culvert width, ft

XL3 - culvert height, ft

XL4 - chamber length, ft

XL5 - chamber width, ft

XN - number of culverts

ZL - lower pool elev, ft-datum

ZR - culvert roof elev at valve, ft-datum

ZU - upper pool elev, ft-datum

7. OUTPUT DATA DESCRIPTION: All output is generated within subroutine

H5320. It includes the given input data, plus the output data as de-

scribed in the following variables.

BB2 - valve opening at end of first valve motion (programmed

function), ft; Refer to figure given in (6) INPUT DATA

DESCRIPTION

CI - cavitation index

ERROR - accumulated velocity errcr, ft 2/sec
2

H - overall head, ft

HI - effective inertia, ft

HLT - total head loss, ft

HLV - head loss at valve, ft

21
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I - count of the number of time steps at which accumulated

velocity error is printed

M1 - number of steps to fill or empty lock chamber, if input M

(number of calculated steps desired) is sufficiently large

to complete solution

M2 - number of steps to peak overfill or under empty, if input M

is sufficiently large to complete solution

NC - number of culverts

Q - total inflow, cfs

RE - rise of water level in lock chamber, ft/min

T3 - valve opening time, min

V - velocity in culvert, fps

VH - velocity head in culvert, ft

VHVC - velocity head at vena contracta, ft

XBB - valve opening ratio

XCC - valve contraction ratio

XKC - equivalent lock coef (based on loss coefs)

XKT - sum of loss coefs (including valve) at valve full open

XKV - valve loss coef

XT - time at each calculation, min

XTM - time at extreme elev, min

XTX - time to complete operation, min

Z - lock chamber water surface elev, ft-datum

ZOW - water surface elev in downstream well, ft-datum
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ZOT - Lock chamber overfill or empty, ft

ZUW - water surface elev in upstream well, ft-datum

ZV - piezometric head elev at vena contracta, ft-datum

8. PROGRAM ERROR MESSAGES:

a. If file name INDATA is entered as the name of your permanent

data file and INDATA does not exist, then

NO FILE INDATA. ENTER FILE NAME OR STOP.

is printed from subroutine H5320. This is repeated until an existing

file is attached or the reply STOP is entered. If STOP is entered, then

control is returned to the main program. Since program only checks file

to see if it exists, "be sure" file is your input data file. If not your

data file, program will attempt to read bad data and/or abort.

b. If a program or system error occurs in an attempt to attach your

data file, then

FILE PROBLEM. CALL FTS 542-2403 AND GIVE THIS NUMBER ISTAT
(where ISTAT is a 12 digit octal number)

is printed from subroutine H5320. Control is then returned to the main

program.

c. If program cannot create or attach an output file for your re-

quest of an output data file, then

FILE PROBLEM;ILLEGAL CHAR;BUSY;OR SYSTEM PROBLEM
OUTPUT VALUES NOT SAVED AS REQUESTED

is printed from subroutine H5320. Control is returned to the main

program.
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d. If first valve rate is less than one time step, then

YOUR 1ST VALVE RATE IS < ONE TIME STEP
ENTER VALVE OPENING RATIO AT END OF 1ST TIME STEP

is printed from subroutine VAL2. The ratio is read and program continues

to next statement.

e. If program cannot create or attach your input data file, then

FILE PROBLEMS;ILLEGAL CHAR;BUSY;OR SYSTEM PROB.

is printed from subroutine DATAF. Control is returned to the main

program.

9. VARIABLE DEFINITIONS:

a. Main program

HFILE - 5 char, name of program; passed to WESLIB, count routine

HACCT

LQZ - equal 1, execute all input cues and reads; equal 2,

call WESLIB routine RERUN and enter only desired inputs;

initialized to 1 in main program for first run,

2 thereafter

LQX - equal 1, print instructions for RERUN; equal 3 no print;

initialized to 1 in main program

ZZZZZ - 2 char; equal RE, rerun; equal ST, stop

b. Subroutine H5320, main computation routine

AAA - 1 char; equal to Y for yes and N for no for response to

yes or no question

AAB - 8 char, name of permanent data file
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AAC - 10 char, used for attaching permanent data file

AAD - 8 char, name of output file for graphics and/or other use

AAE - 10 char, used for attaching output file for graphics

and/or other use

AR - ratio of total culvert(s) cross-section area to lock

chamber water surface area

B - constant = 2.2, used to determine valve loss coef

BB1 - valve opening ratio at end of first valve motion

(programmed function)

BB2 - valve opening at end of first valve motion (programmed

function) ft

C - constant = 3.2, used to determine valve loss coef

CFILE - 25 char, used for creating output file for graphics

and/or other use

CI - cavitation index

CORR - velocity correction FUNCTION subprogram (central differ-

ence), fps

D - constant = .65, used to determine valve contraction coef

DTM - time step, min

DTS - time step, sec

E - constant = .9, used to determine valve contraction coef

ERROR - accumulated velocity error, ft2 /sec2

F - constant = .9, used to determine valve contraction coef

H - overall head, ft

25
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HI - effective inertia term, ft

HLT - total head loss, ft

HLV - head loss at valve, ft

HL - intake head loss, ft

HL2 - upstream conduit head loss, ft

HL3 - downstream conduit head loss, ft

HL4 - exit head loss, ft

I - count of the number of time steps

IDEC - switch equal to:

1 - file exist or is in AFT 2 - file nonexistent
3 - file problem 4 - file busy

5 - illegal char in file name

IDEL1 - output control to valve full open; 1, print every time

step value; = 2, print every 2nd value; = n, print every

nth value

IDEL2 - output control from full open to completed solution;

= 1, print every time step value; = 2, print every 2nd

value; = n, print every nth value

IPRIN1 - output control for engineering input variables; = l,

print; = 0, no print

IPRIN2 - output control for loss distribution; = 1, print; = 0,

no print

IVALV - type of valving; = 1, point by point; = 2, programmed

function
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IVALl - switch variable set to 0 to be passed to subroutine

DATAF

IVAL2 - switch variable set to 0 to be passed to subroutine

DATAF

KK - switch variable set to 0 to be passed to subroutine

DATAF

LINE - line numbers in output file for graphics and/or other

use

M - total number of calculated steps desired

Ml - number of steps to fill or empty lock chamber if M is

sufficiently large to complete solution

M2 - number of steps to peak overfill or under empty if M

is sufficiently large to complete solution

M3 - switch; omit corrector sequence for low velocity flows

N - number of valve opening ratios

NC - number of culverts

NSTART - switch; = 1 if input is first read from permanent data

file, else 0

PRED - velocity prediction FUNCTION subprogram (backward

difference), fps

Q - total inflow, cfs

RR - rise of water in lock chamber, fpm

RUN - 35 char problem name
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SAG - sag at one-half valve time of the nondimensional valve

opening pattern (programmed function)

T1 - time valve stops initial motion (programmed function),

min

TLAG - duration of stop (programmed function), min

T3 - valve opening time, min

TVl - first valve rate (programmed function), time taken for

valve from closed to full open with no stop, min to

full open

TV2 - second valve rate (programmed function), time taken for

valve from closed to full open as if no stop, min to

full open. If actually no stop, TV2 = TV, never 0

TYPE - type of operation; = 1, fill; = -1, empty; = 0, stop

program

V - velocity in culvert, fps

VH - velocity head in culvert, ft

VHVC - velocity head at vena contracta, ft

XBB - valve opening ratios

XCC - valve contraction ratios

XK - sum of loss coefs (including valve)

XKC - equivalent lock coef (based on loss coefs)

XKT - sum of loss coefs (including valve) at valve full open

XKV - valve loss coef
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XK - intake loss coef

XK2 - upstream loss coef

XK3 - downstream loss coef

XK4 - exist loss coef

XLl - culvert length, ft

XL2 - culvert width, ft

XL3 - culvert height, ft

XL4 - chamber length, ft

XL5 - chamber width, ft

XN - number of culverts

XT - time at each calculation, min

XTM - time at extreme elev, min

- time to complete operation, min

YY - working storage

Z - lock chamber water surface elev, ft-datum

ZCHEC - lock chamber water surface elev at time t i+ , ft-datum

ZOW - water surface elev in downstream well, ft-datum

ZNEW - lock chamber water surface FUNCTION subprogram to

evaluate successive elevs, ft-datum

ZL - lower pool water surface elev, ft-datum

ZOT - lock chamber overfill or under empty, ft

ZE - culvert roof elev at valve, ft-datum

ZREF - upper pool water surface elev, filling; lower pool water

surface elev, emptying; ft-datum
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ZU - upper pool water surface elev, ft-datum

ZUW - water surface elev in upstream well, ft-datum

ZV - piezometric head elev at vena contracta, ft-datum

c. Function PRED, velocity prediction function; uses backwards

difference to evaluate the culvert velocity at a given time.

