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B. PROGRAM SPECIPICATIONS
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[C. METHODS - .
The program is written in G635 time-share series, FORTRAN IV, and is
part of a Conversationally Oriented Real-Time Program-Generating System

(CORPS). The program consists of a main program, three function subprograms,
The specific function and relation of all these routines
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and six subroutines,
can be found in the FUNCTIONAL FLOW CHART, PART II: COMPUTER FUNCTIONAL
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é’ < 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.
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All inputs for program H5320 are either read from a permancnt 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
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:{ :‘:‘_ Programs Library, Technical Information Center, WES.

., 81 8 9 ngq |

NG PORM
1 AUG &0 2883 PREVIOUS EDITIONS ARE OBSOLETE.

-




H532¢

PROGRAM SPECIFICATIONS:

Language: ANSI FORTRAN (FORTRAN IV)

Solution Requirements: The run command

RUN WESLIB/CORPS/H532¢,R

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:

2
V)~ _ L sil)
(ky + ky + k (8) + kg + k) 52 = e[Zref - Z(t)] t g (dt
Where kl N k2 R k3 , and kh = constant loss coefficient values

for the intake, upstream conduit, downstre

manifold.




k()

v(t)

' dv
4 dt

H5320

the valve loss coefficient which is a variable during
valve opening and has a preset value of 0.1 for a full
open valve

velocity of flow at a reference location in the
culvert(s) at time t , fps

acceleration of gravity, 32.2 ft/sec2
operation type (¢ = 1 for filling; € = -1 for emptying)
upper pool elevation Zu (filling) and lower pool
elevation Z (emptying), ft-datum

water-surface elevation in lock chamber at time t ,
ft-datum

culvert length, ft

rate of change of velocity of water in the culvert at

time t , ft/sec2

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: T722-F3-RC-5J1

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

b. Time Dependent Values.

(3) Time (t), min.

(4) vValve opening ratio (b|B).

{5) Total inflow (Q), cfs.

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

(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 (zuw)’ ft-datum, in the upstream

valve well.
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(10) Water-surface elevation (zdw)’ ft-datum, in the down-
| stream valve well.

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

1 (12) Cavitation index (o).

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

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

(15) Head losses (Hgl, Hgo, Hgy, Hg3, Hgl, and Hpyr), ft, for
. culvert intake, upstream conduit, valve, downstream con-
¢ mn,whatuﬁ,mdwwﬂlwhatwmmhh
respectively.

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

ot e em

(17) Overall drop (Ht = Hpy + Hyp + Hgy + Hpg + Hpy + 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-

M.

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 (1la) and (2), or (1b)
and (2), in the following listing.

‘ (1) Conservation of Energy.

(a) Normal Flow KV _ e(z

-z) - K, (1a)

ref
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!
or
-KV2
(b) Reverse Flow T = e(Zref - 2z) - He (1v)
(2) Continuity (Normal and Reverse Flows)
dz _
rralialic ArV (2)

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

with the following exceptions:

K=k, +k_+k + k_ +Kk,; where and K are known functions
1 2 v 3 L v

‘ of time.
( € = 1 for filling
-1 for emptying
. Ar = AL/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 i
surface; dz/dt is positive for a rising water level.

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

L1}

Z ZL for filling L

Zu for emptying
: V=0

K=

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

(At) to a new time (ti+l =t ¢+ At). Values of i that are of specific
interest are listed below. 1
| Value of i Condition

Initial value (i.e., ti = 0.0)

1




;: H5320
‘ Value of i Condition
] N Valve is fully open (i.e., ki = ki for i > N)
M Lock operation is complete
Filling: Zypoy © Zu 2%
Emptying: ZMl-l > ZL > ZMl
M2 Maximum overfill or overempty
Filling: ZM2-1 < ZM2 > ZM2+1
Emptying: ZM2-1 > ZM2 < ZM2+1
M Final value (i.e., ty = (M- 1) at)
Known: Vi , zi , Ki+l ’ Ki+2
:i 1st Prediction Vi+l = Fp(zi, Vs Ki+1)
z;,, from equation ()
2nd Prediction: Vi+2 = Fp(zi+l’ Vi+l’ Ki+2) .
v v
_ i+2 i+l)
’,g Zi4p T 2441 Y E ( 2 A8t Iteration loop A
Corrector: Vi+l = Fp(zi’ Vi and Vi+2’ Ki+l)
2541 from equation (k)
Letting superscript J = 1,2,3, ..... represents the number trials

(loop A above), the sequence is terminated when
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) 1371 < 1107

- {2y
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

2 _ 2g [ L dv ]
V.. =+ e(z -z,,..)-= (3)
Ki+l ref i+l g dti+l

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

The predictor is based on the backwards difference

vV, . - V.
av._ _ Yivl T Y4 (5)

dti+l At

Whereas the corrector uses the centered difference

- - >
\ 'it '
d L _it+2 i (6)

dti+l 24t

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.
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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 Zu upper pool elevation
Emptying ZL’ lower pool elevation
2. Variable water-surface
elevation (z) Both lock chamber water-surface
elevation
3. Reference area, A Both A= ncAc, where Ac is the
cross-sectional area of the
culvert immediately below the
valve, and n equals 1 or 2
for single Cor douole valve
operation, respectively.
4. Flowrate, Q Filling Total inflow (outflow is negative)
Emptying Total outflow (inflow is negative)
5. Reference velocity, V Both V = Q/A
_ K, v|vi s )
6. Intake loss, Hﬂ'1 ="1'" Filling Headloss at the culvert intake;
2g Kl is constant
Emptying Headloss between the chamber and
the culverts; Kl is constant
7. First conduit loss, Both Loss in the culvert upstream from
the valve; K2 is constant
B, = K2V|V|
2g
K, v|v|
8. Valve loss, H, = ——— Both Loss at the valve (K 1is a function
v 2g . ; .
of the valve opening ratio until
full open; Kv = 0.10 thereafter)
9. Second conduit loss, Both Loss in the culvert downstream from

Ky v|v|

H£3 T 2g

the valve; K3 is constant




Type of
Item (Refer to Figure 1) Operation Description
K,V |v]|
10. Exit loss, H£4 i P Filling Loss at the ports into the lock
g chamber, K4 is constant
Emptying Loss at the downstream exit from
the culvert; K4 is constant
11 L1 L dv : 2 " "
11. Inertia “head He = E-EE- Both The inertia "head" is placed at the

downstream end of the culvert (i.e.,
along with H ,); L is an effective
culvert length, g is the
acceleration of gravity, and dv/dt
is the rate-of-change of velocity,
V, with respert to time, t.




H5320 [

PART 11:  COMPUTER FUNCTIONAL DESCRIPTLON

1. REVIOION LOG: /A
2. FUNCTIONAL FLOW CHART:

{AIN1, secondary
ENTRY to HS32¢

erun
F

m ‘




H5320

data file

NSTART=1

READ: name

v
lentry Mamni |}

FrEsT] ]

GO TO depending IDEC

1 I 2 417 3 ] RAAT 5 PRINT: no perm file
| T

re-enter name

N

[* Jj‘k PRINT: file prob,
WQQ—L—J

[

READ INPUTS from perm file: type of operation, no. culverts, title, upper ‘ RETURN ’ :
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
calc steps desired, nLo. of valve opening ratios, valving option and output

parameters ’

READ INPUTS from
perm data file:
valve opening
ratios

READ INPUTS from perm data file: valve
sag time, first valve rate, time valve
stops motion, duration of stop, final
valve ratio

valving
point by
point

ctemma

T
VAL2 .
Change
any data before RUN1, secondary | ] T

start ENTRY to DATAF

10




Computer valve contraction ratios, valve loss
coefs and sum of loss coefs for each time step

1

PRINT: input variables as specified by
output params and velving option

L

set initial conditions, compute culvert
velocity and lock water surf elev using
functions PRED, ZNEW and CORR for each time

step .
1

' Compute accum vel error J

PRINT: error

H5320

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 contracte, HD loss at valve, total HD

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

1

PRINT: outputs as directed
by output params

RETURN

time related

[[ resT |3 69 10 depending IDEC
1 ]2 [ 3] 445

create file

WHITE: time related variablcsz
to perm data file




set IDEC = 1

]

H5320
L resd | [lpren ] ]
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
!
- RETURN
= octal @¢ file exist or is
or octal 37 already in AFT,
U enew (]

compute water surf elev in back

3 file does chamber using velocity at a
‘ not exist, given time
IDEC = 2

RETURN

i : file busy
I IDEC = &

1 cong ]
i

velocity correction function use
central difference to compute
culvert velocity at a given time

illegal
char in
file name
IDEC = 5

RETURN

Cam D T :

WRITE to perm data file: a header to contain the
format of how time related variables are written,
number of variables and what each variable is.
This info will be read by CORPS graphic routine or
by use with his own routine

(
J

e

RETURN




rerun
been called

Textry povy 1 1

LQZ = 2, rewind
perm data file
L

all 5;;22;—1

READ: desired N

inputs only

» READ:

EST

GO TO depenzing IDEC
r—112[311{i5

PRINT: file prob
illegal character
busy, syst prob

WRITE: &1l input é_J, - - )
to perm data file / —lcreate file -




valve rate
< one time
step

PRINT: L.st valve rate
< one time step. Enter
valve opening ratio at end
of 1st time step

1READ: ratio

Compute valve opening ratios and
number of time steps required to

fully open valve

,

RETURN

PRINTT

print
table of input
codes

PRINT: tablel

4
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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 66/88, 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 H532f via the COMMON ;
statement. If the inputs are entered from an existing data file, then {
the inputs are read directly by H532¢. HS532¢ 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 H5324 .
To write:
56 FORMAT(I3,2Fh.§,A35/13,3F8.3/13,5F8.3/13,4F8.3/13,F5.1,2I4,5I2)
57 FORMAT(I3,1fF6.3)
To read:
1#1¢¥ FORMAT(3X,2FL.#,A35)
14@9¢ FORMAT(3X,3F8.3/3X,5F8.3/3X,4F8.3/3X,F5.1,2T4,512) }

14118 FORMAT(3X,1fF6.3)

15
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Refer to line numbers 2416¢-2418¢ and 242@@ or 2422¢ for variable
matchup of the above write formats. Refer to 2¢69¢-2¢71¢ and 2¢T7Ly or
2¢76¢ for read formats. These line numbers are in the source listings

on pages 5@, 43, and 44. An example data file is:

106 1. 2.EXAMPLE 2

loz 262,800 169,502 128,000

144 390,008 12,002 14,200 685,408 86.000
g6 0,200 0.060 0.180 0.858@

leg 120,86 31 1721 @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 2L9@P-25¢20 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.
1p43¢ FORMAT(I3,3F6.2,F8.3,F9.9,L4F8.3/F9.2,2F6.2,F8.2,5F8.2)

