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APPENDI X B
LOCK FI LLI NG PROGRAM
MEMORANDUM FOR RECORD 8 March 1974

SUBJECT:  Engineering Summary of Lock-Filling Program "FLOCK" (Mllers
Ferry Prototype Test Conditions)

OVERVI EW

1. Introduction. This FORTRAN program has been used prinmarily to
simul ate existing nodel and prototype test data. The input format is
desi gned for expedient time-share operation and pernits convenient
changes in the values of flow coefficients, in the basic |ock geonetry,
and in selecting which conputed values are to be printed or plotted.
The four primary deficiencies of the programin regards to being a
conprehensive |ock design program are as follows:

a. Type of lock operation. The programis for filling only; no
all owance is nade for enptying operations.

b. Valve schedules. Single valving and synchronous valving are
i ncl uded; nonsynchronous, stepped, or nonsimlar (land wall different
than river wall) valving is not programed.

¢c. Culvert geonetry. The two culverts are identical; that is, the
l ength, width, and height of the land-wall culvert is the same as that
of the river-wall culvert; and the intake, conduit, and nanifold | oss
coefficients of the two culverts are equal. These conditions are gen-
erally no drawback in analyzing a symetrical filling system (Dardanelle
Lock, Arkansas, for exanple); for contradictions to these conditions
(a split lateral system for exanple), average values are used as in-
put data.

d. Calibration. The nodel should be calibrated for single-valve
and synchronous-val ve operation in order to accurately evaluate the flow
coefficients. This may be done by neans of (1) prototype tests,

(2) nodel tests, or (3) using values pertinent to sinmlar systens that
have either nodel or prototype data available. A good estimate of the
total |oss coefficient may be calculated if the traditional |ock-filling
coefficient is known.
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2. The first three deficiencies are prograrmable; the fourth one wll
be resolved as nore nodel and prototype data for different types of
filling systems are inspected. Tinme and need permtting, a computer
program wi ||l be constructed that wll overcome the progranmable defi-
ciencies. Meanwhile the program "FLOCK' has acconplished the follow ng:

a. The general mathematical fornulation (an unsteady-flow problem
is simulated by a succession of steady-flow situations; each steady-flow
solution is nodified to include an approxinmate inertial-correction
term) has proven to be a reliable representation of the perfornmance of
the prototype and nodel |ocks studied.

b. The stepped predictor-corrector schene used in the calculations
has been shown to provide a sufficiently accurate solution.

c. A neans of determining the pressures imrediately below the
val ves (based on experinmentally determned contraction coefficients)
has been established.

d. The effects that the valve opening tine, the loss coefficients,
the lock and culvert geonetry, and the head |oss through the culverts
have on filling tine, overtravel, pressure below the valves, |ock
chanber rate-of-rise, and other dependent phenonena have been observed
in sone detail.

3. Since "FLOCK" is relatively small and convenient (conpared with a
program that incorporates the three programmble deficiencies listed
above), it will probably be retained intact. The purpose of this neno-
randum is to briefly describe the conputational techniques, and the
input data required in order to run the program MIllers Ferry Lock,
Al abama, is used for illustrative purposes. The reader is assunmed to
have some faniliarity with the FORTRAN conputer |anguage and with tine-
shared conputer operations.

MATHEMATI CAL  MODEL

4, Introducton. A definition sketch of the sinulated flow conditions
at time, t , during a filling operation is shown in Figure B-1. The
governing equation is

V(t)2
2g

[Kl + K.+ Kv(t) + K + Kh]

. =2 - z(t) - H(t) (B1)

2
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in which
(intake, K,, K,, K(t) , K, and K,are head loss coefficients
respectively); V(t) is the average velocity at a reference location in

the culvert(s); g 1is the gravitational acceleration (32.2 ft/sec’; Zu
is the upstreampool. elevation; z(t) 1is the elevation of the water
surface in the lock chamber; and H(t) is the head (effective inertia)
required to accelerate (H is positive) or decelerate (H is negative)
the flow.

5. The value of H for unsteady frictionless flow in a prismtic
tube of length L is(1)

_ L av(t)
fHp = g ot (B2)
Substituting Equation B2 in Equation Bl gives
(K. + K. +K (t) +K +K]M—z (¢) - L avle) (B3)
17 e T Y 37 Tog T fw T P T Tt

6. The values of z(t) and V(t) are related by continuity, that is

oz (t)

A =% = na V(t) (B4)
in which Al is the |ock chanber water-surface area, n is the nunber
(1 or 2) of culverts operated, and A, is the culvert cross-sectional
area. In programmng "FLOCK" the value of A applies imediately

below the valve well (i.e, before any change in area occurs); all
vel oci ty-dependent or area-dependent variables (loss coefficients, for
exanple) are related to average conditions at this specific |ocation.