AR - ratio of total culvert(s) cross-section area to lock

chamber water surface area

DTS - time step, sec

PRED - symbolic name of single valued function used as the return

for the output value to the calling program, fps

TYPE - type of operation; = 1, filling; = -1, emptying

VST - culvert velocity at time ti or ti+ 1 , fps

XB - working storage

XC - working storage

XYF - sum of loss coefs (including valve) at time ti+ 1 or

ti+2

XL1 - culvert length, ft

ZREF - upper pool water surf elev, filling; lower pool water

surface elev, emptying; ft-datum

ZST - lock chamber water surface elev at time t or ti+ 1

ft-datum

d. Function COOR, velocity correction function; uses central dif-

ference to evaluate the culvert, velocity at a given time.
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AR - ratio of total culvert(s) cross-section area to lock

chamber water surface area

CORR - symbolic name of single valued function used as the re-

turn for the output value to the calling program, fps

DTS - time step, sec

TYPE - type of operation; = 1, filling; = -1, emptying

VAH - culvert velocity at time ti+1 or ti+2 , fps

VST - culvert velocity at time ti_ or t , fps

XB - working storage

XC - working storage

XKF - sum of loss coefs (including valve) at ti I or ti

XLl - culvert length, ft

ZREF - upper pool water surface elev, filling; lower pool water

surface elev, emptying; ft-datum

ZST - lock chamber water surface elev at time ti I or ti ,

ft-datum

e. Function ZNEW, evaluate water surface elev in lock chamber using

velocity at a given time.

AR ratio of total culvert(s) cross-section area to lock

chamber water surface area

DTS - time step, sec

TYPE -type of operation; = 1, filling; = -1, emptying

VF -culvert velocity at time ti+1 , fps
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VST - culvert velocity at time t. , fps
1

ZNEW - symbolic name of single valued function used as the

return for the output value to the calling program,

ft-datum

ZST - lock chamber water surface elev at time t. , fps1

f. Subroutine TEST, determine status codes returned by file system

for an attach operation.

IDEC - decimal value for status codes; IDEC
1 - file exist or is in AFT
2 - file nonexistent

3 - file problem
4 - file busy

5 - illegal char in file name

ISTAT - status code (12 digit octal number) returned by file

system; converted to decimal as represented by IDEC

ITEST - 2 digit octal number = 00, 04, 05, 34 or 37; used as

test against status code ISTAT to determine IDEC value

g. Subroutine VAL2, called if valve option is programmed functions.

Computes valve opening ratios and number of time steps to fully open

valve.

A - sag at one-half valve time of the nondimensional valve

opening pattern

BB1 - valve opening ratio at end of 1st time step

DTM - time step, min

DTS - time step, sec

N - number of values of valve opening ratios
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PI - constant = 3.141593

TLAG - duration of stop, min

TV - first valve rate, time taken for valve from closed to

full open with no stop, min to full

TV2 - second valve rate, time taken for valve from closed to

full open as if no stop, min to full. If actually no

stop, TV2 = TVI, never = 0

Ti - time valve 8tops initial motion, min

T2 - time at which valve motion starts following the partial-

open stop, min

T2N - working storage

T2S - working storage

XBB - valve opening ratios

XT - time at each calculated ratio, min

h. Subroutine DATAF, supports inputs via teletype and rerun option.

All variables are as described in subroutine H5320 except:

CFILE - 24 char, used for creating a permanent input data file

LQZ - equal 1, execute all input cues ard reads; equal 2, call

WESLIB routine RERUN and enter only desired inputs

IVALl and
IVAL2 - switch pair for setting value of rerun option LQZ

IVALl and IVAL2 sets LQZ
1 0 2
0 1 2

all other conditions, switch ignored
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KK - switch for rerun option LQZ; KK = 1 sets LQZ = 2; any

other value of KK, switch ignored

KKK - total number of inputs, passed to RERUN

JKL - direct return from RERUN to desired input read

LQX - equal 1, print instructions from RERUN; equal 3, no print

i. Subroutine PRINTT, provides a listing of input variables at the

teletype during a run of program H5320.

AAA - 1 char; = N, no print listing; = Y, print

J. Subroutine HEADER, called if desire output stored for graphics

and/or other use. HEADER writes a heading to the output file which con-

tains the format the file was written in, the number of time related

variables written and what each variable is, and the type of axis to

graph the data on. The time related variables are then written under

the heading.

M - number of calculated steps

10. EXAMPLE CASE: Determine the hydraulic performance of a lock

culvert system during a filling operation.

a. Input Data:

Type operation 1
Problem title Example 1
No. culverts 2
Upper pool elev, ft-datum 262.80
Lower pool elev, ft-datum 169.50
Culvert roof elev, ft-datum 128.00
Culvert length, ft 390.00
Culvert width, ft 12.00
Culvert height, ft 14.00
Chamber length, ft 685.40
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Chamber width, ft 86.00
Intake loss coef 0.20
U. S. loss coef 0.06
D. S. loss coef 0.18
Exit loss coef 0.85
Time step, sec 10.00
No. of stpped values 73
Type of valving 2
Valve sag at 1/2 open time 0.12
First valve rate, min 4.00
Time valve stops motion, min 4.00
Duration of stop, min 0.00
Final valve rate, min 4.00
Output control, engr inputs 1
Output control, loss distribution 1
First output rate 1
Final output rate 3

b. Output:

E,(AM PLE I

CONCIqT GEOMETW: LENG- = 390.0 FT. V'IDT1m .12.0 FT.
HEIGHT= 14.0 FT. Pq 2 "CTLVEcT OPEeATION)

CHAMBER GEOMETPY: LENGTH a 685.4 FT. WIDTH = 86.0 FT.

L0c! COEFFICIEN': INTAKE 0.200
?YPeTDEAM CONDT'IT 0.060VOVNFTI: EAM C0:ND!TIT 0.1I30

MANIFOLr 0.350

TOTAL(VALVE OPEN) 1.390 LOCK COEF.-0.848

ELI=EIATIONS: T"r'E"' POOL 262.60
L0"-EP DOOL 169.50

C'L'Er'r ROOF 12 ..00

VAL'YE OPE.N5 AT 4.00-mIN. DATE FOR 4.00 MINTITEF

ACC*"EL. EPv0P TO I= 58 IF 0.00595
ACC."EL. E r"-'On TO I= 64 IF 0.00598

LOCK FILLF "tO "OPEP POOL IN 9.56 MINt, TEE,'<TEME ELEIATIO4 AT TIME = 10.50 MINt.ES
MAX COMr'-VE O'FE"PA"EL 1 1.57 FT-
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VALVFE PAOAMETEP; ELET"ATIONS (FT- tATIM)
TIME OPEN. CON'. LO55 TOTAL LOCK I'S "!AL"'E PIEZ.Hr DS VALVE
(M) PATIO COEF. COEF. INFLOW CHAMBEP WELL VAL'E WELL

CFS CAV.FAP.
0. 0.00 0.80 10000.00 0. 169.50 262.80 169.50 169.50 9.99
0.17 0.03 e.80 2147.681 556. 169.55 262.75 164.34 169.53 0.54
0.33 0.05 0.79 531.46 1115. 169.69 262.5d 163.62 169.83 0.83

0.50 0.08 0.79 232.25 1631. 169.93 262.31 162.38 170.26 0.80

0.67 0.11 0.78 127.64 2258. 170.26 261.92 160.56 170.86 0.77

0.53 0.14 0.76 74.36 2848. 170.69 261.39 158.07 171.64 0.72

1.00 0.17 0.75 53.25 3452. 171.23 260.74 154.80 172.62 0.67

1.17 0.20 0.73 37.63 4075. 171.87 259.92 150.37 173.81 0.60

1.33 0.23 0.70 29.23 4585. 172.60 259.16 151.25 175.06 0.61

1.50 0.26 0.63 22.63 5147. 173.43 258.21 148.24 176.52 0.57
1.67 0.30 0.65 17.28 5799. 174.35 256.97 140.57 173.29 0.47

1.83 0.34 0.65 13.00 6554. 175.40 255.36 140.19 180.42 0.46
2.00 0.38 0.65 9.64 7424. 176.59 253.25 138.10 183.03 0.44
2.17 0.42 0.66 7.04 8414. 177.93 250.53 134.95 186.21 0.40

2.33 0.47 0.67 5.06 9520. 179.45 247.09 13LK46 190.05 0.36

2.50 0.51 0.68 3.59 10726. 151.17 242.86 128.59 194.62 0.33

2.67 0.56 0.69 2.51 11994. 183.10 237.87 127.25 199.92 0.31

2.83 0.61 0.71 1.73 13269. 185.24 232.29 128.43 205.82 0.32
3.00 0.67 e.73 1.18 14477. 187.59 226.48 132.81 212.10 0.37