Refer to line numbers 221@@-2212¢ in the source listing on page 4G for

variable matchup to the format. An example file is:




‘ H5320

83 HS320 13 15 ECGE

09 ¢15¢/),¢3%¢,3r6.2,F3.3,F9.0,4F3.3/F9.2,2F6,.2,F3.2,5F8.2)) 4
1¢ 31 3t 31 3¢y 31 31 31 31 31 31 313K 31 3 33 3 o aMm

11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

12 CrpvE PESIGNATIONS FO© H5320 APE:

13 IsTIME 10=CAVITATION PAPAMETEP

14 23vyalLvE OPENING PATIO 11=PATE-QF-PI €E

1S5 3=CONTRACTION COEF. 12=vELOCITY AT PEF APEA

16 4=LOG(YALYE LOSS COEF.) 13=vELOCIT™ HD AT PEF APEA
17 S=T0TAL INFLOW 14=vELOCITY HD AT VENA CONT
18 6=LOCK VATE® S"PFACE(W-S) 1S=HEADLOSS TH®!" VALVE

19 7=rye vALWE WELL w-¢ 16=TO0TAL HEACLOC®

20 3=vlE7 HC BELOY YALVYE 17=INEPTIAL TE®M

21 9=rse "ALYE WELL w-¢ I8=w-.¢ CIFFEPENTIAL

22 "NITS FO™ AEOQOVE VAPIAELES APE:

23 MINTTES=1 FT/MIN=11

24 NONE=2,3,4,18 FT/SEC=12

25 CFs=5 Fr=13,14,15,16,17,18
26 FT-CATI'M=6,7,8,9 :

-
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262,500
93,30
61,963
85,24
259,363
§3.26
£%2,926
85, 64
252,421
69.71
€52, 5es
89,e9
e52.674
87.33
52,33
86.54
eb52,97¢
85,25
el 117
33.95
€53, 4F3
de,7¢
e53. 47
l.4cC
2£3,5¢1
[
L6332

o
ev 4

.
(SR TRvA
) -~ O

«S54,712
Tho 45
g21.147
18,32
C4h, 67
RN A
EaB, YT
L P9
C34.kot
64,14
ZEC e
Ce, 27
eZ@, 407
61,19
215,41
59,5¢
Yle, 70l
3. e(
E1l1,508
50.9%
w15t
4.7
21 5.5
1
Q

10¢ e, o. 2,30 4. 0@ e. 169,580
9.99 e, 8. Q. e.’ 93.30

102 @.17 e.11 @,73 2,11 2190, 169.656
2.8 2,23 6,52 .66 95.97 34.19

184 ¢,33 @,23 €,78 1.47 4453. 178,249
2.71 4,53 13,25 2,73 14.51 719,74

166 @,5¢ 0,38 2,65 0.98 7548, 171,267
8.39 7.63 22,47 7.84 126,83  75.53

123 ©.67 2,33 0.65 8.98 7737. 172.564
2.32 7,33 £3.€3 3,23 133.29  77.35

11¢ 2.3 8.33 9.65 2,98 7699. 173.373
6.23 T.84 £2.91 .15 131.9% 78,53

112 1,26 8,35 £2.65 2,93 7644, 175,175
8.35 7.73 £2.75 d.e4 13@.i1 11,46

114 1,17 2,33 .05 8,93 7533, 176,407
.37 17.72 22,53 7.92 123,20  76,3%

116 1,33 ¢,34 ¢.65 €.93 7531, 177,749
0,88 7,67 22,4} 7.32 126.586 75,19

113 1.5¢ ¢.38 @.6% 2.93 7475, 11v.L2z
v 4% 1,61 2.2 7.63 124,42 T4.€7

12¢ 1.67 €.33 C.6% 2,93 TH18, 1ok.235
@, 44 7.5 Le.i'3 T.57 124,55 72.95

122 1.83  £.3b  2.05 z.93 73€2. 151,55
¢, 46 Te4Y cl.21 Te &5 126, €9 11,65

lc4 14 f o 33 ¢.c5 C,v3 7385, 1lec. 52
[ 7.44 V.74 7.34 113.85 TC 7%

126 2.17 4,38 .65 (7] Tza9, 124,213
VLol 7.33 21,57 7.25 117.32  09.C6

125 2,33 ¢.33  @€.65 2.93 7193, 135,249
C.b3 7032 @4l 7,12 115.8¢  €L.58

13C c.5¢ .38 CaLY V.93 Tibe, 136,450
£.C7 TolT 40,95 6,32 11¢.35 65, C5

132 ©.07 7. 44 [N 2.3¢2 sevd. 13T, 7405
%.59 $.35 £4.4D 9,25 11L,33 53, 40

134 2,03 £.52 L.E7, 8.6l L5, 149,256
(.55 2,30 5,78 A 112,88 Hl, 56

13¢ S, [ [N ] B, 4 Ll2at, 1Y, @28
.5k Jl.44 35,43 17.33 114,53 2,57

1535 3.17 UL ED ¢.7¢ ¢. 13 12373, 1735,¢74
.51 15,1¢ 33,31 e 1Y 112.€4 34,74

142 $.353 i 12 o 74 ~Y.Ea 14303 1595,348¢
.00 Vi .05 L, 3% £3 .47 L& 4, 65 5,54

142 3.0¢C .17 [ A -G ET 15629, 157.v3¢
.77 15,91 &G,.52 55400 2L, T 17.65

144 d.¢ ¢.95 [ 645} 1ettrl, Zri,6Es
Lol 16,50 5,11 37445 ETRE ] 11,47

146 3.43 JOR ) [N ~L,76 163992, £v3,499
Voes 17,30 92,57 B9.71 63033 6,97

144 Ge 0 1. 00 [ -l.2u 172wt, v, 39%
.16 17.%1 S1,19 LG, TC SC. i 4 L7

1St 4,17 1,67 Lo U -l1.€¢ leire, ci9.224
c.27 Yiil& 50,36 39,338 RN O 3.4

152 4,045 [ SV -l.@i 1AL ¢, elea iy
Sohh 10,082 43,17 37.54 46,34 3.7

154 4.5 1,60 Ce7l ~l.067 1ae37, sla.adé
Z.64 1£.0% 4£7.53 35.6C 43,65 2,50

19¢  4.C7 .o £, 90 -1.¢e 15647, 17,538
2.6 15,97 46,07 33.¢7 41,57 3,37

155 A4 35 loeé B.9€ -l.Ge 15804, Erk, G289
S.U% 15,48 45,25 31,79 39,05 3,013

166G S.c@d 1,68 (.9e -1.E8 14768, Lui.T47
.20 1L.E% 43,90 “.97 36,95 3.0
18
B N
. PRSI i sttt SO

169,508
Q.
166, 663
8,03
157,57¢
9.66
133.883
5.92
127,374
8,27
1zd, 688
-€. 17
13¢,596
-2.c¥
122,537
-e,ce
104,467
-g.ce
136,333
-¢,.c€
135,235
~e.c0
laC, 172
-¢,C@
142,¢45%
-¢,2¢
142,984
-2,20
145, 748
~t,23
15¢.674
1.02
15e,¢31
i, €7
149,194
S.43
145,752

Lo, w3
[0y
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6. INPUT DATA DESCRIPTION: The following names are used for the input

variables in program H532§.

AAB - 8 char name of perm data file

DTS - time step, sec

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 valve full open to complete solution;

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

value; = n, print every nth value

IPRIN1 - output control for engineering values; = 1, print: conduit

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

IPRINZ2 output control for head loss distributions; = 1, print;

= @, no print

~ - -

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

functions

™
o 4By
=

- 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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v / ]
? /
/
v /
E
/
(o) /
Pag2l /  TLAG
E /
N ’
| /
N /
G /
/
F /
T /
o 1 L 4 I}
n T2 T3
k—TVv2———
TIME MIN
V1 - first valve rate (programmed function), time taken for

valve from closed to full open position with no stop, min
to full open
T1 - time valve stops initial motion (programmed function), min;

no stop, Tl = TVl

TLAG - duration of stop (programmed function), min; no stop,
TLAG = @ ‘
Tv2 - second valve rate (nrogrammed 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 @.

TYPE - type of operation; = 1, filling; = 2, emptying; = @ stop
program
XBB - valve opening reztios (point by point)
XK1 - intake loss coef 3
XK2 - upstream conduit loss coef
20




XK3 - downstream conduit loss coef
XKL - exit loss coef
XL1 - culvert length, ft
XL2 - culvert width, ft
XL3 - culvert height, ft
XLL - chamber length, ft
XL5 -~ chamber width, ft
XN - number of culverts
ZL - lower pool elev, ft-datum
l ZR - culvert roof elev at valve, ft-datum
ZU - upper pool elev, ft-datum

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

H532@¢. 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
I ERROR - accumulated velocity errcr, fte/sec2
H - overall head, ft §
HI - effective inertia, ft .

HLT - total head loss, ft

! HLV - head loss at valve, ft




NC

RR

T3

VH

VHVC

Xce

XKC

XKT

XTM

XTX

Z0OW

H5320

count of the number of time steps at which accumulated
velocity error is printed

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

(number of caleulated steps desired) is sufficiently large
to complete solution

number of steps to peak overfill or under empty, if input M
is sufficiently large to complete solution

number of culverts

total inflow, cfs

rise of water level in lock chamber, ft/min

valve opening time, min

velocity in culvert, fps

velocity head in culvert, ft

velocity head at vena contracta, ft

valve opening ratio

valve contraction ratio

equivalent lock coef (based on loss coefs)

sum of loss coefs (including valve) at valve full open
valve loss coef

time at each calculation, min

time at extreme elev, min

time to complete operation, min

lock chamber water surface elev, ft-datum

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
yAY - 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 HS5320. 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 5L4L2-2L03 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.