7. Equations B3 and B4 are the basic relationships used in the |ock
filling. The valve loss coefficient K(t) is a function only of
val ve position and, consequently, is known a priori for all t

8. Conputational sequence. Al variables are known at an initial tine,
t.,, the tine is incremented by a set amount, AV , to the time of
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interest t; =t;., + At . The corresponding increase in velocity,
AV =V, - Vi, i's to be deternined using finite differences to sinulate
t he dlfferentlals in Equations B3 and B4.

9. In the case of Equation B4
nhA
_ c aAv
o=z, *3 (Vi-l * 3 ) At (B5)
1
10. In the case of Equation B3, a backwards difference is used to rep-

resent the partial differential, Equation B5 if substituted for z(t)
and the terns are rearranged to give the following first approxination
for av.

nA At
AVE + AV v, o+ %ﬂ ( LE)

i " e (B6)
/ nACAtV 1
L’u-zl-|- A =0
1
AV is the positive real root of Equation B6; this value is used to
obtain a first estimate of v; and z
11. Moving ahead one time interval and letting AV = V. -V, , a
. i+l i
similar approximate solution at ti+l is
nA At
a2+ av, |av Kzg ( S it>
o Ma 1 &
5 5 nACAtVi
i T oonll G iy v (8)
i+l 1

Vi+1 1s calculated once AV_, which is the positive real root of
Equation BT, is known.

12. Now a central difference is used to obtain a better estimte of
AV and of the conditions at time t; ; that is
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nA At L{v. - V.
g + -
AV2+AV 2Vil+12{<—c>+ (11 11)

.\ 28] Daht
nA AtV
o 2 AtV g
_ g - - — " l= B8
*Via K, 2y 7 %5 A ) 0 (88)

The program "FLOCK" solves Equations B7 and B8 sequentially to give an
accurate evaluation Av . Equations B6, B7 and B8 provide a sinple
predictor-corrector nunerical solution®to Equation B3.

13. Starting and stopping the solution. In the program the cal cu-
lations are initiated at i =2 and tine t= At Al necessary con-
ditions at i - 1 =1 are known; that is V, =t; = 0 and z; equals
the initial lock chamber water-surface elevation. The solution term-
nates whenever i attains a value preselected by the operator (when-
ever the complete filling time is not required) or whenever either

AV or AVy has an imaginary value (Vi < 0)--the latter situation

is a conplete lock filling.

OBSERVATI ONS  REGARDI NG ACCURACY AND CONVERGENCE

14.  Ceneral remarks. Several unsteady features of the flow are not
included in the mathematical nodel--exanples are oscillations of the
water in the lock chanber; surging between the upstream pool, the |ock
chanber, and the valve wells; and pressure fluctuations below the
filling valves. Cavitation below the filling valve (to the extent that
the rate of flow through the valve is decreased) is also not included.
In situations where these types of effects are of significance, the pro-
gram wi I | obviously generate erroneous values; on the other hand, when
these effects are of a secondary nature (as usually is the case) and
when the program is accurately calibrated, the calculated val ues appear
to be as precise as any data with which they have been conpared.

15. A maxinum time step interval (At) of 15 set is recomended;

Figure B-2a illustrates the effect that changing the tine step size has
on convergence (with regard to filling time and cavitation index*) for
one test condition at MIlers Ferry Lock. As indicated in Figure B-2a

* The procedure for evaluating the cavitation index is given in para-
graph 30; a mininmumvalue is of interest.

B-5



EM 1110-2-1610
15 Aug 75

VEESHP
SUBJECT:  Engineering Summary of

8 March 1974

Lock-Filling Program "FLOCK" (Mllers
Ferry Prototype Test Conditions)

the primary benefit of using a snal
t; to be near the time that the cavitation index is actually near its
m ni mum val ue. The effects of looping through the predictor-corrector
schene for the sane test conditions are tabul ated bel ow soon after the

flow begins to decelerate (after

At

= 17

is sinmply to force a value of

in the exanple), the value of

AV reaches a nearly constant value (-1.09991 in the exanple) and the
need for the correcting procedure no |onger exists.