3.17 0.72 0.75 0.80 15542. 190.14 220.94 140.53 218.38 0.46

3.33 0.77 0.73 0.53 16400. 192.85 216.19 151.06 224.29 0.60

3.50 0.83 0.81 0.35 17016. 195.68 212.62 163.36 229.54 0.82
3.67 0.89 0.84 0.23 17389. 198.60 210.40 176.21 233.95 1.12

3.83 0.94 0.37 0.15 17542. 201.57 209.47 188.57 237.54 1.52

4.00 1.00 0.90 0.10 17548. 204.54 209.43 199.50 240.54 2.03

4.50 1.00 0.90 0.10 16364. 213.19 216.39 207.75 244.50 2.51

5.00 1.00 0.90 0.10 15035. 221.18 223.62 216.33 247.61 3.20

5.50 1.00 0.90 0.10 13704. 228.49 230.25 224.19 250.45 4.10
6.00 1.00 0.90 0.10 12373. 235.13 236.27 231.33 253.03 5.30

6.50 1.00 0.90 0.10 11042. 241.09 241.67 237.74 255.34 6.96
7.00 1.00 0.90 0.10 9711. 246.37 246.46 243.41 257.40 9.36
7.50 1.00 0.90 0.10 8380. 250.97 250.63 248.36 259.18 9.99

8.00 1.00 0.90 0.10 7049. 254.90 254.19 252.59 260.71 9.99

6.50 1.00 0.90 0.10 5718. 258.15 257.13 256.08 261.97 9.99
9.00 1.00 e.90 0.10 4387. 260.72 259.47 253.84 262.97 9.99

9.50 1.00 0.90 0.10 3056. 262.61 261.18 260.86 263.71 9.99

10.00 1.00 0.90 0.10 1725. 263.83 262.28 262.19 264.18 9.99
10.5c 1.00 0.90 0.10 394. 264.37 262.77 262.77 264.39 9.99

11.00 1.00 0.90 0.10 -833. 264.24 262.73 262.63 264.16 9.99

11.50 1.00 0.90 0.10 -1446. 263.64 262.59 262.30 263.39 9.99
12.00 I.00 0.9e 0.10 -1393. 262.89 262.60 262.34 262.67 9.99
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PATE VEL HDS(F) DIFFEPVEJTIAL HDS(F)
PISE 'VEL. REF. VENA VALVE TOTAL INETIA OVERALL

(F/N) (F/S) APEA CONT. LOSS
0. 0. 0. 0. 0. 93.300 93.300 0. 93.300
0.17 e.566 1.654 0.042 98.448 91.139 91.243 2.009 93.253
0.33 1.135 3.318 0.171 99.134 90.861 91.082 2.029 93.111
0.50 1.712 5.004 0.389 100.317 90.311 90.613 2.061 92.874
0.67 2.299 6.721 0.701 102.058 39.532 90.437 2.102 92.540
0.83 2.899 8.475 1.115 104.441 88.516 39.955 2.151 92.t67
1.00 3.513 10.273 1.639 107.573 87.254 89.368 2.212 91.572
1.17 4.148 12.128 2.284 111.841 85.940 88.887 2.043 90.934
1.33 4.667 13.646 2.891 110.794 84.529 88.259 1.932 90.199

1.50 5.239 15.319 3.644 113.615 82.475 87.175 2.183 89.374
1.67 5.903 17.259 4.625 121.023 79.929 85.895 2.536 88.445
1.83 6.672 19.507 5.909 121.069 76.330 84.452 2.929 87.397
2.00 7.557 22.095 7.581 122.732 73.064 82.843 3.351 86.212
2.17 8.564 25.040 9.736 125.322 66.514 81.074 3.778 84.868
2.33 9.690 2S.333 12.465 128.075 63.089 79.169 4.167 83.347
2.50 10.918 31.921 15.822 130.096 56.760 77.171 4.460 81.630
2.67 12.209 35.697 19.787 130.402 49.613 75.139 4.584 79.702
2.83 13.507 39.491 24.216 128.069 41.858 73.127 4.475 77.560

3.00 14.736 43.086 23.827 122.492 33.988 71.174 4.096 75.206
3.17 15.820 46.255 33.222 113.634 26.416 69.273 3.465 72.660
3.33 16.693 43.809 36.992 102.126 19.654 67.374 2.653 69.950
3.50 17.321 50.644 39.826 39.090 14.032 65.4e8 1.783 67.116
3.67 17.701 51.753 41.590 75.779 9.662 63.313 0.94d 64.197
3.83 17.856 52.20 42.326 63.230 6.457 61.055 0.287 61.234
4.00 17.863 52.227 42.355 52.290 4.236 58.874 -0.588 58.257
4.50 16.657 48.702 36.830 45.469 3.683 51.194 -1.583 49.610
5.00 15.304 44.743 31.092 38.386 3.109 43.216 -1.599 41.619
5.50 13.950 4Z.736 25.831 31.898 2.583 35.905 -1.599 34.306
6.00 12.595 36.825 21.057 25.996 2.106 29.269 -1.599 27.670
6.50 11.240 32.863 L6.770 20.704 1.677 23.310 -1.599 21.711
7.0e 9.885 28.902 12.971 16.013 1.297 18.029 -1.599 16.430
7.50 8.530 24.940 9.659 11.924 0.966 13.426 -1.599 11.826
8.00 7.175 20.979 6.834 8.437 0.683 9.499 -1.599 7.90e
8.50 5.820 17.017 4.497 5.552 0.450 6.250 -1.599 4.651
9.60 4.465 13.056 2.647 3.268 0.265 3.679 -1.599 2.080
9.50 3.110 9.094 1.284 1.586 0.128 1.785 -1.599 6.186
10.0 1.756 5.133 0.409 0.505 0.041 0.569 -1.599 -1.631
10.50 0.401 1.171 0.021 0.026 0.002 0.030 -1.599 -1.570
11.e -0.843 -2.430 0.096 0.096 0.010 0.133 -1.175 -1.444
11.50,'-1.472 -4.304 0.238 0.288 0.029 0.400 -0.299 -e.836
12.60 -1.417 -4.144 0.267 0.267 0.027 0.371 2.649 -0.093
DO YO!.' NEED TO STOPE THE OUTPUT IN A DATA FILEY OP rl
=N

ENTER PEPtN OP STOP
-PEPT'

rEP"IN ODTIONJ PEPMITS YOU TO CHANGE ANY OP ALL INPUT 17APIABLES.
AT ">= rj'E TYr'E IN THE TVO LETTEPS(AAA2, ETC.) COPPESPONDING
TO THE IIAPIAELE!! YO0 1?ISH TO CHANGE. THEN AT NEXT = QUE, ENTEP
'11E NUMIEPICAL VALUE. TO TERMINATE DATA EN1TPY, TYPE A CArT''IAGE
PETTN AT >> O'E.
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=AB
AD-ENTER YOU' !POBLEM NAME

EXAll PL E 2

AG-ETJTER TOTAL NO. OF CALC. STEPS DESIPEr
-3 1

=AVU
AV-EN3TER FIRFT '.'AL'YE PATE
=1

A'*.-ENTE? TIME V.ALA'E STOP'S MOTION( MI N7TES)

A'X-ENTflR VITTATI ON OF ST0PC MINUTTES)

=AY

A '-ENTEP FINAL VPLIUE RATE
=3

17A* ENTEF 2ND OU'TPUT CorNT!-oL =PO=rDo NOT trrIlT

ECA'"Lr 2

Co%J!'TIIT GEONEI'.'rY: LEIJGTH 390.0 FT. W I DTH = 12. 0, FT.
E IC7iT= 14.~ eiT. j= 2-C,,LVE"Tr 0'E-.1IO'4)

O!MLPcEE~\:LF%'GTH = 6.35.4 FT. t'I11- = 86.0 Fr.

LO!7c CoEr:I7CIf.N,'r* I N TA:,E 0.20

PpZ ~FfMCONLUTIT 0.13

mt.,) '11-0L, P, asC
TOTALC'YAI-1E OPEN) 1.*390 LOC -C COFF-.=0.84

P.E"[tTI O'*1: jtt;'v -0OL 262.80

I O"Frz rD-j) I 6 ,.
P!I'T1OOF 2.