¢. 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
ZZ777 - 2 char; equal RE, rerun; equal ST, stop
b. BSubroutine 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

2k




BBl

BB2

CFILE

CI

CORR

DTM

DTS

ERROR

H5320

1§ char, used for attaching permanent data file

8 char, name of output file for graphics and/or other use
1f char, used for attaching output file for graphics
and/or other use

ratio of total culvert(s) cross-section area to lock
chamber water surface area

constant = 2.2, used to determine valve loss coef

valve opening ratio at end of first valve motion
(programmed function)

valve opening at end of first valve motion (programmed
function) ft

constant = 3.2, used to determine valve loss coef

25 char, used for creating output file for graphics
and/or other use

cavitation index

velocity correction FUNCTION subprogram (central differ-
ence), fps

constant = .65, used to determine valve contraction coef
time step, min

time step, sec

constant = .9, used to determine valve contraction coef
accumulated velocity error, ftg/sec2

constant = .9, used to determine valve contraction coef
overall head, ft

25
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HI

HLT
HLV
HL1
HL2
HL3

HLY

IDEC

IDEL1

IDEL2

IPRIN1

IPRINZ2

IVALV

H5320
effective inertia term, ft
total head loss, ft
head loss at valve, ft
intake head loss, ft i
upstream conduit head loss, ft |
downstream conduit head loss, ft
exit head loss, ft
count of the number of time steps
switch equal to:
1 - file exist or is in AFT 2 - file nonexistent

3 - file problem L - file busy
S - illegal char in file name

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

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

nth value

output control from full open to completed solution; .
= 1, print every time step value; = 2, print every 2nd

value; = n, print every nth value

output control for engineering input variables; = 1,

print; = #, no print

1, print; = @,

output control for loss distribution;

no print

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

function
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IVAL1L -~ switch variable set to @ to be passed to subroutine
DATAF
IVAL2 - switch variable set to P to be passed to subroutine
DATAF \
KK - switch variable set to @ to be passed to subroutine é
1 DATAF
é LINE - line numbers in output file for graphics and/or other
! use !
. M - total number of calculated steps desired
M1 ~ 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 = ¢

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

el g o
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SAG

Tl

TLAG

T3

TVl

TYPE

VH
VHVC
XBB

Xcc

XKC

H5320

sag at one-half valve time of the nondimensional valve
opening pattern (programmed function)

time valve stops initial motion (programmed function),
min

duration of stop (programmed function), min

valve opening time, min

first valve rate (programmed function), time taken for
valve from closed to full open with no stop, min to
full open

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 = TV1, never {
type of operation; = 1, fill; = -1, empty; = @, stop
program

velocity in culvert, fps

velocity head in culvert, ft

velocity head at vena contracta, ft

valve opening ratios

valve contraction ratios

sum of loss coefs (including valve)

equivalent lock coef (based on loss coefs)

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

valve loss coef




XK3
XKh
XL1
XL2
XL3
XL4

XL5

XT
XTM
XTX

YY

ZCHEC
yAel)

ZNEW

2L
Z0T

ZR

ZREF

intake loss coef

upstream loss coef

downstream loss coef

exist loss coef

culvert length, ft

culvert width, ft

culvert height, ft

chamber length, ft

chamber width, ft

number of culverts

time at each calculation, min
time at extreme elev, min

time to complete operation, min
working storage

lock chamber water surface elev, ft-datum

lock chamber water surface elev at time t ft-~datum

i+l
water surface elev in downstream well, ft-datum
lock chamber water surface FUNCTION subprogram to
evaluate successive elevs, ft-datum

lower pool water surface elev, ft-datum

lock chamber overfill or under empty, ft

culvert roof elev at valve, ft-datum

upper pool water surface elev, filling; lower pool water

surface elev, emptying; ft-datum

29




zu - upper pool water surface elev, ft-datum

ZUW - water surface elev in upstream well, ft-datum
v - 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+l , fps

XB - working storage

XC - working storage

X¥F - sum of loss coefs (including valve) at time ti+l or
ti+2

XLl - 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 ti or ti+l R

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

or t

VAH -~ culvert velocity at time ti+ fps

1 i+2 °?

VST -~ culvert velocity at time ti 1 ©r ti ., fps
; XB - working storage
XC - working storage

or t

XKF - sum of loss coefs (including valve) at ti g i

XLl -~ culvert length, ft

ZREF -~ upper pool water surface elev, filling; lower pool water
surface elev, emptying; ft-datum

25T -~ lock chamber water surface elev at time ti—l or ti s
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

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

fps

VF - culvert velocity at time ti+l s

31

.




f.

H5320

VST - culvert velocity at time ti , fps

ZNEW - symbolic name of single valued function used as the
return for the output value to the calling program,
ft-datum

Z3T ~ lock chamber water surface elev at time ti , fps

Subroutine TEST, determine status codes returned by file system

for an attach operation.

IDEC - decimal value for status codes; IDEC =
1l - file exist or is in AFT
2 - file nonexistent
3 - file problem
L - file busy
>

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 = §¢, P4, @5, 3L or 37; used as

test against status code ISTAT to determine IDEC value

g. Subroutine VAL2, called if valve option is programmed functions.
y) Computes valve opening ratios and number of time steps to fully open
rs
valve.

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

opening pattern

BB1 - valve opening ratio at end of lst time step
DTM - time step, min

DTS - time step, sec

N - number of values of valve opening ratios

32
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PI - constant = 3.141593
! TLAG -~ duration of stop, min
V1 ~ first valve rate, time taken for valve from closed to
full open with no stop, min to full
Tve - second valve rate, time taken for valve from closed to

full open as if no stop, min to full. If actually no
stop, TV2 = TV1l, never =

T1 - time valve stops initial motion, min

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

open stop, min

T2N - working storuace
T25 ~ working ctorage
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

IVAL1 and
IVAL2 - switch pair for setting value of rerun option 1LQ2Z

IVALLl and IVAL? sets LQZ
| 1 ) 2
; @ 1 2

all other conditions, switch ignored

| 33
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KK - switch for rerun option 1QZ; 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 1s, 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 262.8¢
Lower pool elev, ft-datum 169.5¢
Culvert roof elev, ft-datum 128.¢¢
Culvert length, ft 390.9¢
Culvert width, ft 12.¢¢
Culvert height, ft 14,00
Chamber length, ft 685. by




Chamber width, ft

Intake locs coef

U. S. loss coef

D. S. loss coef

Exit losg coef

Time step, sec

No. of stopped values

Type of valving

Valve sag at 1/2 open time
First valve rate, min

Time valve stops motion, min
Duration of stop, min

Final valve rate, min

Output control, engr inputs
Output control, loss distribution
First output rate

Final output rate

Output, :

EXAMPLE |

H5320

86. ¢¢
B.2¢
@.96
$.18
¢.85
1¢0.¢¢
73

.12
L. g¢

W

CONC!'IT GEOMET®V: LENG™H = 398.@ FT, wWIDTH= .12.8 FrT,

HEIGHT= 14,8 Fr.

N* 2-CULVEPT OPESATION)

CHAMBE® GEOMETPY: LENGTH = 685.4 FT, VIDTH = 86.0 FTe.

LOST COEFFICIENT: INTAXE €.200
"PETOEAM CONCI'lT ©,060
DOWNSTREAM CONDU'IT ©.130
MANIFOLD ©.350

TOTALC'YALVE OPEN) 1,399

ELEVATIONS: 1"PRE®D POQOL 262,390
LO“EFr ®PQOL 169.5@
CTLVERT ROOF 123,00

LOCK COEF.=9.843

VALVE OPENS AT 4.00-MIN. RATE FOR 4.00 MINUTES

ACC.vEL. EP®OP TO 1= S8 1¢ 8.00595
ACC.VEL. EPPQ®D 10 1= 64 |¢ @8,00593

LOCK FILLS 70 "oPEP POOL IN 9.56
EXTPEME ELEVATION AT TIME = 10,56
MAX COM®VTED QUETTPAVEL = 1,57 FrT.

MINUTES
MINUTES
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VALVE FARAMETERS ELEVATIONS C(FT-CATI™M)
TIME OPEN. CONT. LOSS TOTAL LOCK 1's vaLVE PIEZ.HT 0T VALVE
(M) PATIO COEF. COEF. INFLOV CHAMBEP VELL  VALVYE VELL
CFS : CAV.FAP.,
0. .00 0.80 l100ea.00 @, 169.586 262,80 169,58 169,50 9.99

0.17 2.083 ¢.80 2147.81 556. 169.55 262.75 164,34 169,53 B.84
.33 0.05 8.79 S3l.,46 1115, 169.69 262,54 163,62 169,83 2.83
0.50 @.83 0.79 232.25 1€31, 169.93 262,31 162,38 170,26 0.89
.67 8.1l 0,73 127.64 2258, 170.26 261.92 160,56 178,86 0.77

2.33 8.14 8.76 73,36 2848, 170.69 261.39 1S8.07 171,64 @.72

1,88 2,17 ©.75 53.25 3452, 171.23 268.74 154,8€@ 172,62 0.67

1.17 8.22 2.73 37.63 4075, 171,87 259.92 150,37 173.3)1 DB.60

1,33 .23 2.70 29.23 4585, 172,60 259.16 151,25 175,086 8,61

1.50 6.26 0.63 22.63 Sla7, 173,43 258,21 148.24 176,52 @.S57

1.67 @.30 8.65 17.28 5799. 174,35 256,97 140.57 173.2% @.47

1,83 0.34 0,65 13.088 6554, 17S.40 255,36 140,19 188,42 8.46

2,00 0,33 0,65 9.64 7424, 176,59 253.25 133,18 183,83 8.44

2.17 0.42 B.66 7.04 38414, 177,93 250.53 134,95 186,21 8.49

2.33 2.47 2.67 5.86 9528, 179,45 247.089 13f.43 190,85 ©.36

2,58 @.51 0.68 3.59 1e726, 181,17 242,86 128,59 194,62 0,33

2,67 .56 €.69 2,51 11994, 183,18 237.87 127.2% 199,92 8,31 '

2,83 6.6t 2,71 1.73 13269, 185.24 232.29 123.43 £05,82 0.32

3.20 0,67 0.73 1.18 14477, 187,59 226,48 132.81 212,18 @,37

3.17 8,72 8,75 2.80 15542, 190,14 220,94 140,53 213.38 08,46

3.33 8,77 8,73 .53 16400, 192,85 216,19 151,06 224,29 ©.68

3.52 0,33 v.81 @.35 17016, 195,68 212,62 163,36 229,54 8.82

3.67 .89 8.84 8.23 17389, 198.60 216,48 176.,2F 233,95 1,12

3.33 6.94 ©.37 0.15 17542, 2@1,57 209,47 188,57 237,54 1.52

4,00 1,20 2,90 .10 17548. 204,54 209,43 199.5¢@ 248,54 2,03

4,5¢ 1,08 2,90 2.18 16364, 213,19 216,39 287,75 244,5@ 2.5!1

5,00 1.08 0.98 6.10 15635, 221,18 223,62 216,33 247,61 3.20

$5.58 1.00 6.90 6.1 137¢4, 228,49 238,25 224.19 25€.45 4.1

6.00 1.00 0,90 6,16 12373, 235,13 236,27 231,33 253.83 5.30

6.58 1,00 @¢.9@ Q0,18 llg4a2., 241,09 241,67 237,74 255,34 6.96

7.02 1.8 0,90 .18 9711, 246,37 246,46 243,41 257,48 9,36 3
7.5¢ 1,00 0,98 .16 82338, 250,97 250,63 £Z48.36 259.18 9.99 .
8.00 1,00 ©.9¢ .18 7249, 254,98 254,19 252,59 260,71 9,99 ’