Table B-1. Significance of the Predictor-Corrector Schenme
(Mllers Ferry Tests 1, 3, and 7 Test Conditions)
*
Vi (AV)3 (av), - (av)
. fps fps/15-set 3 2
1 0.00 -- --
2 3.12 3.12408 0. 00000
3 6. 47 3. 34137 0. 00000
4 9.73 3. 26082 0. 00000
5 13. 95 4.22720 -0. 00001
6 20.13 6.17296 -0. 00004
7 27.40 7.27577 0. 00036
8 32.97 5.56575 0. 00105
9 35. 47 2. 49839 0.00110
10 35.04 -0.42901 0. 00021
11 34.06 -0. 97256 0. 00005
12 32.99 -1. 07507 0. 00001
13 31.89 -1.09888 0. 00000
14 30.80 -1. 09969 0. 00000
15 29.70 -1. 09986 0. 00000
16 28. 60 -1. 09990 0. 00000
17 27.50 -1. 09991 0. 00000

* The subscripts 2 and 3 refer to the results of the second and third
| oop through the predictor-corrector
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DATE FILE "LOCKD'

16. Introduction. Al data which are needed to describe the Iock geom
etry, the operating conditions, and the hydraulic characteristics are
placed in this data file. Keyboard input during a run is limted to
itens having to do with the nunber and size of the conputational steps
and with plot and print options. An exanple of "LOCKD' is shown bel ow
the itens in the file are described in the follow ng paragraphs.

100 80.34 38.77 26.00 2.00 2 MLLERS FERRY TEST NO 5
102 377.00 10.00 10.00 655.00 84.00
104 0.20 0.05 0.70 0.25 0.13
106 2.20 3.20 0. 65 0.80 0.90

17. The first nunber (100, 102, etc.) in each rowis the reference line
nunber and is not read as data. In addition, the first space follow ng
the line nunber is outside the format field and nust be |eft blank.

18. Line No. 100. The format is (4F7.2, 12, 7A5); these data are read
at line No. 170 in the main program "FLOCK." The itens, identified by
the FORTRAN synmbol used in the program are as follows:

Val ue Units Synbol Description
80. 34 Ft-Datum ZzZU Upper pool elevation
38. 77 Ft - Datum AL Initial lock chanber elevation
26. 00 Ft-Datum ZR Cul vert roof (at valve) elevation
2.00 M nut es VOor Val ve opening tine
2 -- NC No. of culverts operated
M LLERS, etc. T RUN (7) Title of condition being studied

19, Line No. 102. The format is (5F7.2); the data are read at line
No. 175 in "FLOCK." The itens are as follows:

Val ue Units Synbol Description
377.00 Ft XL1 Length of culvert
10. 00 Ft XL2 Wdth of culvert (at valve)
10. 00 Ft XL3 Hei ght of culvert (at valve)
655. 00 Ft XL4 Length of |ock chamber (average)
84. 00 Ft XL5 W dth of |ock chanber

20. The prelimnary evaluation of XL1 is sinply the distance between
the station at the downstreamend of the intake nmanifold and the one at
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the center line of the crossover culvert (balanced flow system; or the
average distance between the stations at the downstream ends of the in-
takes and the ones at the first lateral culverts (split lateral system.
However, since irregularities in culvert geonetry (location of the valve
wel I's, expansions, etc.) also influence the inertial effect (see para-
graph 5 and reference 3), the value of XL1 may be changed (usually de-
creased) from this sinplified interpretation.

21.  The ampunt of overfill is a neasure of the momentum of the flow in
the culverts; a conparison of observed and calculated (with no adjust-
ments to the defined XL1 values) overfill follows.
Overfill, ft
Symmetrical Systems X1, ft Calculated Observed
Dardanelle prototype (1 valve) Lok.10 0.7k O.S(h)
(2 valves) Lok.10 1.1L4 1.1
Millers Ferry prototype (1 valve) 377.00 0.46 O.M(S)
(2 valves) 377.00 0.80 0.7
Bankhead model (1 valve) Lok .00 0.61 0.6(6)
(2 valves) Lok.00 0.96 1.2
Nonsymmetrical System
Barkley prototype (L/W valve) 650.00 1.25 0.79*(7)
(2 valves) 422,00 1.59 1.10%
* Mter gates open before maxi mum overfill occurs.