'~r~iZ3PE!5AT 1.010-111N. T'AT1r 0! '. bI* i U'T
'7/AL*T' WL FOP'2 3-~i AT 5. 3

PI-T. ;

THE!J O1.'nl AT '3.00v-rNIN. IPATE Tr) OPN
TOTAL '.;ALU.1 TINE = 4.1 7-MIN. (N= -6)

P~r.'L! ' EI'0i TO I= 31 p I f
(~.FL.1Pr1'TO 1= 31 1,: 0~. 0 1 /w

Lf!C ( OErrkTI0UJ 1I 5 NIT CIM"LFTE '
Ljc.' ror ,Jol, C01PLETE OVEPt'TEFL

38



H5320

VALTE PAPAMETEPS ELEVAIIONS CFT-rATIN)
TIME OPEN. CO4T. LOSS TOTAL LOCK t'S VALVE PIE!.HD DS VALVE
(M) RATIO COEF. COEF. INFLOW CHAMBEP WELL VALVE WELL

CFS CAV-PAP.
0. 0. 0.80 1000.00 0. 169.50 262.80 169.50 169.50 9.99
0.17 0.11 0.73 127.64 2190. 169.69 261.97 166.66 170.25 0.88
0.33 0.23 0.70 29,23 4453. 170.25 259.36 157.58 172.57 0.71
0.50 0.38 0.65 9.64 7548. 171.27 252.93 133.88 177.93 0.39
0.67 0.38 0.65 9.64 7737. 172.56 252.43 127.37 179.56 0.32
0.83 0.38 0.65 9.64 7699. 173.87 252.53 128.69 180.80 0.33
1.00 0.38 0.65 9.64 7644. 175.17 252.67 130.66 182.01 0.35
1.17 0.38 0.65 9.64 7588. 176.47 252.82 132.54 183.20 0.37
1.33 0.38 0.65 9.64 7531. 177.75 252.97 134.47 184.38 0.40
1.50 0.38 0.65 9.64 7475. 179.02 253.12 136.38 185.55 0.42
1.67 0.38 0.65 9.64 7418. 180.29 253.26 138.29 186.72 0.44
1.83 0.38 0.65 9.64 7362. 181.54 253.41 140.17 187.88 0.46
2.00 0.38 0.65 9.64 7305. 182.78 253.55 142.05 189.02 0.48
2.17 0.38 0.65 9.64 7249. 184.02 253.69 143.90 190.16 0.51
2.33 0.38 0.65 9.64 7193. 185.24 253.33 145.75 191.29 0.53
2.50 0.3a 0.65 9.64 7040. 186.45 254.21 150.67 192.24 0.60
2.67 0.44 0.66 6.32 8200. 187.74 251.15 150.01 195.60 0.59
2.83 0.50 0.67 4.03 9645. 189.26 246.68 146.19 200.13 0.53
3.00 0.56 0.69 2.51 11241. 191.03 240.90 143.75 205.80 0.50
3.17 0.63 0.72 1.52 12873. 193.07 234.08 144.83 212.45 0.51
3.33 0.70 0.74 0.91 14365. 195.39 226.93 150.73 219.59 0.60
3.50 0.77 0.78 0.53 15629. 197.93 220.47 161.31 226.49 '0.77
3.67 0.85 0.82 0.31 16501. 200.66 215.61 174.88 232.49 l.e8
3.83 0.92 0.86 0.13 16992. 203.50 212.76 189.14 237.25 1.53
4.00 1.00 0.90 0.10 17201. 206.40 211.52 201.98 240.99 2.16
4.17 1.00 0.90 0.10 16922. 209.29 213.18 203.94 242.77 2.27
4.67 1.00 0.90 0.10 15647. 217.59 220.37 212.47 246.21 2.36

rO YOU NEED TO STOPE THE OTITPUT IN A DATA FILE?? OF N
-Y

ENTER A 5-LETTEP FILE NAME
=DLKI
YO'R OUTPUT IJALITES APE STOED IN FILE DLKI

DTE! PEPLN OP STOP
=STOP
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REF: ER 1110-1-10 - ENGINEERING AND DESIGN - Engineering and Computer
Program Library Standards and Documentation, Appendix C

PART III: FILE DOCUMENTATION

1. REVISION LOG: N/A

2. TITLE: H5320 - Lock Filling and Emptying - Symmetrical Systems

3. SOURCE PROGRAM LISTINGS: See pages 41-52

4. NUMERICAL AND LOGICAL ANALYSIS: A finite difference scheme is used

to determine the flow rate through the culverts and water surface ele-

vation in the chamber during a lock operation.

5. SUBROUTINES NOT DOCUMENTED IN ABSTRACT: None

6. MISCELLANEOUS: The program is part of the CORPS computer system.

CORPS is an acronym standing for Conversationally Oriented Real-Time

Program-Generating System. The program is now operational on the WES

G635, Vicksburg, MS; HIS 66/80, Macon, GA, and Boeing CDC, Seattle, WA.

The source listing on page 41 contains the first line run command and

brief for H5320. This first line run command runs the binary H5320B of

the source listing on pages 42-52 (Fortran source of H5320) and attaches

the WESLIB routines HACCT and RERUN.
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.06/23/76

H5320

0001*#PTlN t4ESLIE/H
5 3 2 0 BPjWESLIB/!PEPIj.PiWESLIB/HACCTI'P

8300 03N'O BPIEF
0999*06FINI SH
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06/22/7a

H532eS

00001*0Pt'N *=;VESLIB/H5320B,r(NOGO)
10000 CHAPACTEP*5 HFILE
10010 COMMON LQZ.LQX
10020 HiFILE-5HH5320
10030 LQZ1=ILQ-=l
10040 PRINT 10
10050 10 FOPMAT(/"XH5320 - LOCK FILLING AND EMPTYING- SYMMETPI CAL SYSTE
10060 &m~z"//)
10070 15000 CONTINUE
10080 CALL HACCT(HFILE)
10090 IFCLOZ.EQ.1) CALL H5320C $16000)
10100 GO Toc20,30),LQZ
10110 30 CALL DATAF(S1 6 0 00)
10120 CALL MAINI( $16000)
10130 PRINT."
10140 20 LQZ=2
10150 CHAPACTEP z!zZ-77Z*2
1016e 16000 ppv'JT, "ENTEID PEP?'N OP STOP"
10170 PEAD 16001, ZZztz
10180 16001 FOPMATCA2)
10190 IF(ZZ ZZ7Z.E'n.2HrE) GO TO 1500e
10200 IF(7 ZZZZ7.EC.2ZAST) GO To 20000

10210 PPINT."EPPOP *** PETYPE"
10220 Go Toj 16000
10230 20000 STOP; END1
2000e .;T-PPO!!TINE H5320(*)
20010 COMMON LOOKB21.YER",K4?lLLZjCI,<2PL0L0L.

20030criN, I ppitI DEL ,DEL2,NSTAPTKK I VAL 1, 1 AL2LIVJE( 201)
20040 DIMENSION XTC201),X}ct'.(201),XCCC 201),.( 201),pp(201),zC201)ZT!'W(201)j
20650 ,Ztc2e01).ZDoq201).,Vc20l),'.mc201),HLIc291,).L2c 201),HLVy(201),HL3( 20 .
20060&1),iiL4( 201),HLT(201),HIC 2 0 1 ),H( 201),XKK( 201), Cx 201),'MVCC 201)
20070 CHAPACTER pmi~*35, AAA* 1,AAB*S,AAC* 10, AAD*8 AAE* 10, CFILE* 2 5

20080 DATA 2,C,D,E,FPCI(1),XKV1(1)/2.2,3.2,.65,.83,.9,9.99,IOOOO.O/
20090 .(K=0;IijALl=0;pIjAL2-0
20100 10~090 FOPMAT(3,c,3F8.3/3x,5F83.3/3Xj4F8.3/3xF5.1,214,5I 2 )
20 1 1 10100 FORMAT 3-.,2F4.O3,A3 5 )
2012e 10110 FOPM~AT(3XlOF6. 3 )
20130910120 FOPMATC"CONDUIT GEOM4ETRY: LDJG i- = "oF 7 . 1," FT. WI0TH

261 50v"-C!TLVE"T OPEPATI OV)", /1,"CHAM2ER GEOMETRY: ',

20160&" LENG-TH- =", F6. 1," FT. WID0TH =11.F5. 1," FT.", /1, "LOSS '*a

201 70&'COEFFI CI ENT: INTA{ V', F7. 3,.', 9'-,OPFTPEAM CONCUI T" F7. 3,,,
20 18 0&7y, -DOUN STREAM CON DIT, F7. 3, /, 1 7x,'"MANIFOL D"p F 7 . 3, ./..3x, ,TOTAL
2019e&(IIAL1JE OPE)",F7. 3 p," LOCK COEF,y5. 3 ,//,
20200a"ELEVJATIONS: tfPPEPR POOL". F7. 2, /, 1 3x,"LOVER POOL",
2021 C&F7.2,/, I1X, "CI:LVEPT POOF", F7. 2)
20220 10210 FORMAT(//,p"VALVE OPENS AT",F7.2,",-mIN. PATE FORP"F 7 .2,
20230r, MINUITES")
20240 10230 FOPMAT( "IALVE HOLDS FOR-, F6. 2,l"-MIN. A" 6 ,"T
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H53 2 0 9 CONT.