8.56 1.00 ©.9¢€ B.12¢ 5718, 253.15 257.13 £256.€68 261.97 9.99

9.02 1,00 €2.90 .18 4337, £268.72 259,47 253.84 262.97 9.99

9.5 1,00 0,90 B,1® 3656, 262,€1 261,18 268,85 263.71 9.99

16.0¢ 1.2 @,.9¢ .10 1725, 263.83 262,28 262,19 264.18 9.99

16.5¢ 1.02 0,96 p.10 394, 264,37 262.77 262,77 264,39 9.99 .
11.00 1.0 2,98 6.186 -B833, 264,24 262,73 262,63 264,16 9,99 !
11.56 1,006 0,98 B.16 -1446, 263,64 262,59 262,38 263,39 9.9% :
12,00 1.00 0.9¢ @.10 -1333, 262,89 262,68 262,34 262,67 9.99
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RATE VEL HDS(F) DIFFEPENTIAL HDS(F)
PISE VYEL. REF. VENA VALVE TOTAL INEPTIA OVERALL
(F/M) (F/S) AREA CONT. LOSS ’
0. 9. 0 0. ) 93.300 93.3020 0 93.300

.17 ©.566 1.654 0.042 98,443 91,189 91,242 2,285 93,253
.33 1.135 3.318 0,171 99.134 90.861 91,082 2,029 93.111
2.5¢ 1,712 S.004 0,389 120.317 90,311 90.813 2,861 92.874
2.67 2,299 6.721 ©,701 102,853 39,532 90,437 2,182 92.548 J
9.83 2.899 38,475 1,115 104,441 88,516 39,955 2,151 92,1087
1.00 3.513 12.273 1.639 107.573 87.254 89,368 2.212 91,572
1.17 4,143 12,128 2,284 111.841 B85.94¢ 88,887 2,043 90.934
1.33 4,667 13.646 2,891 1108.794 84,529 88,259 1,932 98,199
1.52 5.239 15,319 3,644 113.615 82,475 387,175 2,183 89,374
1.67 5,903 17.259 4,625 121.823 79.929 85,895 2,536 38,445
1.833 6.672 19,5@7 5,989 121.969 76,330 B4,452 2,929 87,397
2.6 7.557 22,295 7,581 122,732 73.864 82,843 3,351 86,212
2.17 8,564 25,048 9,736 125.322 63.514 31,874 3,778 84,863
2.33 9,696 23,333 12,465 123.275 63.€39 79,169 4,167 83,347
2,56 1©8.918 31.921 15,822 130.896 56,7620 77.171 4,462 81,630
2.67 12,209 35,697 19,737 130.462 49.613 75,139 4,584 79,702
2.83 13.5087 39.491 24,216 128.069 41,888 73,127 4,475 177,560
3.00 14,736 43,086 23,827 122.492 33.988 71,174 4.¢096 175.206
3.17 15,820 46,255 33.222 113,634 26,416 69,273 3,465 72,6660
3.33 16.693 43,8069 36,992 102,126 19.654 67,374 2,653 69,950
3.56 17,321 50,644 39,826 39.09@ 14,832 65,428 1,783 67,116
3.67 17,761 51,753 41,5906 75.779 9.662 63.313 0.943 64,197
3.83 17.856 52,207 42,326 63.230 6,457 61,858 ‘8,287 61,234
4,080 17,863 52,227 42,355 52.290 4,236 58.374 -@,538 S8,257
4,50 16,657 48,7062 36,838 45,469 3.683 51,194 -1,583 49,610
5.06 15,304 44,748 31,992 38.386 3.109 43,218 -1,599 41,619
5.5¢ 13,956 48,736 25,831 31.899 2.583 35,985 -1,5%9 34,306
6,06 12,595 36,825 21,57 25.996 2.186 29,269 -1.5%9 27,678
6.50 11,242 32,863 16,770 206.704 1,677 23,310 -1.599 21,711
7.2¢ 9.885 28,922 12,971 16.013 1.297 18.9229 -1,599 16,430
7.56 8,530 24,940 9,659 11.924 2.966 13.426 -1,599 11.826
g.82 7,175 28.979 6.834 8.437 0.683 9.499 -1,599 7.92¢
8.58 5,328 17,617 4,497 5.552 8.450 6,250 -1,599 4,651 .
9.€0 4,465 13,0856 2,647 3.268 8.265 3,679 -1,599 z.08¢e
9.56 3.118 9,094 1,234 1,586 0.128 1,785 -1,599 e.18e6
1.6 1,756 S5.133 @.409 8.565 0.041 8.569 -1,599 -1,831
18.5¢ ©,401 1,171 @0.e21 2.026 2,002 0,030 -1,5%9 1,578
il.QZ'-ﬁ.SAS -2.,430 ©,896 Bp.0296 bp.210 2.133 -1.175 1,444
11.5¢ -1,472 -4,304 0,238 2.288 2.029 0,400 -€,299 -€.836
12,60 -1.417 -4,144 0,267 8.2617 2.827 2,371 2.649 -8,.093
0 YO!" NEED TO STOPE THE QUTPUT IN A DATA FILE?Y OR N
=N

ENTER PEPIN 0P STOP

=PEPUN

PERI'™N OPTION PEPMITS YOU TO CHANGE ANY OF ALL INPUT VAPIABLES.
AT >>>= AVE TYDE IN THE TW0 LETTERSCAA,AB,ETC.) COPPESPFONDING
TO THE YAPIAELES YOU UISH TO CHANGE. THEN AT NEXT = QUE, ENTER
TIE NUMEFICAL VALUE. TO TERMINATE DATA ENTPY, TYPE A CATTIAGE
PETU®N AT >>>= QUE.
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>>>

=AB

AB-ENTER YOUr PPOBLEM NAME

SEYAMPLE 2 pe
>>> :

=AN

AC-ENTER TOTAL NO. OF CALC. STEPS DESIPED
=31

>>>

=av

AU-ENTE® FIRST VALYE PATE

=1

>>>

b 1304

AY-ENTEP TIME VALUE STOPS MOTIONC(MINUTES)
=.5

>>

=nv

AX-ENTER DURATION OF STOP(MINUTES)

=2

>>>

=AY

Av-ENTE® FINAL VALVE RATE

=3

>>>

=ra

LA- ENTEF 2ND QUTPUT CONTROLS 1=L0,8=D0 NOT TRINT
>>>

EXAIITLE 2

CONTHIT GEOMETYTY: LENGTH = 352.@ FT, WIDTH= l2.,¢ FT.
HEICAT= 14.€ ¥FT. N= 2-CVLVERT OPERATION)

CiAMY ER GEZMEIPY: LFNGTH = 635,4 FT. VWIDTH = 86.L FT.

LOSS COEFFICIFHT: INTAXE ©.260
VPSTEEAM CONBUIT 6,660
DOUNSTREAM CONDINIT  2.180
MANLITOLED €.858

TOTALCUALUE OPEN)Y 1.396  LOCK COEF.=0.843

ILEUATIONS: TORER FOOL 262,38
I pvER QoL L16%., 50
CULIEET POOF 123,06

WLVE OPEIIS AT l.62-MIN. PATL ¥0P G.O7 MIeTES.
VALTIE HOLEC FOD fL6C-MIN. AT 5.37FT.3

TIEN OTVINE AT 3.60-tiINe DATE TN FU'LL OPEN

TOTAL UALUVE TILE = 4.17-MIN. (N= £06)

ACC.uLL. FEPPOT TO I= 31 1% %0 ag
ACCLUFEL. ERPTOHP THO 1= 31 19 V.0l Lo
LGC4L QPEPATLION 1€ NOT COMPLETE

LIC: TOEC NOYT COMPLETE OVEPTPAVEL
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( H5320
‘ VALYVE PAPAMETEPS ELEVATIONS (FT-TATIM)
TIME OPEN. CONT. LOSS TOTAL LOCKX US VALVE PIEZ.HD DS VALYE
. ¢M) RATIO COEF. COEF. INFLOW CHAMBER WELL VALVE  WELL
' - CFS - CAV.PAP.
. ©. ©.80 10006.00 8. 169.50 262,860 169.5¢ 169.58 9.99
.17 @.11 8,73 127.64 2198. 169.69 261,97 166.66 178,25 8.88
2.33 0.23 .70 29,23 4453, 178,25 259,36 157,58 172.57 0,71
9.5¢ 8.33 0,65 9.64 7548, 171,27 252,93 133.88 177.93 8.39
8.67 8.38 8,65 9.64 7737, 172,56 252,43 127,37 179,56 .32 -
.83 8.38 0.65 9.64 7699, 173.87 252.53 128,69 18@.80 @.33
1.00 2.38 0.65 9.64 7644, 175,17 252,67 130,68 182,01 8.35
1.17 ©.38 9,65 9.64 7588, 176,47 252.82 132,54 183.20 0.37
1.33 ©.38 0.65 9.64 7531, 177.75 252,97 134,47 184,38 8,40
1.50 8,338 0,65 9,64 7475, 179,82 £53.,12 136,38 185,55 0.42
| 1.67 8.35 9,65 9.64 7418, 188,29 253.26 138.29 186,72 ©.44
1.83 .33 0.65 9.64 7362, - 181,54 253,41 140,17 187,88 ©.46
2.00 0,38 0,65 9.64 7385. 182,73 253,55 142,85 189,02 @.48 -
2,17 @,38 9,65 9.64 7249, 184,82 253,69 143,90 198,16 8.51
2.33 2,33 0,65 9,64 7193, 185,24 253,33 145,75 191,29 .53 -
2.58 @,33 8.65 9.64 7048, 186,45 254,21 158,67 192,24 @,60
2.67 8,44 2,66 6.32 8208, 187.74 251,15 152,21 195,62 @,59
2.83 8,58 9.67 4.83 9645, 189,26 246,68 146.19 266,13 .53
3.80 .56 B.69 2.51 11241, 191.83 248.98 143,75 205,80 8,50
3.17 ¢.63 8,72 1.52 12873, 193,87 234,08 144,83 212,45 ©,.51
3.33 .70 @.74 8.91 14388. 195,39 226.93 156,73 219,59 ©.60 |,
3.5¢ 8.77 .18 8.53 15629, 197.93 220.47 161,31 226,45 0,77
3.67 2.85 @,82 8.31 165¢1. 200.66 215,61 174,88 232,49 1.€§ -
3.83 0.92 ©.86 8.13 16992, 203.56 212.76 189.1a 237,25 1.53
4.0¢ 1.0 ©.9@ 0.1¢ 17281, 2@6.48 211,52 281,98 248,99 2.16
4.17 1,68 8.9¢ 0.1¢ 16922. 289.29 213.18 283,94 242,77 2.27
4.67 1.00 .90 8,10 15647, 217,59 220,37 212,47 246,21 2,86
[0 YOU NEED TO STOPE THE OU'TPUT IN A DATA FILE?Y OR N .
=
ENTER A S5-LETTEP FILE NAME .
=pLK :

YO''R OUTPMT VALUES ARPE STOPED IN FILE DLX

ENTER REPIN OP STOP
=STOP

IN
PURD: DITSPRNEIS Jir S N i




H5320

: REF: ER 1110-1-10 - ENGINEERING AND DESIGN - Engineering and Computer
t Progrem 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 U4l-52

4., NUMERICAL AND LOGICAI 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. MISCELLANEQUS: The program is part of the CORPS computer system.