22. Line No. 104. The format is (5F7.2); the data are read at line
No. 180 in "FLOCK. " The itenms are as follows:

Value Units Symbol Description

0.20 None XK1 Intake loss coefficient (Kl in Figure B-1)

0.05 None XK2 Upstream conduit loss coefficient (K, in
Figure B-1) 2

0.70 None XK3 Downstream conduit loss coefficient (XK. in
Figure B-1) 3

0.25 None XKL Manifold loss coefficient (K, in Figure B-1)

0.13 None A Valve pattern coefficient (sag coef.)

23. The best way to precisely evaluate the loss coefficient values for an
existing lock is to calibrate the program by adjusting the coefficients
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until a computed filling time equals a measured filling time. However,
even without these data reasonably accurate, values may be obtained
using the followi ng relationships.

a. The sum of the four coefficients added to the |oss coefficient

of the fully open valve equals 1/c’ where C is the traditional |ock
coefficient.

b. The sum K, + K,, wusually is approximately equal to 0.25.“

¢c. The values of K and K, are estimated from the Darcy-
Vi sbach coefficient, fl/D , where f is the friction coefficient, 1

is the appropriate conduit length, and D is the hydraulic dianmeter of
the cul vert.

d. The value of K, is largely dependent on (A/A)? in which A
is the culvert area and A, is the corresponding discharge port area.

e. Mnor losses (due to bends, expansions, etc.) may contribute to
any of the four coefficients.

24, A brief listing of the loss coefficients for four |ocks is given
below. For the first three |locks the values are derived fromitens
a.-e. above; for Barkley Lock the values are derived from prototype
test data.

Symmet ri cal Lock Coefficient, CL

Syst ens K, K, K, K, Kt * Progrant* Cbserved***
Dar danel | e
prototype (9)
(1 valve) 0.20 0.05 0.75 0.30 1.40 0.85 --
(2 val ves) 0.20 0.05 0.75 0.70 1.80 0.75 0.66"

Mllers Ferry
prototype (10)

(1 val ve) 0.20 0.05 0. 80 0.35 1.50 0.82 -

(2 val ves) 0.20 0.05 0.80 0.55 1.70 0.77 0.72%®
Bankhead nodel

(1 valve) 0.20 0.05 1.18 0.20 1.73 0.76 --

(2 val ves) 0.20 0.05 1.18 0.70 2.23 0.67 0.67%
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Non- Lock Coefficient, C

symretri cal

System K K Ks Ky Kt * Progrant* Cbserved***
Barkl ey pro-
totype(7)

1 val ve) 0.20 0.08 0.42 0.86 1.66 0.78 T o(11)

2 val ves) 0.20 0.08 0.22 0.86 1.46 0.83 0.75

K=K+ K+ K+ K+ K(ty); 0.10 is the value assumed for
Ko(ty)
** C = V1/K,_ .

t

***  The observed values of C are from nodel tests.

25. The valve opening pattern is approximated by the foll owi ng equation:

o |

= t—— _ A sin (}G‘i) (B9)

v &4

in which b/Bis the valve-opening ratio (B = XL3 = culvert height);
t/t, is valve-tine ratio (t, = VOT = valve opening tine); and Ais
the sag coefficient. The calculationis at line No. 240 in "FLOCK. "
The value of A is obtained fromthe valve opening pattern; A equals
(0.5 - b/B) at t/t, =0.5.

Lock A Comment
Dar danel | e 0.21 Large sag
Mllers Ferry 0.13
Bankhead 0.08 Smal | sag
Bar kl ey 0.14

26. The val ve opening pattern for Mllers Ferry Lock is shown in
Fi gure B-2b.

27. Line No. 106. The format is (5F7.2); the data are read at |ine
No. 185 in "FLOCK." These values (terned B*, C, D, E, and F, respec-
tively) are used to fit a succession of curves to the valve |oss co-
efficient (B*, C and the valve contraction coefficient (D, E, F) as a
function of valve opening. For data analysis purposes, the effects of
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altering these values are often of interest; for design purposes the
tabul ated values are adequate.

28.  The valve loss coefficient is approxinmated (as shown in Figure B-3)
as follows:

(a) =0 K_ = 10000.
%_
(b) 0 < % < 0.2 K = 004 (105770-2%) (B10)
v b 2
*_
() 0.2 <2<1.0 K =10 C(v/B) (B11)

29. The following three points pertain to the above conditions as used
in the conmputer program

a. The value at b/B = 0 is not used in the calculations; it is
only used to fill out the array of K values to simplify the
progr ammi ng.

b. The functions (b) and (c) are single valued and are equal at
b/B = 0.2 ; the corresponding derivatives (which are not used in pro-
gramm ng) are not equal at b/B = 0.2 .