2025ft"THEP OPENS AT",F6.2,"-MIN. PATE TO Ft.LL OPEN"/a
2026 0 411TOTAL VALVE TIME .,F6. 2, "-MIN. (N"". 1 3, 1,)"//)
20270 10260 FOPMATC/o"SPECIAL VALVINGTIME"F7.2, ,-MIN."//)
20280 10270 FOPMAT("CTPEME ELEVATION AT TIME 0"
20290&F6. 2,," MIHI"TES",I, "MAX COMPUTED OVER RAVEL o FS. 2*," FT. *.)
20300 10290 FOPMATC // 6X, "VALVE PARAMETEPS'J I S, "ELEVATIONS C FT-DATtlM) "I
203 1 0&'TIME OPEq. CONT. LOSS TOTAL LOCK US VALVE PIEZ.HD DS"o
20320&-- VALVE,/"- (m) RATIO COEF. COEF. INFLOW CHAMBER VELL"
20330w, VALVE WELL". /, 27X, *CFs", 33X, "CAV. PAR.")
20340 10330 FOPH4AT( F6. 2, 2p5.2,p9,.2, p7.0, 4F8.2,p5. 2)
2035e 10340 FOPMATC9X, "RATE", lOX, 'UYEL HDSC F) ". 10l."DI FFEPENTIAL HDSC F)"-/
20360,9X,'PISE VEL. REF. VENA VALVE TOTAL INERTIA OVERALL'./
2?0370&,8,.c,"CpF/M) (F/S) AREA CONT" I1X,'"LOSS"/)
20380 19370 FOPMAT(F6.2,3F7.3,3F.3,F7..3,FS3.3)
2e 39 0 10380 FO!.MAT//, "LOCK EMPTIES TO LOWER POOL IN ",F5.2,"1 MINU'TES")
20400 10390 FOPMAT//,o"LOCK FILLS TO UPPER POOL IN ",pS.2., MINUTES")
20410 10400 FORMATC"ACC.VEL. ERROR TO 1,1,13,11 IS"*Flo. 5 )
20420 10410 FORMAT(//)
20430 10420 FORMATCA1,A8,A1)

20440 10430 FOrMATC 13, 3F6.2, F9. 2, F7.0, 4F7. 2, 4p6.2, SF7. 2 )
20450 NFTART=0
20460 p!!1NT,-DO YOU HAVE A PERMANENT DATA FILE?Y=YES;M=NOll
20470 PEAD,AAA
204,30 IF(AAA.ElJliY)GO TO 10540
20490 PPINT,"VE WILL HELP YOU SET VP YOUR rATA FILE"
20500 PPINT,"YOU MUST SUPPLY 29 DATA ITEMS AND A FILE NAME"
20510 PPINT,"ENTEP YOURP NEW 5-LETTER FILE NAME"
20520 pEAD,AAB
20530 CALL DATAFC s 2 2 275)
20540 GO To 10610
29550 10540 PPINT,"ENTER yotin 5-LETTER FILE NAME"
20560 NSTARTIl
20570 10560 READ,AA2
20575 IFCAAB.EO.5HSTOP ) RETURPN 1
20580 GO TO 10610
20590 10580 PRINT IO590,AAE
20600 10590 FOPMAT("NO FILE "aAS.". E-NTEP FILE VAME OP STOP")
20610 GO TO 10560
20620910610 ENCOVE(AAC, 10420) "/".AAB,"i"'
2e630 ENTRY MAINIC*)
20640 10630 CONTINVE
20650 CALL ATTACH( 1,AAC,3,0,ISTAT,)
20660 CALL TEST(ISTATPIDEC)
20670 CO TO(10670,10580,941,941,10589),IrEC
20680 10670 CONTINEKX1
20690 PEAD( 1, 10 100 TfPE,XN,lPUN
20700 PEADC1,l0 0 9 0 ) Zl,,ZL,Z~t,XLl,XL2,%L3,XL, L5,
207 19 X1,*-CK2*K3,XK4, DT,MN, IVALI PPINIIPPlN2,1 DEL J, IDEL2
20720 1 FCAT35( TPr)LT. 0.99.OT'.AIC TYPE). GT. 1. 01)GO TO 294

20730 IFCI1JALIV.EQ. 2 )GO To 10750
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H5320S CONT.

20740 pEADC1,10110,ENDu10770)cXBBCI),IuIjN)
20750 GO TO 10779
20760 19750 PEADC1,10110,ENJD=10769)SAG,TV1I,T1,TLAG'rV2
20770 10760 CALL VAL2CSAGTV1,T1,TLAGPTV2DTS,N9EIXB)
20780 10770 IF(NSTATT.EO.0)GO TO 10320
20790 PPINT,"VO YOU VISH TO CHANGE ANY DATA BEFORE YO!! START? YES OP NO?
208 00&,
20810 PEAD,AAAIIF(AAA.EQ.IHY) XKIC
208 20 IF(AAA.E'P.1HY) CALL pty!JIcs10630O
20830 10320 CONTINUE:
20840 NSTAPT=0
20850 DT=T/00T=NI*)MN=X;PCNX2X3/X4X5
20360 LO 10930 1=2 ,M+l
208570 IFIG.)B()XBI1
2080 IXT(I) X TCI -1) +DTM
20390 IF(YBB(I).LE.0.2) x~iial.*c3.*c)c.4XBI*2
20900 IFCXBEB(D).GE.0.2) XKVCI)=109**CB-C*XBBCI))
20910 1IFCXEBI ) .LIE. 0.3) XCC( I )- + CE- D) * co-( 3.14159 3*(cxBBC!/S. 60))
20920 1 FCXCECI) .GE. 0. 3) XCCCI)=F-CF-D)*COS((CXBB(I)-.3)*3.1415

9 3 )/1.4>
20930 XxC I ) XK 1+XK2+,%cK3+'K4.XKV( I Y
20940 10930 CONTINY.'E

20950 XKT=XKI1,K2+XK3+XK410.0**(B-C)
20960 XKC= SOPTC 1/XXT); PRINT 1 0950, pv~j; 10950 FOPMATC fA 3 5//)
20970 IFCIPPINI.EO.1)PRINT 10120,oXLIXL2XL3pNCXKL4oXL5
20980a'-CK ,XK2,XK3,XK4,XKT.PXJCZt',ZL.Zp
2099e BB2X'L3*EB3
21000 IFCIVAL'?'.EIQ.2)rPINT 10210,TVI.T1
21030 IF(IIJAL'.E.2.AD.TI.LT.TVI)PRINT 1023@,TLAG,2 2 TV2,T3,-N
21020 IFCIVALV.EO.1)PPINT 10260.T3
21032c SET INITIAL CONDITIONS
21040 IFCTY~PE)11040,110 6 0,110 6 0

21050 11040 7(1)=7_T; PEFZL Z DV1) =7-tV
23660 GO TO 11070
2A070 11060 Zc1)=7zL;ZPEFaZU;ZI'Vw1=ZL
2130 11e70 CONTINUEI21090 X.CC(1)-E3M1=M;M2uMsZ1!'W()a~t!1JOTu.0;ZVCI)mZL
21100 m 3= m

21120(! STAPT NUMEPICAL INJTEGRATION
21130 Do 11270 IUI,m-1
23340 V1+1)=rwEDCTCI ).#V( 1),X'K(I+3)o TYPEP,.PEF*AP. DTS.XL1)
21150 V( I.3)'ZNEWC((I )oil( I )*VC!.I1),AP,DTS-,IYPE)
23160 IFCABSCXLI*CV(X+1I)-V(I M).GE. e5*XK1+13*DTS*VCI+ 1)**2)M3=I-I
21370 IF(I.GTem3.op.I.GTet11)GO TO 31250
2113e Do 11230 jul,10
21190 vci.2)PED(ZAI.3 ).V( 1+1)*XK( 1+2),,YrPE*ZPEF&Aro VTS#'CLI)
23200 uCI1+1)=COnZ(I,*VI),XKU.3) J(I,2),TYPEZPEFAP. DTSXLI)
21210 ZC!iECU7VEV(Z(I),VCI ),VC11)*AP, DTSp TYPE)
23220 IF(ABS(ZCHEC-7(I+1)).LE.0.0003I)GO TO 1124a0
23230 7(I+I)mzCflEC
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115320,r CONT.