CORPS is an acronym standing for Conversationally Oriented Real-Time
Program—G;nerating System. The program is now operational on the WES
G635, Vicksburg, MS; HIS 66/8¢, 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.




H5320

20@1%sPIN VESL1E/H5320B, RS WESL1B/PERUN, Fi VESLIB/HACCT, R
@300 @3ND BPIEF
2999%06FINISH

s b .o

H5320

. 86,23/73

{
i
i
i
!




H5320

06,22,78

i HS320s -

@200l #pRUN =i WESLIB/HS320B, R(NOGO)
188€8 CHARACTER*S5 HFILE
10210 COMMON LQZ.,LOX
18020 HFILE=SHHSJ320
10030 Loz=liLov%=1
18240 pRpiNT 10
10658 18 FOPMAT(/'H5328 - LOCK FILLING AND EMPTYING- SYMMETPRICAL SYSTE
186868 gMce*s/) .
10876 15088 CONTINUE
106380 cALL HACCT(HFILE)
18290 1F(LAZ.EQ.}) CALL usaaacslsaeo)
10102 G0 TOC20,30),LQ2Z
12112 3@ CALL DATAF(s$16000)
10120 caALL MAINI($16080) .
- 16138 PRINT,"™ * !
: 10140 20 oz=2
16150 CHARACTE® 272272Z%2
leloe 1600Q PrINT, "ENTEP® PEPI'N OP STOP®
] 161780 pEAL 16001, 2272722 :
18180 160061 FOCLMAT(A2) ' .
10190 1F(zz2z27.ER.2HRE) GO TO 1500¢ Lot
10200 1F(z22227.EQ.24ST) GO TO 20000
16210 PRINT,"ERPOP **%x PETYPE"
18228 co TO 16008
10230 26000 STOP> END
2000¢ SUEPOVTINE HS3208(¢*) g
20219 CcoMMON LFZ;LQY;*BB(2@1):TYPE,R"V;*N;’U.ZL,ZblYLI;YL¢,YL3:¥LQJYLS,_
» 20020e¢K1,%K2, K3, K4, DTS, M, 1 VALV, N, BBL, AAB, TU1, Tl, TLAG, TV2, AAC, SAG, I®R
Y 2003041N1,1PPINE, IDELL, IDEL2,NSTAPT,KK,1VALL, IVAL2,LINEC28]) '
22042 CIMENSION XT(201),XKvU(2081),¥CC(201),0(201),RP(221),Z(201),z1w(2Bl)
20650g,zvee2)l),7DWC2Bl), (281, VHCER]l),HLI(2€1),HL2¢201) ,HLYv(2021) ,HL 3¢ 2@ .
20066081),HLA4C2081),HLTC(E01),HI(208)),H(2@1),XK(201),CI1¢201), VHYC(281)
20070 CHARACTER RIN*35, AaAx 1, AAB*8,AACx 10, AAD*8, AAE* 108, CFILEX25
f 20088 DATA B,C,D,E,F,ClC1),XXUC1)>/2,2,348,.65,.8,.9,9.99,1e0002.0/
20890 KK=@;1vaLl=051yaL2=0
201¢2 1¢69€ FORMAT(3X,3F3.3/3%X,5F3.3/3%,4F8.3/3%,F5.1,214,512)
2011¢ 10106 FORMAT(3X,2F4,6,A35)
20lz¢ 16118 FOPMAT(3X, 18F6.3)
2013C* 10120 FOPMAT("CONDUIT GEOMETRY: LENGT™ = *,F7.1," FT. VIDTH= *,
26146e¥5.1,* FTe"s/,13v,"HEIGHT=",F5.1," FT. N=",12,
201524 ~CULVE™®T OPERATIONY",//,"CHAMBER GEOMETPY: ",
2016%&" LENGTH =",F6.1," FT. WIDTH =", FS.1,%" FT.",//,"LOCES *,
2017@& " COEFFICIENT: INTAXE",F7.3,/,9%,"UPSTFEAM CONCUIT“,F7.3,/,
. 20180487%, *DOWNSTREAM CONDUIT",F7.3,/, 17X, MANIFOLD", F7.3,/,3%,*T0 TAL
2019¢4¢VALYE OPEN) "', F7.3," LOCK COEF.=",15.3,7//,»
2620C4"ELEVATIONS: UPPER POOL',F7.2,/,13%," "LOVER FOOL",
2@21€eF7.2,/, 11X, "CULVEPT POOF",F7,2)
20226 16218 FORMAT(//,*“YALVE OPENS AT",F7.2,"-MIN. BATE FOR",F7.2,
282302 MINUTES'™ .
2024@ 10238 FOPMAT("VALVE HOLDS FOR%,F6.2,"-MIN. AT",F6.2,"FT.i", /,

¢
i
}
!
t
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HS320S  CONT. . -

202502 THEN OPENS AT“,F6.2,"-MIN. RATE TO FULL OPEN",/,

202682 TOTAL VALVE TIME =", F6.2,"-MIN. (N=",13,%"3*"//)

20272 10260 FORMAT(/,"“SPECIAL VALVING, TIME=*",F7.2,“-MIN."//) .

20280 10270 FORMAT(“EXTREME ELEVATION AT TIME =,

202904F 6.2, MINUTES",/,"MAX COMPUTED OVERTRAVEL =",FS5.2," FT.")

20300 10290 FOPMAT(//, 6%, "VALVE PARAMETEPS", I SX,"ELEVATIONS C(FT-DATIM)"/

203102 TIME OPEN. CONT. LOSS TOTAL LOCKX US VALVE PI1EZ.HD DS,

283204 vyALVE"/* (M) RATIO COEF. COEF. INFLOV CHAMBER VWELL®"

20330, VALVE  WELL™,/,27X,"CFS", 33X, *"*CaV.PAR.")

20348 19330 FOPMAT(F6.2,2F5.2,F9.2,F¥7.0,4F8.2,F5.2)

2035¢ 1083408 FORMAT(9X,"RATE", 10X, “UEL HDS(F)*, 10%,"DIFFEPENTIAL HDS(F)*v/
203602,9%X,"PISE VEL. REF. VENA VALVE TOTAL INERTIA OUERALL“/

2€370&,8%X,"CF/M) (F/S) AREA CONT.", 11X, "LOSS"/)

203380 123706 FOPMAT(F6.2,3F7.3,3f8,3,F7.3,F3. )

2¢390 10380 FOTMMAT(//,"LOCK EMPTIES TO LOWER POOL IN “,F5.2," MIN"TBS"

26400 18390 FOPMAT(//,"LOCK FILLS TO UPPER POOL IN *,F5.2," MINUTES™)

26416 10408 FOPMAT("ACC.VEL. ERROR TO 1=%,I3,* 15", Fl0.5)

204208 10410 FORMATC(//) . :
20437 10420 FOBMATC(AL,AB,AD> . i
2044C 10433 FOPMAT(I3,3F6.2,F9.2,F7.0,4F7.2,4F6,2,5F7.2) ’ . :
20450 NSTART=© Lo
26468 PRINT," DO YOU HAVE A PERMANENT DATA FILE?Y=YESSN=NO" \
20470 PEAD, AAA

28430 IFC(ARA.ER.IHVY)IGD TO 10540 ‘

26490 PRINT,"WE WILL HELP YOU SET UP YOUR CATA FILE"

20569 PRINT,"YOU MUST SUPPLY 29 DATA ITEMS AND A FILE NAME" -
20510 PRINT,"“ENTER YOUP NEVW S-LETTER FILE NAME"

20520 READ, AAB

20533 CALL DATAF($22275)

20548 GO TO 10610

20550 16546 ppPINT,"ENTER YOUR 5-LETTER FILE NAME"

28568 NSTART=1

20570 18560 READ, AAP

20575 1F(ANB.ER.SHSTOP > RETURN |

26580 Gn TO 10612

20590 10560 peINT 10590, AAR

20600 16598 FORMAT("NO FILE *,A8,". ENTER FILE NAME OP STOP™

26616 GO TO 1056€

2062¢*12612 ENCODECAAC, 18428) “/v,AQB, 3"

2¢63¢ ENTPY MAINI1(%)

20640 10630 CONTINUE ;
20650 CALL ATTACHC(!,AAC,3,0,ISTAT,)

2066¢ CaLl TEST(ISTAT,!DEC)

286760 GO TOC10676,105806,941,941,18530),1DEC

20688 106670 CONTINVESXK=1

20690 PEAD(1,10168) TYPE,XN, PRI

20742 PEADC1,10090) 2zm,z2L,Z%,%L1,%L2,XL3,XL4,XLS,

2071086XK1,¥K2, K3, %K4, DTS, M, N, IVALY, IPRINL, IPPINZ, I DEL), I DEL2

20720 1F(ABSCTYPE).LT.0.99.0P.ABSC(TYPE).GT.1.813G0 TO 294

26730 1FC(IVALY.EQ.2)G0 T0 18750

43
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H5320¢ CONT.