¢c. The value at b/B > 1.0 is the loss coefficient due to the
valve well and the full open valve.

30. As used in "FLOCK" the contraction coefficient, C _ is a param
eter needed for calculating the piezonetric head, (p/yc+ 7) at the
roof of the culvert imrediately downstreamfromthe fiiling Valve and the
cavitation index, GC. for the |ow pressure region below the valve.
The expressions used to conpute these values are:
2 2 .2
bl = y_ BNV
(y * Z>r =2, - (K +K) 5 - (ch) og (B12)
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2

o < ch> <ch) V2
Ci= Yr_ + 33.0 - B l—-—B—' *‘B;— Eg— (813)

31. Since the flow pattern below the valve changes as the valve opens,
publ i shed contraction coefficient values are appropriately used in
Equation B11l only at internmediate values of b/B, say 0.3 < b/B < 0.7
To fill in the values outside this range as well as to provide a ref-
erence set of values for G at the intermediate openings (the pub-

i shed data show consi derabl e scatter) the follow ng equations are used

b ) mb
0<g= 0.2 3 CC =D + (E-D) cos m) (B14)
b _ b - 0.3B
0.2 <3 ; C,=T - (F-D) cos (Tr RN ) (B15)

32. The internediate values of C, are sensitive to the value of the
parameter, D, in Equations Bl14 and B15; simulations of nodel and pro-
totype test conditions have shown that the values 0.65, 0.8, and 0.9 for
D, E, and F, respectively, are adequate for mbst design purposes--the
corresponding curves are shown in Figure B-4.

33. Program Qutput. Three unsubscripted variables are conputed and
printed as foll ows:

Program
Vari abl e

Nane Description

XKT XKT is the sumof the |oss coefficients; i.e.,
XKT = K, in paragraph 24.

I | is a variable subscript; for exanmple filling
tine is between (I-2)At and (T-1)at¥* dur-
ing the filling operation.

Z0rT Lock chamber overfill; ZOT is the difference

between the |ock-chanber water-surface and
the upper pool elevations at time MAt where
Mis a value of | that term nates the
conput ati ons.

*

At is the incremental tine.
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34. The subscripted output
Program
Variabl e . .
Nane Di mrensi ons
C
H Ft
H Ft
HL1 Ft
HL2 Ft
HL3 Ft
HL4 Ft
HLT Ft
HLV Ft
PVC Ft
Q Ft 3 sec
RUN
RR Ft/mn
Vv Ft/sec
VH Ft
XBB
Xcc
XKV
XT M n
Z Ft - Dat um
zv Ft - Dat um
zw Ft - Dat um

EM 1110-2-1610
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variables are as follows:

Eval uati on-- D nensi on
Conversions Are Omitted Here

B-13

Equation B13, C
- Z.

u i
Equation B2, H
Kl V2/2g
K2 V2/2g
K3 V2/2g
Kh V2/2g
Kt v é2g
Kvi Vo /2g
Equation Bl12, (P/y)r
nV_.A

ie

I

N

Title (see para. 18)

Q/AR

Vi—l + AV

ve/2g

b/B
Equations BlL and B15, C,

Equations B10 and Bil, KV

Equation B8,

+ At
ti-l A
Equation B5, z
+
(p/y + 2)

2
Z, - (1 + Kl + K2)V /2g
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STATUS

35. The programis set up for 600 series time-sharing conputer opera-
tion at the U S. Arny Engineer \Waterways Experinent Station.

Frank M Neil son
Engi neer
Anal ysis Branch
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o2 & ST.ANTHONY FALLS LOWER LOCK ] &
MODEL |, (CE-F TEST 12) i
¢ ST. ANTHONY FALLS LOWER LOCK
MODEL 7, FILLING VALVE
¥ ST ANTHONY FALLS LOWER LOCK
0 MODEL 7, EMPTYING VALVE cE
O  DALLES LOCK MODEL
0.08 PLAN B,4-MINUTE VALVE
O  MCNARY LOCK MODEL, TEST 1, RUN 1-C
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H AREA OF VALVE OPENING (A’
BASIC EQUATION KV.VZ/TS AREA OF CULVERT Ac
WHERE

Ky = VALVE LOSS COEFFICIENT

HL " HEAD LOS5S ACROSS VALVE
INFT OF WATER

V = AVERAGE VELOCITY IN FT/SEC
9 = ACCELERATION Of GRAVITY-FT/SEC?

Figure B-3. Loss coefficient
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Figure B-4. Reverse tainter valve contraction coefficient
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