21240 11230 CONTINUE
21250 11240 ZdI+1IZCHEC
21260 11250 IFCM2.Eq.M.ND. 7(I.1).LT.0.0)M2=I
21270 IFCM1.EQ.M.ANC.TYPE*CZREF-ZC +I ).LE.0) M101
21280 11270 CONTINUE
21290 EPPORO00
21300 PRINT 10410
21310 Do 11350 1=2.M2
21320 YY=COPRpZcI-1, V(I-1).X'K(I ),UCI+1),TYPEPZPEFPAR, DTSXLI)
21330 EqROF=CYY-V(I))**24EPROR
21340 I F( I *EGM 1) PPINT 10400,1, ERROR
21350 IFU .Eo.m2)PPINT 10400, IERPOR
21360 11350 CONTINUE
21370C END OF DIFF.EQNS.
21380 Do 11690 i=2,m
21390 i)H(I)=(J( I)**2)/64. 4
21400 0 i =Vc I) *XL2*XL3*XN
21410 PR( i)( Q(I)*60.0)/CXL4*XL5)
21420 HI(ISXLI*(1J(I+1)-1V(1-1))/C 64.4*D)TS)
21430 HLlI)=K*i(I)
21440 HL2(I)XX2*i,?{(I)
21450 HLI7(I)=XKV(I)*VH(I)
21460 HL3(I)-XxC3*wHcI)
21470 HL4c1)=XK4 *'q(I)

21490 HCI)=TYPE*(ZPEF-ZC I))
21500 1FU1() .GE.0.0)',i-ICCI)VH*()/(xCC(I)*xBB(i))**2
21510 IFCVCI) .LT. 0.0)Ui{IC(I)=VHC I)
21520 IFCTYPE)1 1 59 0 ,1 1 59 0 ,1 1 5 2 0

21530 11520 !F(V(I).GT.0.0)ZtLh(I)=ZU-CI.0+XKI+XK2)*3{cl)
23540 IF('.TI).LE0.)ZUWy(l)=Zt-( 1.0-XKI-X1{K2)*T1Hcl)
21550 IF( 'ICI).*GE. 0. 0)Zo.( I)=Z(I)+XtQJ*UHC I)
21560I(VI.L..)D()ZI-K*()

21570 I F( CI) *GT. 0. )Z CI )'ZUWC I) +UH( I)-VHV'CC I)
21580 IFCVCI) .LE. 0.0)Z)CI)=ZItV!( I)-'MVC(I)
21590 GO To 11640
21600 11590 ztUw(I)=zu
21610 IF(V(J).GE.0.0))ZDWCI)=Z(I)-( 3.0+XK1+v K2,*VHCI)

21630 IF(VII) GE.0.O)!')(I)=ZDICI)+UHi(I)-VHVC(I)
21640 I F( vcI) .LT. 0. )ZV( I)= tJ( ) -1VH1VC( I)
21650 11640 CONTINUE
21660 IF~kCI ) .LE. 0. 0)CICI )=9.99
21670 IFCVCI).GT.0.0)CI(I)=(Z~7C1)-ZP+XL3*C 1.-XCCCI)*XCBBCI)))'JH.CCI)
21 680&+ 33. 0/'M .'CC 1)
23690 IFCCICI).GE. 10.0)CI(I)=9.99
21700 11690 CONTINIE
21710 XT'X=XTCMI)+DTM*(ZPEF-Z(Mi))/(ZCMI+I)-ZCMI))
21720 XTM=XT(M 2 )
21730 ZOT=Z(M2)-ZREF

145



H5320

06/22/78

H15329S CONT.

21740 IFCMI.EO.M)PRINT"LOCC OPEPATION IS NOT COMPLETE"
21750 iFcm2. EQ.M) PRINT,"LOCK DOES NOT COMPLETE OVEPTFAVEL"
21760 1IFCM I.LT.M.AND. TYPE. GT. 0.0) PRINT 10390.XTKc
21770 IF(MI.LT.M.AND.TPE.LT. 0.0)PPINT 10380,x
21780 IFCM2.LT.M)PR1NT 102 7 e.)CTm,ZOT
21790 PRINT 10290
21800 PRINT 10330,CXT I ),XDB( I),XCCCI),XKVCI), 0(1 ),ZCI),ZUIV(I),
218 IO&ZV( I ).ZDW( I),CI (I), 12 1N, I DELI)
21520 PPINT 10330, CXTC I),XBB( I),XCC(I),XKVC I),0(I),ZCI),ZUV('I)a
2183eL!VCl~,zDV(1c),ClcI),12N+1IDEL2,M,IDEL2)
21840 IF CIPPIN2 )1I 9 00,11900,11840
21850 11840 CONTINUE
21860 PRINT 10340
21670 ?PINT 10370,(XTCI),P~PcI)AVCI),VJHCI),VHVJC(I),HLV(I),HLTCI),
21880&HI(I ),H(I)pI1.lN,IDELI)
21890 PRI4T 103 70,CXTCI ),PRCI),V(I)oVCIl),VH-VCCI),HLVCI),HLT(I),
21960aR1 (I) H( 1), IN+I OEL.2,M, IDEL2)
21910 11900 COVTIW"E
21920 PPI'JT, "DO YOU NEED TO STORE THE OUTPUT IN A DATA FILE?Y OP. N"
21930 PEADAAA
21940 IFCAAA.EQ.IHN)GO To 320

. Ll 21950 PPINT.,ENTEP A S-LETTEP FILE NAME"

220F30 ENtCO DECAAE, 10420) '.,AAD,""'

22020 CALL ATTAC(2AAE,3,0*ISTAT,)
22030 CALL TEST(ISTAT.IDEC)
220410 GO TO0 72, 173, 175, 175, 1 7 5 ),IDEC
22050 173 CALL ACCESSCCFILE,s175)
22060 172 CONTINL'E
22070 CALL ATTAC:(2,AAE3o)
22080 CALL HEADER(M)
22090 Do 12075 1=1.m;1 2 075 X)(VCI)=ALOGIOCXKVCI))
22100 I.PITE(2, 10430) (LIt4ECI).XTCI),XEB(l).XCC(I)XIV( I),PCCI)Z(I)*
221 16s71~iw(I),7V(I)ZDCI ),CI(I)RPcI)ovci)fl1i(i ),IJHVCI),1ILV(I),-

22136 61 CALL D)ETACH-C2p,)
22140 PrIT 160,AAD
22350 16(d FORMAT("YOUR OUTPUT VALUIES APE STORED IN FILE ',.As)
22160 59 FOT1MAT(A4,Ak3,r,3)
22170 GoO 320
22180 175 PR!NT,"FILE PPOELEM;ILLEGAL CHAP;BtVSY;OP SYSTEM PROBLEM--
22190 PPItNTp"O1YTP!.TT VALUES NOT SAVED AS REQUESTED"
22200 320 CONTINUE

.422210 GO TO 293
22226 294 PRlINTo,PnoGPANMED STOPJTYPE NOT EQUIAL I OR -1"3RETUPN 1
22230 943 PPINT 94 6 ,ISTAT
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H~5320S CONT.

22240 946 FORMATC"FILE PROBLEM. CALL FTS 542-2403 AND GIVE THIS NUMB
22250&EP ,,012)
22260 293 CONN'!UE
22270 CALL DETACH( l,,RETI'PN
22275 22275 RETURNJ 1
22286 END
22290 FtINCTION PPED C ZST.. VST.XKF. ?fPE, EREF. ARDTSXL 1)
22360 XC=64.4/XKF)*C YPE* ZREF-Z ST) -VST*C. S*AP*DTS-XLI/C 3 2 . 2 *DTS)))
22310 xB~c64.4/(KF)*(.5*A-*DTS+XLI/c

3 2 . 2 *rTS))
22326 I F(C.GE.0.0) PRED-. 5*Xa.S*SQRT(XC9**

2 +4.*XC)
22330 1 FCXC.LT. 0.0) pRED * 5*xB-. 5*SQp'jCxB**2-4.*xCC)
22340 RETTYPN; END
22350 FU'NCTION CORR (ZSTPVSTXKF.VIAHTYPEZPEF.,AR, DTSO.XLI)
22366 XC=C64.4/X1{F)*( vPE*CZREF-ZST)-.5*VST*AF*DT5-XLI*CVAH-VST)/
22370Lc 64. 4 *DTS))
22350 xB=32. 2*AR* DTS/XKF
22390 1 F(XC. GE. 0-0) copp=. 5*XB+ * SoprCxB**

2+4 .*XC)
22400 1 F(XC.LT. 0-0) COPR. 5*KB. *'ORTXB** 2 -. *XC)
22416 PETt'PNIEND
22420 FUNCTION ZNEW (ZST*VST.PVF*AR, DTS.iYPE)
22430 ZNE%?!-ST, YPE*.5*AR*DTS*(VST+VF)
22446 P ET"?PN; &VD
22450 SIYDPOITINE TEST( I STATI DEC)
22460 DIMENSION ITEST(5)
22470 DATA ITEST/OOO,OOS,O