20740 READC1,10110,END=108770)(XBBC1),I=1,N)

207506 GO TO 10770

20760 18750 READC(1,12110,END=108760)SAG, TV, T1, TLAG, TV2
20770 10760 CALL VAL2(SAG.TV!,Ti, TLAG, TV2, DTS, N, PB1,XBEB)
20780 10770 I1F(NSTART.EQ.2)G0 TO @320

20790 PPINT,"DO YOU WISH TO CHANGE ANY DATA BEFOFRE YOY START? YES O® NO? {
203008

20810 READ,AAA’ I FCAAA.EQ. IHY) XK=l

20320 IF(AAA.EQ.IHY) CALL RUNI1(310630)

20338 12328 CONTINUE ) :

20840 NSTART=O )

20858 DTM=DTS/68. 85 TI=(N-1)*x DM NC=XN’ AR=(XN*XL 2%XL3) /(XL 4*XLS)
20362 DO 108930 1=2,M+1

208370 1FC1.GT.NI)XBB(1)=XBB(I-1)

28380 XTC(1)*XTCI-1)+DTM

20890 1F(XBBCI)eLE.D.2) XKV(1)Z(10.0%%(B-.2¢C))#(2.04/XBBC1)*%x2)
26908 1F(XBR(I)>»«GE.9.2) XKV(1)=10,8%xx(B-C*XBB(1))

20910 IF(XEE(I).LE.2.3) XCCCI)=D+(E-D)*COSC3.141593%x¢(XBB(1)/0.62))
20920 IF(XBE(1).GE.8.3) XCCCI)=F~(F~D)*COSC(C((XBB(I)~-.3)%3.1415933/1,4)>
20930 XKCI)=XKI1+XK2+4XK3I+XK4+XKV(]I)

20940 16933 CONTINVE !
20950 VKT=XKI+ZKE2+XK3+XK4+12,0«%x(B=-C)

20962 XKC=SORTC1/XKXT);PRINT 10950,°1W510958 FORMAT(/A35//)

20976 1FCIPRINI.EQ.)PRINT 101208,XL1,%L2,XL3,NC,%XL4&,%LS,
209802vK1,XK2,XK3, XK4, XKT,XKC,2U,ZLLZR

28992 pBBR2=XL3xeBI

21000 I F(IVALY.EQ.2)PPINT 10210, TVi, TI

21010 IF(I1VALV.EH.2.AND. T1.LT. TVI)PRINT 10230, TLAG, BE2, TV2, T3, N
210628 1FC(IVALV.EG.})PPINT l026€, T3

21032C SET INITIAL CONDITIONS

21049 IF(TYPE)11040,110860,11060 . :
21858 110840 z(¢))=71B ZPEF=ZL5ZDWC l)=2 ' .1
21660 GO TO 11078

21872 110868 z(1)=zL35ZPEF=ZU;2DW( l)=2L

21030 11€70 CONTINUE

21098 xXCcCCly=EsMi=MiM2sMizuWC )=z z0T=€. G52V 1) =2L

21128 M3=M

21110 H¢1)=21=-2L5 HLYC DY =HCDISHLTC 1) =1 1)

21120C¢ STAPT NUMEPICAL INTEGRATION

2113¢ po 11278 1=1,M-1

21148 y(I+1)=rPEDC7ZCI),VUC1),XK(1+1), TYPE, 2 PEF, AP, DTS, XL 1)

21156 2(1+1)=ZNEWC(ZCIIL V(1) ,V(I+1),AR, DTS, TYPE)

21168 IFCABSCXLI®(UCI+1)-V(1)))eBEesS5aXK(1+1)*DTS#V(I+1)x22)M3=]-1

21170 1F¢1.GT+M3.0R.1.GT.M1)GO TO (1258 .

2118¢ po 11238 Jg=1,10 .

21196 y(1+2)=PRPEDCZ2CI+1),V(1+1),XX(1+2), TYPE,ZPEF,AP, DTS, XL 1)

2120€ UuC1+1)=CORRCZCIILV(LI),XKCI+)),U(1+2), TYPE,ZPEF,AFR, DTS, XL 1)

21210 2CHEC=ZNEW(Z(I1),VCI),V(1+]1),AP, DTS, TYPE) .

21220 IF(ABS(ZCHEC-72¢1+1)).LE.0.0081)G0 TO 11240

21238 z(1+1)=2CHEC
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HS53205 CONT.

21240 11238 CONTIMNUE
21250 11240 2¢1+1)=2CHEC
21260 1125@ IF(M2.EQ.MeAND.(1+}).,LT.8,.0)M2=1
21270 1F(MI.EQeM.ANC.TYPE*CZREF-2¢1+1)).LE.2.0) Ml=]
21286 112780 CONTINUE
21290 EprQr=0.0
21300 pPRINT 104182
21310 po 11350 1=2,M2
21320 YY=CORR(Z(I=-1),U(1=-1),XKC1),V(I+1), TYPE,ZPREF,AR, DTS,XL1)
21330 ERROF=(YY-V(1))**2+4ERROR
21340 I1F(1.EQ.MI)PRINT 10408,1,ERROR
21350 IF(1.EQ.M2)PRINT 1840606,1,ERPOR
{ 21368 11350 CONTINUE
2137@C END OF DIFF.EQNS. . '
213306 po 116906 1=2,M
. 213908 VHCII=(UCL)*%x2)/64.4
2140808 QC1)=V(1)%xXL2%XL3xXN
21410 PRCINI=CQCII*60.0) /(XL4xXL5)
. 21420 HIC(1)=XLIx(uC(I+1)-y(I-1))/(¢64.4xDTS)
21430 HL1ICI)=XKI*VH(I)
21440 HL2(I)=XK2xVH(I) :
21450 HLVUCI)=SXKUCI)*VHCT)
21460 HL3(I)=XX3%VHC(D)
21470 HLACI)ISXKA* " H(ID) )
21430 HLTCII=XKC(1)*"H(I) ’

‘) 21496 HC1)=TYPE*(ZREF-2(1))
R 21508 1F(UCI).GE.B.C8)VHUCCIIZVH(L) /(XCCCII*XBB(1))*%2
' 21510 IFCUYCI) LT.B.8)UHUCCI)=VH(I)
» 215286 IF¢(TYPE)11590,1159p,11520
21530 11520 IFC(VCI) . GT.0.@>Z21vu¢1)=2U=-¢ 1. B+XKI+XK2)xVH(I)
21540 IF(VC1).LE.B.0)ZzUWw(1)=21=(1l.@-XK1~-XK2)xUH(I) 3 .
21550 IF(VUCI)«GE.B.0)ZDUCI)=2C1)+XK4xVH(I)
21568 IF(V(1).LT.8.0)2DWCI)=2¢1)-XK4xVH(1)
¢ 21570 IFCUCIYeGT.B.0)ZUCID)=ZUWCI)I+VH(IY-VHVCC])
% 21580 IF(V(I).LE.R.8)ZUCl)>=Z2UW(1)-VHVC(I)
’ 2159¢ GO TO 11640 _
216088 1159@ zZuw(1y=2ys
21610 IFCV(I)«GE.B.B)ZDWCII=ZCI)=C 1. C+XK 14V K2)%VH(])
21620 F(UCI) «LTe0.C)ZDWCII=Z(1)-C1.0-XK1-XK2)xVH(])
21632 1FCYC1)GE.B.B)ZYC1)=ZDW(I)+VHCI)>~-VHVCC])
21648 I1F(UC1)LTeC.0)ZUCII=2DWCII-WHVC(])
21656 11646 CONTINUE
21668 I1F(U(I).LE.C.@)CI(1)=9.99
21670 IF(UCIYeGTe@.0)CICII=CZYCI)-2P+XL3%( 1, -XCCC(I)*XBB(1)))/VHVC(])
2)6802+33.0/VHVUCC1)
21698 IF(CI(1).GE.18.8)C1¢1>=9.99
- 21700 11658 CONTINUE
{ 21718 XTXSXT(MI)+DTM:(ZREF=-Z(M1)>/7¢2 M+ 1)-2¢(M1))
; 21729 X TMSX T(M2)
21730 Z0T=2(M2)~-ZREF
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HS328S  CONT. -

21740 1F(MI.EQ.M)PRINT,"LOCK OPERPATION IS NOT COMPLETE"

2175@ IF(M2.EQ.M)PRINT,*"LOCK LDOES NOT COMPLETE OVERTRAVEL"

21760 1F(MI.LT.M.AND. TYPE.GT.2.@)PRINT 18390,XTX

21770 1F(Ml.LT.M.AND.TYPE.LT.0.0)PRINT 18380,%XTX

21786 I1F(M2.LT.M)PRINT 18270,X™,20T

21798 prINT 10290

21808 PRINT 10330, (XTCI),XEB€1),XCCCI)»XKV(I), QCI),Z2C1),ZUWCLY,
2181027VC1),ZDWCI),CICI),1=1,N, IDEL])

21828 PPINT 10338, (XT(I),XBB(I),XCCCI),XKVCI),QCIY,ZCI),2ZUW(L),
2183Q22v(1%,2DW(1),C1(1Y,1=N+1DEL2,M, ] DEL2)

21849 IF CIPRIN2)11908,11900,11340

21850 11840 CONTINUE

21862 prINT 10340

21878 PRINT 10378, (XTCII,RPCID,>VCI), VHCE), VHUCCI) L HLWID)LHLTCL),
2188B@gHICI),H(1),I=1,N,IDELD)

21890 PPINT 18370, (XT(I),RRC1ILVCI), VHCL), VHVCCI) ,HLUCI) ,HLTCI )
219€06aHICIY, HCI), I=N+IDEL2,M, 1 DEL2)

21916 11980 CONTINTE

21920 pPPINT,"DO YOU NEED TO STORE THE OUTPUT IN A DATA FILE?Y OR N"
21930 PEAD, AAA

21940 1F(AAA.EQ.IHN)GO TO 320

21950 PRINT,"ENTEP A S-LETTER FILE NAME"

21960 PEAD,AAD

21978 LINEC))=100

21986 po 11988 1=2,M

21998 119802 LINECI)SLINE(1-1)+2

22900 ENCODE(AAE, 10428)% /%, AAD, " "

22019 ENCODE(CFILE,S9) “CF,/",AAD,".,Bs1, 35/.R,w1"

22020 CALL ATTACH(2,AAE,3,9,1STAT,)

22030 CALL TESTC(1STAT,IDEC)

22048 ¢9 TOC172,173,175,175,175),1DEC

22052 173 CALL ACCESS(CFILE,$175)

22060 172 COMTINVE

2207¢ CALL ATTACHC(2,AAE,Jd.,)

228806 CALL HEADERCM)

220906 DO 12875 1=1,M512075 XXVC(I)»=ALOGIZ(XKVCI))

22100 WPl TE(2,18430) C(LINECI),XTCI),XEB(I),XCCCI),XKVCII,CCID,ZCI),
221187 1WCIY,2VCI),2DWCIdLCICIdLRPCID,LVCIN, VHCID, VHUCCI ) L,HLVCIY,
2212CLTCI)LHICDLH(D) L, 1=, M)

2213¢ 61 CaLL DETACH(Z;.)

22140 PRINT 166, AAD

22150 160 FORMAT("YOUR OUTPUT VALUVES ARE STORED IN FILE * AB)
22168 59 FORMAT(A4,A8,An13)

22178 cO TO 3290

22182 175 PPINT,"FILE PROBLEMS ILLEGAL CHAP/BUSYSOR SYSTEM PROBLEM"
22190 PPINT, "OVTPUT VALUES NOT SAVED AS REQUESTED"

222086 32@ CONTINUE

22210 GO0 TO 293

22220 294 PRINT,"PROGPAMMED STOP; TYPE NOT EQUAL 1 OR -1"pPETURN 1
2223@ 941 PRINT 946,1STAT

L6
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H5328s CONT.

22240 946 FORMATC("FILE PROBLEM. CALL FTS $42-2403 AND GIVE THIS NUMB
22258&Ep ",012)

22268 293 CONTINUE

22278 CALL DETACH(1,,)3 RETUFN

22275 22275 RETURN |

22280 END

22290 FINCTION PPED (ZST,VST,XKF., TYPE,ZREF,AR, LTS,XL1)

22300 XC=¢64.4/XKF)*( TYPE®(ZREF-ZST) ~UST*(. S« AP*DTS-XL 1/¢32.2%«DTS)))
22310 XR=(64.4/XKF)*(+5%APxDTS+¥L1/¢(32.2«LTS))

22320 1FC(XC+GE.®.0)PRED==. 5%XB+. 5% SQRT(XE*% 2+ 4,.%XC)

22330 IF(XCeLT.®.8)PRED?+5%XE-. 5% SQRT(XB*%2-4,%XC)

22340 RETURMS END

22350 FINCTION CORR (ZST,VST,XKF,VAH, TYPE,Z PEF, AR, DTS, XL 1)

22360@ XC=(64.4/XKF)*( TYPE*(ZREF=25T) =+« S# UST*AR®DTS=XL 1% ( VAH-VST)/
22370&¢64.4%DTS))

223808 XB=32.2xAR® DTS/XKF

2239@ IF(XCeGE:B.0)COPP=~¢5%XB+. 5% SQRT(XE%% 2+ 4. %XC)

22480 IF(XCeLT.0.0)COPR=.5%XB~, 5% SORT(XB%%2-4.%XC)

22418 RETUPRNS END

22426 FUNCTION ZNEVW (ZST,VST,VF,AR, DTS, TYPE)

22430 ZNEW=Z ST+ TYPE*.5«ARKDTS*(VST+VF) !
22440 RETURNS END :

22459 SUBROUTINE TEST(ISTAT,ICEC)

22468 DIMENSION ITEST(S)

22470 DATA 1TEST/082,085,037,0€4,034/7

22430 1 DEC= 3 .

224908 ISTAT=FLD(6,6,ISTAT)

22500 IFCISTAT.EQ«ITEST(3).OR.ISTAT.EQ.1TESTC(1>) IDEC=1

22510 I1FC1STAT.EQ.ITEST(2)) 1DEC=2 ’ .

22520 1FCISTAT.EQ.]J TEST(4)) IDEC=4

22536 IF(ISTAT.EQ.ITEST(S)) IDEC=S

22540 RETURNS END

2255@ SUEFOUTINE VALZC(A,TVl, T!, TLAG, TV2, DTS, N, EBL,XEE)

22560 DIMENSION XTC(281),XEB(201)

22570 T2¢=0.@;ppl=@.0; DTM=DTS/66.@:XT(1>=6.05pP1=3,141593

22588 [FC¢TVi-DTM) 182,186,186

22599 132 PRINT,"YOUR 1ST VALVE RATE IS LESS THAN ONE TIME STEP"
22668 PRINT, "ENTER VALVE OPENING RATIO AT END OF IST TIME STEP"
22616 vraAD, BRI

22620 T1=0.0

22630 156 CONTINUE :

22640 1F(TV].GE.DTM)PRI=TI/TUl-AxSINCPI*TI/TV])

22658 T2s=BBlxTVZ

22660 DO 214 J=1,6

22670 TEN=T25+( TYSKEE!-T2S+A%x TU2xSINCFI%*T2S/TVE) )/
226382¢1.2-AxP1%COS(FI*xT25/TV2))

22690 1F(ABSCT2N/T2S-1.0).LE.2.0001) GO TO 215

227¢8 214 TZ8=T2N .
22718 215 CONTINUE

22720 T2=Tl+TLAG
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H5328%  CONT. -
22738 T3=vZ-T2c+Tv2
22740 N=T3/LTM+E
22750 po 52 1=2,N
2276@ XTCII=XTC(I-1)+DTM
22770 IF(YTCI)LE.THVRB(IISYT(LI) /TUI-AxSINC( DIV T(L) /7 TV])
22730 IFC(YT(I)eGT.TI.AND.XT(1).LE. TE)XBE(1)=PE!
22798 IF(VTCI) «GT.T2)VEBEC(I)F(YT(I)=T2+T2R) /TUC-Ax S N(PI®(XT(1) - T2+T2=>
2230868/ T2)
2281@ 52 CONTINTE
22320 1F(VER(N).GT.1.0)XBE(N)=1.0
2233¢ pETV'ONI END
22340 SvBEROTTINE DATAF(#*) : .
22356 COMMON LQ7,LNV,VEE(Z01), TvDE,PI'N,¥N,?,2L,27,%¥L1,¥L2,%vL3,¥vL4,XLS,
223 608K, vKE,vK3, VK4, LTS, M, 1 VALY, N, EBL, AAL, TV, TI,TLAG,Tv2,AAc.$AG.wi
‘ 223768IN1,1°eINS, IDELL, I CEL2,NCTAPT, XK, VAL L, I1VVAL2,LINE( 20])
. 2238¢ CHAPACTER wIIN«35, AAE*x8,AAC* 10, CFILE+C4
22390 IFC(LOV.EDN,.3) GO 10 11520
22906 ENT™ OUNI(*)
22910 IF(LCZ.ER.Z) GO TO 11528 )
i 22920 CALL PRINTT ' .
£2930 IF(NCTATT.EN.Q) GO TO 11520 vt
22940 LNz =2i PEWVIND !
22958 11528 KXKK=29
2296@ GO TocCllil,t12),Ln2
22978 112 CALL PE®I'N(XXK,LAX,JKL)
9 22932 go v0¢1,2,3,4,5,6,7,3,9,18,11,12,13,14,15,16,17,18,1%,20,21,22,23,
22990424,25,26,27,23,29,36) ,JX%L
23000 111 CONTINYE
230106 Go Toc¢l,112),Ln7
) 23€28 1 TOINT,"AA-ENTED ISFILL;0P ~I1=EMPTY; 0P @=TEPMINATE NOW*
23232 PEAD, "VTE
23049 IF(ARS(TY™E).LT.0.993G60 TO 174
2385€ G0 To0(2,112),L07
y, 23660 2 oviMT,"AD-ENTE® YO'® DPPORLEM NAME®
P? 2367€ ©»EAD 33,°'"N

23¢3@ 33 FOPMAT(A3S)

23098 GO0 T0¢3,112),Ln7,

2310€ 3 PPINT,"AC-ENTEP l=l-CtLv.50® 2=2-C""LY. OPEPATION"
23118 wrEAD, VY

2312¢ coy v0C4,l12),Ln7 i

23132 4 orIN~Y,"AD-ENTER® VDPPEr POOL ELEVATION" h
23140 PEAD,7Y

£3158 Gn TO(S,112),Ln?

23160 5 oPINT,"AE-ENTE® LOWE® POOL ELEVATION®

23179 mEAD, 7L

23138 6o T0:16,112),Ln7

23198 6 voINT,"AF-ENTE" CtL''. POOF ELEVATIONY

23200 vEep,7®

23218 Go T0¢7,t12),L07

€322€ 7 PmINT,“AG-ENTEP C".''s LENGTH"
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HS5320s ° CONT. -

23238 pEAD,XLI)
23240 GO ~0¢3,112),L97
23252 3 PPINT,"AH-ENTEP C'"LV. VIDTH"
23260 REAT,YL2
23278 GO T0¢9,112),L0”
23282 9 PPINT,"Al-ENTEP C'LVU. HEIGTH"™
232908 PEAD,vL3
23302 GO TO(C10,112),LR72
23312 1@ PpRINT,"AJ-ENTER CHAMBE®W LENGTH"
23320 PEAD,¥L4 .
23332 G6n TOoC11,112),Ln2
23340 11 PPINT,"AK-ENTER CHAMBE® WIDTH"
2335¢ PFEAT,XLS
2336@ GO TOo(l2,112),L07 .
23378 12 PRINT,"AL-ENTE® CI'LV. INTAKE LOSS COEF."
23380 PEAD.YKI
23330 GO TOC13,112),L0”
23402 13 pOINT,"AM-ENTER 1'-S CI'LV. LOSS COEF."
23419 prAD,vK2
23420 GO TOC14,112),L02
23430 14 PPINT,"AN-ENTE® D-& CULV. LOSS COEF.”
2344@ PEAD, YKJ
€34508 GO TOC15,112),L072
23462 15 PRINT,AO-ENTE® CVLY. EXIT LOSS COEF."
23470 PEAD,XX4
234308 6D TOC16,112),L02
. 23490 16 PPINT,"AT-ENTE® TIME STEP IN SECONDS"
] 2350 PEAD, LTS
23519 GO T0¢17,112),L02 ’
t 23520 17 reoINT,"AR-ENTE® TOTAL NO. OF CALC. STEPS LESIFED"
. 23532 REAL,M
23540 ¢o TOC18,112),L92
2355¢ 13 opINT,"AP-ENTEP TYPE OF VALVING() OF 23 CEE TABLE)"
23568 PEAD, L17ALY
23578 IFC(IVALY.ER.2) GO TO 50

! 23580 GO T0C19,11556),L0%

- 2359¢ 11556 Laz=1

b 23606 19 PPINT,"AS-ENTER NO. OF PATIOS TO BE ENTEPED"
‘ 23612 «7EAD, N

23629 GO TO(208,112),L072

23630 28 OPINT,“AT-ENTE® YALVE PATIOS(SEP. EY. COMMAS)*
23648 PEAD, (YBB(I1)>,I1=1,N)

23650 1FCIvVALI.EC.0.AND.I1VAL2.EQ.L) LOZ=2
23660 1AL l=]

23670 1F(XK.EN.1) LA2=2

23630 GO TO 68

23690 S8 GO TO0(21,11591),L07

23700 11591 1.nz=1

23718 21 veINT,"A"-ENTER VALVE SAG*™

23720 PEAD, SAG

L9




H53z08¢ CONT.