3 7 ,O 4 .0 3 4 /
2248 0 I DEc=

3Ii 22490 1 STAT=FLDC 6,6,1STAT)
22500 IFCI STAT.EQ I TEST( 3).OR. ISTAT.EO. ITESTC 1)) IDECI
22510 IF(1STAT.EO.ITEST(

2 )) IDEC=2
22520 IFCISTAT.EQ.ITEST(

4 )) IDEC=4
22530o IFCISTAT.Eg.ITESTC5)) imEc5
22540 RE TUPN; END
22550 Stvl2"OtITINE VAL2CA, TV1, TIP TLAGP TV2 p DTS,*N, EBI*XBB)

V1 22560 DIMENSION XTC201).XEBC2 0I)
22570 2=.B]100DMDS6jSXl)OOpr3159
22580 IF(TV1-D)TM) 132, L86, 86
22590 132 PPINT,"YOtlf 1ST VALVE RAT~E IS LESS THANJ ONE TIME STEP"
22600 PRINT,"ENTEP VALVE OPENING PATIO AT END OF IST TIMlE STEP"
22 610 10 F.A D, BB 1
22620 T 1 =0 - 0

22630 186 CONTINUE
22640 IF( Till - GE. DT)I)E01T1/TVI-A* SIN( PI*TI/TVI)
22650 T2s=BBI*TV

2

22660 Do 214 Jul,6
22676 T2NJT2S,(Tv2*EEI-T25+A*TV2*SIN(Fi*T

2 /TV 2 ))/
22680Lc 1.0-AP*rCoSCPI*T

2 S/TV2 ))
22690 IF(AESCT2N/T 2 5-l.O).LE.0OOl) Go To 215

22760 214 T2S=T24
22710 215 CONTINUtE
22720 T2=TI+TLAG
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H5320!! CONT1.

22736 T3-T2-'!2c+T'12
22740 N= 3/ CTM 2
22750 Do 52 1=2,N
22760 1<T-I4Tt
22770
22780 IFCCI)GTTI.AND.TI).LE.T2)'(EE(I)0e1
22790
228 S0&/prv2)
22618b 52 con9, IN-E
22320 I~P()G.10 ().

223 3e PET?'-N; EN D
22340 !S'BrO"1NE IDATA(*)
22359 COMMON
2260<1,-2,K3*'K4, r~~m I JAL7N, E21,AAE. Tly1, 1, TLAGA T'12,AACo FAG. IY!r

2238e CA"ACrE! VTN*35,AAB*83,AAC*10,CFILE*24
22690 IFCLP'V.EV.3) GO 'TO 11520
22900 ENT ""Nl(*)
22910 lF(LrC%.EtQ.2) GO TO 11520
22920 CALL FIIN T
22930 1F(-.JrTA"-.Ef).0) GO TO 11520
22940 LQZ=2.PEV.IND I
22950 11520 iKK=29

22960 GO TO C I L 12,T
22970 112 CALL P~TNK(,0<JL
229430 Go TO(1,2,3, 4 ,5,6,?,S, 9 ,10 I1I 12 , 13114, 15,1 6 , 17 ,8, 19 , 2 0, 2 1,2 2 , 2 3 ,
22,)90&24, 25, 26, 27j 28, 29, 30) ,~
23000 111 CO.'J'IN?'E
23010 GO To (1, 1 12 ) ,L Q'
23020 1 -r~lJ,*AA-E!J"Et) 1=FILL;OP - I= NP-,OP' 0=TE'MI!PjA-E NOW"
2303Z PEAD, -YIE
23040 IF(AF!Z(TY-E).LT.0.99)GO TO 174
23050 Go 'roC2,112),Lm7
23660 2 1~ ~f-" ~YO"15 rPOLLEM NAME"
23070 -EAD 33, P"N
23030 33 FOPMATCA35)
23090 co 'o (3,I112) ,L07
23100 3 !'P1z .,AC-FLVJEe 1ml-Ctt.O 2=-lLI On!'ATON4"
231 10 W--EAr,' !J
23120 G) TO(4, 112),Lr OL L'ATO3

233 P)rpJT,"AEr3Er LOWPE! POOL ELEVATION"
23170 PEAL, 7L
E3130 GO TO(5, 112) , LP

2319e 6 ""NAFET! Ct'L". POOF ELE'?ATION'"
23200 tir
23210 GO TO( 7,112), LCIT
2322C 7 r-NP"A-NE C"Ll'. LENGTH"
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23230 PEAD,'Ll
23246 GO -OC,112),LgZ
23251b .3 PPINT,"AJ4-E.-'EP C?.Ll. WIDTH"
23260 DEAL.XL2
23276 GO r(3(9,112),L*7'
23280 9 PPIN1T."AZ-ENTEP C"ILV. HEIG-AI
23290 PEAD,-L3
2330e- GO TOClo,l12),LO?
23310 10 PPINT,"AJ-EN'Eq CHMEEP LENG1rHV
23320 OEAD,N(L4
23330 Go rOclj,112).Lf)Z
23340 11 PPIKNT,-AK-ENTER CHAMBEO WIDTH@.
23350 PEArXL5
23366 0 GOrTO12,112),LQ7
23370 12 PPINIr,-AL-E!NTEl CY'Lly. INTAKE LOSS COEF.O
23380 PEAD.-K1
23390 GO TO(13,112),LOZ
23400 13 PPIN9,-"AM-ENEP TT -S Cl'!.') LOSS COEF."
23410 PEAD,'vK2
23420 GO TOC14112),LQZ
23430 14 PPINT,"AN-ENTEV D-S CT'.').- LOSS COEF."
23440 PEAD,VK3

23456 GO To( 15, 112),-LOT

2349 16 PINT,-Ar-ENTEP TIME STEP IN SECONDS"
250PEA DoDTF

23516 GO TOC17.112),L(Q7-

23520 17 POI34T,"A0V1-ENTED TOTAL 4O. OF CALC. STE!'S DESIPED"

23540 GO -rOc13,112),LOZ
2355(d L3 PIN,A-4TE!* TYPE OF VA1.VINGC I oP 2; FEE TABLE)"
23560 PEAC, I ItALly
23576 IF(X'!AL T.E'0.. 2 ) GO0 'ro 50
23580 GO TO(19,11556),LO.
23590 11556 L*?,=1
23606 19 PIN'r,..ASqENTP NO. OF P~ATIOS TO BE E VTEPED"
23611? w7EAD, N
23620 GO TO(20,II2),LG7-
23630 20 P1N',"AT-ENT0E0 VALVE PATIOS(SEP. BY-COMMAS).
23640 PEAD, (XB(I ) P101 tN)
23650 IF(Il!ALl.EQ.0.AND.1VAL2.EO.l) LQZs2
23660 It'ALI&I
23670 IFCKtK.EQ.1) L07.2
23630 GO To 66
23690 56 GO TO(21,11591),LOZ
23706 11591 LQ3Z 1

23716 21 r--INT,"'"-ENTEP I"ALI7E SAG"
23726 PEAD,SAG

149
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2373e GO ro(22, 112),LQP-
23740 22 PPINT,"Av-ENTEO FIPST VYALVE PATE"
23750 FEAD. TV I
23760 GO TO(23,112),LQ?
23770 23 PIN'T,"AW-E4rE- TIME VALVE STOPS M1OTION MIN'TES
23780 PEAD, TI
23790 GO TO(24,112),LQ'.
23800 24 POINT, -A'%-ENTER DT.'PATION OF STOP( MINU'TES)"
23810 T'EAr,TLAG
23320 GO TO25,112),LQ;
23830 25 PPINT,*"AY-ENTEP FINAL VALVE PATE*
23840 PEAC, TiY2
23350 1TU 'FALI.Ern.I.AVND.IVAL2.Et .0) LQZ=2
23360 1 TFAL2-1
2337e IFCK!K.EQ.1) LC-72
23830 60 CON'rIJE
23390 GO 'rOC2 6,112)..LIZ
23900 26 I S'r OTTttT CONTPOL; 1DO,SmrO NOT PPINT"
23910 t-EA,I"VINI
23920 GO TO(27,tl2),LrO7
23930 27 PPINr,"BA-ENTE- 2Nr OtTptvr CONTPOL; 1trO,O=DO NOT PPINrr"
23940 FEAV, IOPI N2
23950 GO TOc 23, 112) ALQm,
23960 23 PPIN~r,-P-EVPrE! FIrST OtyrTIT PATE; 1EI'EPY IIAL!'E"
23970 PEAD,I DEL I
239,30 GO TO (29, 1 12) ALGZ
2399f, 29 rpINrT, C-ETEtP FINAL OlTT"'IT PATE 2 E'Y. 2ND VALV'EI24000 flEAD, IVEL2
24010 CO TOC30.112),LrGZ

24030 LINECI)=1 80

24040 ro 54 J=2,!41'10+6
24e50 54 LIMECJ)=LINE(J-l)+2
24060 ENJCODE(AAC, 55) "/ . AAE,;"
24070 r~) 62 J~ls+1,N+10
24030 62 Crp(3J)=XRS(J-I)
24090 V'JCOVE( CFILEA 59)*"CP of".. AAB ".# B/ I a 1 .. wl
24100 CALL ArrAC~l(1,AAC,3* 0 pISTAT,)
24118 CALL *rE!TC I SAT, IDEC)
24120 GO TOC 172, 173, 175, 175, 175),IDEC
24130 173 CALL ACCESCSCFILE,l 1 75)
24140 172 CON'INTfE
24152 CALL ArTACH ( IoAAC 3p
24160 v.vl TE1, 56) L)IJE )TYPE,XN, PT'"L NE( 2),VY,~jZL,,~LINE( 3) A

24190 rO 58 J11,N/10+1
24200 IF( I ALI?. EQ. 2) yI TE( 1, 57)LINE( 6).. AG.T111, TL,TLAG. TV 2

24210 IF(I'?AL'l.Ep.2,GO To 61
24220 58 tVE(,7LNj4)(ECIl*-IOJ)
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H15 320s, CONT.