2373¢
23740
23758
23768
2377¢
237880
23736
23800
23810
2332¢
23830
238 40
233 5@
23360
2337¢
23830
233982
239¢e0
23918
239¢c¢e
23930
23340
2395¢
23960
23970
23930
23998
24002
24210
24220
240360
24040
24250
240668@
242170
2430
24090
24100
2411¢
2412¢
2413¢
24140
24152
24160

24190

GO T0¢22,112),L02
22 ©PINT,“AV-ENTE®
FEAD, TVI

GO T0¢23,112),LA2
23 PRINT,"AY-ENTE®
PEAD, T!

GO TO(24,112),L07
24 POINT, A% ~-ENTER
PEAL, TLAG

GO TO0¢25,112),L07
25 PRINT, "AY-ENTER
PEAL, TV2

H5320
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FI®STY YALVE PATE"

TIME VALVE STOPS MOTION(MINV'TES)™

DUPATION OF STOP(MINUTES)"™

0y

FINAL VALVE PATE"

1FCIvVALL.EQR. 1. AND.IVAL2,ER. @) L0O72=2

1vaL2=1
IF(KX.EQ. 1) Lg7=2
68 CONTINTE

GO0 TOC26,112),L07
26 poINT,"AZ-ENTEP
PEAD, IPPIN!

GO T0C27,112),L02
27 PRINT,"BA-ENTE®
FEAD, 1°PIN2

GO0 TOCZ3,112),L02
23 PPINT,“PE-ENTE®
®EAD, I CEL!

GO TO(23,112),L02
29 PPINT,"BC-ENTEP®
PEAD, IDEL2

GO TO¢38,112y,Lp2
32 CONTINT'E
LINECl)=100

£O 54 J=2,N/184+6

LsT OUTPUT CONTROLS l=DO, 8=00 NOT PRINT®
2ND OUTPUT CONTROLS I=C0,2=D0O NOT PPINT"
FIPST OUTP"T PATES I=EVERY YALVE®

FINAL OUTP!'T PATE; 2=EY. 2ND VALUVE"

54 LINECJI=LINECJ-12+2
ENCODECANAC, S5)Y" /", AAB, "5 *

g0 62 J=M+1,N+18
62 XPBR(J)ZXEB(J-1)

ENCODE(CFILE, 59)Y"CF, /", AAB, ", B/1, 37,7, Vs
CALL ATTACH(1,AAC,3,08,15TAT,)

€5LL TEST(1S"AT, 1DED)

GO TOC172,173,175,175,175),1DEC

173 CALL ACCESS(CFILE, $175)

172 CONTINVE

CALL ATTACH(!,AAC,3,,)
UelTECL,56)LINEC]), TYDPE, XN, ®I™N,LINE(2),2'"2L,2P, LINECD),
2417€8XL 1, XLE,%XL3,¥L4, LS, LINEC4) , XK1, XK2, XK, VK4, LINECS), DTS,
2418¢eM, N, 1ALV, IPPINL, 1 PPIN2Z, I DEL), I DEL2

0 53 J=1,N/13+1

24200 [FCITALY.EQ.2)wRITEC L, STILINEC6), SAG, TUL, T, TLAG, TUR
24210 IFCIYALY.EN.2)C0 TO 61 .
24220 58 vplvECL,STILINECJI+S), (XBPR(1),1=18x5-9, 16sJ)




HSJ20s

24238 61
24240 55
24259 S9
24260 56
24270413,
24230 S7
24290 GO
2430¢ 174
24310 175
24322 2¢e
243308 pgT
243490 119
24350 <'B
24369 CHA

H5320
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CONT.

CALL DETACH(!1,.,)

FOPMAT(AL,A8,Al)

FOPMAT(AL, AS,AL2)

FO°MAT(!3,2F4.0,A35,/,13,3F8.3,/,13,5F8.3,/,13,4F8.3, 7/,

F5.1,214,512)

FOPMAT(13,10F6.3)

TO 20@
PPINT, "PR0GFAMMED STOP; TVOE=E@; PEYIEW vO''® DATA™S PETI™N 1
ORINTFILE PROPLEMS; ILLEGAL CHAPACTEFRS BU'SY;0F SVSTEM PPOB.”
IF(NSTAPT.EQ. 1) GO TO 1192

1'pyN

2 NSTART=Q;LOZ=1;RETUPN 1 END

FOUTINE PRINTT

PACTER AAAx1}

24370 PPINT,*"SHOMLD 1 PPINT A TAELE OF INPU'T CODES?Y=YESIN3NO"

24380 ©vEA
24390 1¥¢

D., AAA
AAR.EQ.IHNIGO TO 4

2440¢ PPINT £

24418 2 F
24422 AA
244302"AB
24440848'AC
24450@4'AD
244688"N\E
2447C&"AF
244388 AG
2443 2aAH

T 245008 Al

245108 ad
245208)

24538 vpi
24548 3 F
245582aA%
245604 AL
245702 A
245304'aAN
245988A0
246088 /%N
246184 AP
246202A0
246302'AP

OVMAT("CODE VAPIABLE"™, 17X,"DESCPI®TION/
TYPE",3X,"I1=FILL; - I1=EMPTY; @= TEPMINATE FIN"/
RUN", 4X, "PPORLEM NAME(3S SPACES AYAILAELE)*/
XN, 5%, "1=0NE C''LV.52=T¢vQ0 CULYVEPT OPEPATION"/
Z1rv, S, "IPDER POOL ELEV.C(FT-DATIM) '/
7L, 5X,“LOVER POOL ELEV.(FT-TCATI™M)™/
zov, 5¢,"C'".V. POOF ELEY.(FT-DAT!™) AT VALVYE"/
LYY, 4%, "CULY. LENGTHC(FT)'/

XL 2", 4%, "CI'LV. WIDTHC(FT)'/
XL3", 4%, "CrrLV. HEIGTHC(FTY "/
XL4%, 4%, "CHAMEEP LENGTH(FT)*/

NT 8

O PMAT(
~L5", 4%, "CHAMPEP WIDTHC(FT)'/
vy, 4%, "INTAXE LOSS COEF."/

VK2, 4%X,"1'-¢ COND''IT LOSCS COEF."/
XK 3*,4X,"C~-S CONDULT LOSS COEF."/
XK4'", 4v,"EvIT LOSS COEF."/

OTE:LOCK COEF.=SQUVAPE ROOT OF 1/(XKI+XK2+XKI+K4+0O, 1)y /
DTS™, 4X, "TIME STEP(SEC.) FOP CALC"LATIONS'/
M", 6%,"NO. OF STEPPEL VALUESCINCL. TIME=8.8)*/
IVALYY, 2¢, "VALVE OPTIONS: 1SPOINT-EV-POINT™/

246404, 25X, "2=11SE PROGPAMMED FUNCTIONS'/

246508/"1
2466084°A%

F tvaLvu=l*/zs
Nv, 6%, "NO.OF VALVES OF YALVE OPENING PATIOS TO EE READ'/

246702, 11¢,"CINCL.G.8 AT TIME=0.8 AND 1.8 AT vVALYE FULL OPEN)"/

246302, 11

X, "THESE YALUES ARPE DTS SEC. APART(SEE AP,ABOVE)'/

246922A" XBRCI)'", 1X,"N VALVES(SEPARATE WITH COMMAS) OF"
IX,"YALYE OPENING PATIOS'/
F IvaLu=2v/y

SAG', 4%, "NOPMAL SAG AT 1/2 VALVE TIMECAPPROX.=28.1)*/

24708/, 1
247182/1

247284 A1
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HS5320s conT. -

247302)

24740 paiNT 6

24756 6 FORMATC

24760¢ A" TUl",4X,"INITIAL OPENING PATECMINS. TO FULLY OFEN)*/
2477¢&"Aw  TI",S5X,'"UVALVE MOTION STOPS AT T! MINCS.*,

247802"A¢ TLAG"™, IX,"”VALVE HOLDS POSITION FO® TLAG MINS.''/

247902"AY TUZ",4X,"FINAL OPENING PATE(MINS. TO F'LLY ODEN)"/

243004/ "NOTE:NON-STEPPED OPENING: Ti=Tyl, TLAG=8.0, Tu2=Tylny

243 104/"NOTE: THE NEYT I TEMS CONCE®N THE P®RINTED ONTOITTY/

248202A2 1PPINI™, IX,"1=PPRINTS OU'T ITEMS AA THP' A0,ABOVE"/
24330¢, 11X, "0=L0 NOT PRINT ITEMS AA THRU AQ'/

2484€evBA  1PPIN2*, 1X,"L0SS TISTRIBUTIONS: I1*PRINT, 8=D0 NOT PPINT'/
243504"BR IDEL! PRINT I1ST AND EV. IDEL1*DTE¢ SEC TO VALVE F'LL OPEN"/
243604“EC ILEL2",2¢X,"PRINT EV. IDELZxDTS SEC. TO (M=~1)*DTS SEC."//)
24370 4 CONTIN'E

24382 PETUONS END

2489¢ SMERQUTINE HEADER(M)

24500 14848 FOoTMAT( @8 H5320 18 15 ELGE"/"89 (¢15¢/),(3%X,3F6,.2,F9.2,F7.8,
CA9106847T7.2,4F6.2,5F7.2)) /710", 181,13/l I8¢ 1))

24920 14860 FOTMAT("1Z C'"'oYE DESIGNATIONS FO® H5320 APE:*/"13 I1=TIME",2
24930844, " 10=CAVI TATION PARAMETEP"/*"l4 2=VYALVE OPENING PFATIO",9X,*"ll=pa
S494BLTE-OF~PICE"/"15 3=CONTRACTION COEF.*, 11X,"12=2UELOCITY AT REF APEA
249502*/16 4=LOGC(YALYE LOSS COEF.)>",7%X,"13=*vyELOCITY HD AT PEF APEA'/"!
2496087 S=TOTAL INFLOW™, 16X,“14=vVELOCITY HD AT VENA CONT"/"18 6=LOCK V
249 T@&ATEP SURFACE(W~S)*, 5X, " 1S=HEALLOSS TH®U' YALVEY“/"19 T7=v/S VALVE VE
249868LL vw-8'',10%,"16=T0TAL HEADLOSS*"/%"20 38=PIEZ HD BELQV VALVE",9¥,"17
249908&=INEPTIAL TERM"/"21l 9=D/S VALVE WELL v-5%,10X,"13=y-° DIFFERENTIA

1250808L"/"22 NITS FOP AEOVE VARIABLES ARES*/*23 MINUTES=1',8%,"FT/MIN

250104=11"/"24 NONE=2,3,4,10",4¢,"FT/CEC=12"/»25 (CFS§=5%,12%¢,"F1=13, 14,
25220415,16, 17,13 /"26 FT-DATIM=6,7,8,9")

2503@ wRITE(CZ, 14840y ¢M,1=8,13)

25040 welTE(Z,1436@) -

25252 PETUPN

2560 END