24230681 CALL DETACH C I,
24240 55 FO PM'AT(A1, AS, A I
24250 59 FOT'tA(A4. AS. A12)
24260 56 FO OMAT( 13* 2F4- OpA35j ,,13, 3FS 3,,13. 5F8. 3a /o131 4F. 3* /a
24270&13, FS. 1, 214, 512)
24230 57 FoPrMATC 3, 1 F6. 3)
24290 GO To 200
24300 174 PINT,"POGrAMMED STOP'YPEWPEI1IE'd YO"WP DATA"; PETtvpm I
24310 175 VflINTFILE PPOFLEMS; ILLEGAL CHAPACTEPEt'SY;OF SYS5TEM1 P0.0.'
24320 200 IF NSTAPT.EtQ.1) GO TO 1192
24330 rE'1'P!J
24340 1192 NSARO=0L0Z IJPET"~pN 1SENr
24350 S?*BPOT'TINE IDINTT
24360 CHAPACTEP AAA*I
24370 rpPINT,51-(OT'LD I PPINT A TAFLE OF INPt'T CODES?Y-YES;q.NO.
24380 PEADAAA
24390 IF(AAA.EQ.111N)G To 4
24400 PPINT 2
24410 2 FOPNATC-CODE VAPIAPLE", 17,'DESCPIPTION"*/
24420L"AA TrYPE", 3x, "1 F!LL; - -EM 0= TOz~EPM!4ATE ~~~
24430&"AB PUN", 4X, "PPOPLEM NAMEC 35 SPACES AIAI LABLE) "I
24440L"AC XN',5'(,-ONE CvtLv.J2--rO C"'LIIEPT OPEPATION-/
244504"Ar Z "", 5XA "t'PE POOL ELEV.(FT-rATI1M)../
24469&"AE !L-, 5!(, "LOI;EP POOL E..EV. (FT-rATtN) "/
24470&"AF ZF"o SX, "C"LVu. POOF ELE'J.(FT-DATTM') AT V7ALVE"/
24430L"AG, XLl-, X "C'L'). LENC-Tfl( T) "I
2449 0&s"q <L 2", 4X,*"CT:Llf WI DTH( VT)../
2450&"Al XL3,Z&4K,"CTpLV. HEIGml(FT)"/
2451 0&'AJ 'KL4*",4 K* CAMBiEP LENGT1H( T)../
2452 0&)
24530 ~pINT 3
24540 8 FOPMAT(
24550s"AWc %L5, 4K, "CHAMrEP WI D'rHC T) "I
24560&-'AL V'<1,4",'!-NTA{E LOSS COEF."/'
24570t"Arl --X2-,4Xo~v.c CONJD"!T LOSL COEF."/

424530&'A!4 XK3*,4X,"r-F CONDUIT LOSS COEV."1/
2459 0&'AO XK41, 4% * "E%'U LOSS COEF. "I

(246009/"NOTE: LOCK COEF. 501'APE 1VOOT OF 1/(XK1,xX2+3+' K4+0.1)-/f
2461 0g"AP rTS", 4X, "TIME STEP( SEC.) FOP CALC"ILAT! ONS"/
24620&'AD M",,6-<"NO. OF STEPPEIC 11ALt'ES(INC.- TIMEO.-0)",
24630g"AP I'.FALly", 2X,'"VALVE OPTIONS: 1=POINT-BY-POXN4T",
24640s, 25x,ll2 1'SE PPOGPAMMED FU'NCTI ONS"/'

24660&"AF mJ',6--,'NO.OF VALTIES OF VJALVE OPENING PATIOS TO PE PEAD".'
2467f6&,1Iv,*"(INCL.0.0 AT T1ME=0.O AND 1.0 AT VALVE F!'LL OPE4)".'
2463G0s, I 1', '-rH-~e VALTIES APE BTS SEC. APART~c EE AP,ABOV.E) "1
2469 0&"A'P %BB( )"-, X, "N 'JAL'YESC SEPAPATE V.I 'II COMMAS) OF"
247I00&/, IX,"vAL')E OPENING PATIOS"/'
247I08/'IF I'7AWt72"//
24720&"At' rAG'. 4X,"NO PMAL SAG AT 1.'2 '?ALVE TIME( APPPOX. =0. W-"/
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247 30&)
24740 ppINT 6
24750 6 FORtIATC

24760&'.A" TVI", 4X, "INITIAL OPENING PATE(MINS. TO FULLY OPEN)"/
247 70&'Av Tt-,5X,"VALVE MOTIO~N STOP! AT T1 MINE.~/
24780&L"Ax TLAG",3X,**'YALIJE HOLDS POSITION FOP TLAG MINS."/
24790&..Ay TV2-,4X,"FINAL OPENING PATE(MINS. TO F'tLY OPEN)--/
24,3004,'NOTE: NON- 5TEPPED OPENING; TtmTVI ,TLAcSU6. , TjY2Trv1/
24c3I0&/NOTEZTHE NE'-T ITEMS CONCEWN THE PPINTED 0"'oyPt'T"/
248 20&-Az IPPIN1"1'C."UPNTS OtT ITEMS AA THP?? AO*ABOVE"*/
24330&,IIX,-0=CO NOT PPINT ITEMS AA T1{PU AO"/
24340WsA I !,IN2",ljX, "Loss ri STpI EvTiONs; 1PR1Nr.0wD0 NOT PPINT"/
24d50&-BP IDELI PRINT 1ST AND Elf- IDELI*rT5 SEC TO VALVE F'ILL OPEN*,/
24360,-'EC irEL2-,2x"PRINT EV. XDEL2*DTS SEC. TO CN-1)*DTS SEC."//)
24370 4 CONTIN"IE
2460 pETvvN; END
2489e !F??EPOIJWINE HEADERCN)
24900 14840 FOF'MATC"08 H5320 IS 15 EDGE"/"09 (15C/),(3Xc,3F6.2,F9.2,F7.e,
249 101"7-7. 2, 4F6. 2, F7.2)) *',**zo, aSC lX.z3)/," 1-1",- I"" ))
24920 14860 FOMATC'12 C1101YE DESIGNATIONS Fop H5320 APE2'*/113 lmTME-,2
24930&4'<,"0=CAUITATION PAPAMETEP"/'*14 2=VALVE OPE'1lING PATIO" 9 X.#"11PA
24940&TE-OF-p1 FE"/" 15 3=CONTPACTI ON COEF."1, I k, .. 12=IIELOCI TY AT REF AREA
24950a,'16 4=LOGCIVALIFE LOSS COF),',1uJLC-r HD AT PEF ApEA"/"1
2496(6&7 5=70TAL lNFL0V..'16'X,-1=laELOCITY HD AT VENA COqT",/,*l8 6-LOCK V
249 ?0&ATEP SPTRFACEC '!- S)",95X."1 5zHE:ALLOSS THP1' 'IALVE/" 19 .701-,/ VALVE WE
249drULL !-- 10,",',16=TOAL HEADLOSS,/-20 dPIE7! HDP ELO.W VALVE"9x,--17
24990&=INEPTIAL TEFRM"/"21 9=D/S VALVE WELL 7S,0.'iVeDIFFEVENTIA
25000&IL"/,,22 "'NITS FOP ABOVE IYAP1ABLES APE-'/-23 MIN'E-1",8X,"-FT/MIN
25010&= 1I1"p'24 NON~E= 2, 3, 4, 10, 4XP "FT/FECm 12"/1*25 CFSS", I2'(."FT=I3, 14,
25020&r5,I6,17,3-/*-26 FT-DAT?14=6, 7 ,8,9-")
25030 it'pIi'E(2,14640) CM,Is 1 ,15)
25040 VPITEC2,14360)
25050 PETI'1'N

4 25060 END
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