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O A. PURPOSE OF PROGRAM

To compute the loss coefficient of a reservoir outlet works for a given gate
opening from drawdown data given the stage versus reservoir volume relation

and knowing the average inflow rate (may be zero) during the observation period
of drawdown.

Reference: Moore, E. T., "Reservoir Storage Evacuation Time by Integration,

Civil Engineering, April 1971.

SEE FOLLOWING PAGE. N 1

C. MET HODS

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. This main program handles all I/O re-

quirements, computations, and writing.

D. EQUIPMENT DETAILS

The program was developed and is operational on the WES G635, Vicksburg, MS.
It is also operational on HIS 66/80, Macon, GA, and Boeing CDC, Seattle, WA.

ff ! . INPUT-OUTPUT

Input requirements are: observation period of drawdown in hours, initial and

I- . final gage heights of water surface in ft above outlet intake invert, outlet
• conduit cross-sectional area in ft2 , coefficients of power curve to data of

gage height (ft) versus reservoir storage (acre-ft), and the average inflow

n into the reservoir in acre-ft/hr. Output includes the given input data and

the loss coefficient of the outlet conduit.

F. ADDITIONAL REMARKS

Complete documentation of this program is available from the Engineer Computer

Programs Library, Technical Information Center. WES.

I t OG RM 2883 PREVIOUS EDITION$ ARE OS9LE .

AUG .



H2251

B. PROGRAM SPECIFICATIONS:

Language: ANSI FORTRAN (FORTRAN IV)

Solution Requirements: The run command

RUN WESLIB/CORPS/H2251,R

and the inputs defined in E.

Method of Analysis: Numerical integration of the continuity equa-

tion combined with the stage versus outflow and stage versus reser-

voir storage relationships.

Core Requirements G635: 11 K words

External Storage: None

Restrictions: Period of observation of drawdown should be less than

24 hours to meet computational limitation of the GE 637 computer

system.

General Equation: Continuity equation

dt

where Q is the outflow, B is a constant inflow and L is the
dt

change in storage.
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112251

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

PART I: ENGINEERING DESCRIPTION

1. PROGRAM NUMBER: 722-F3-R0-2DI

2. TITLE: H2251 - Computation of Loss Coefficient for an Outlet Works

from Prototype Drawdown Data.

3. REVISION LOG: N/A

4. PURPOSE OF PROGRAM: To compute the loss coefficient of a reservoir

outlet works for a given gate opening from drawdown data given the stage

versus reservoir volume relation and knowing the average inflow rate

(may be zero) during the observation period of drawdown.

Reference: Moore, E. T., "Reservoir Storage Evacuation Time by Integra-

tion," Civil Engineering, April 1971.

5. STEP SOLUTION:

a. Input. The input variables that must be defined prior to exe-

cuting the program are:

(1) The observation period of drawdown in hours, i.e., the time
required for the reservoir water surface to fall from an
upper level to some lower level. The time should be limited
to less than 24 hours to avoid computational errors de-
scribed in paragraph 5c.

(2) The initial and final gage height of the reservoir water
surface in ft above a datum such as the invert of the out-
let works intake. Any datum is satisfactory provided it
is also used in thre gage height versus reservoir volume
relationship in (4) below.

(3) The cross-sectional area of the outlet conduit in ft2 .

(4) The coefficients of a power curve fit to the plot of gage

height (ft) versus reservoir volume (acre-ft). A straight

1. ..-
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line is fitted to the log-log plot and the equation has
the form:

Y =AXB

where Y is the reservoir volume (acre-ft), X is the
gage height (ft) (the same datum use in (2) above is re-
quired), and A and B are the coefficients required by
the program.

(5) The average inflow into the reservoir during the observa-
tion period in acre-ft per hour. Zero inflow is the most
desirable inflow condition because it simplifies the
solution.

b. Theoretical Formulation. Formulation of the problem is derived

from the continuity principle: i.e., outflow minus inflow equal to a

change in storage or:

- dV (W)
dt

dV
where Q is the outflow, B is a constant inflow and - is the

change in storage or volume in the reservoir. The outflow (Q) is de-

fined by:

Q A -K (cfs) = o.o826AKv- (acre-ft/hr) (2)

where A is the cross-sectional area of the outlet conduit (ft 2), h

is the total head (ft), g is the acceleration of gravity (32.2 ft/sec
2

and K is the outlet works loss coefficient. Flow rates in this formu-

lation are expressed in acre-ft/hr because of the common practice of ex-

pressing reservoir storage in units of acre-ft.

2
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The reservoir volume or storage is expressed by a power function of

gage height, i.e.,

V = ChD (3)

i1

or head (must correspond to h in equation 2). The coefficients C

and D are determined from a straight line fit to the data of volume

versus gage height plotted on a log-log plot. If a simple straight line

does not fit the data over the range of gage heights, straight line seg-

ments of best fit should be used. Thus, C and D of the segment con-

taining the values of observed gage height would be selected.

The rate of change of V with respect to time can be written as

dV = cDhD-1 dh (4)
dt dt

Substituting equations 2-4 into equation 1 and solving the resulting

integral equation using a power series expansion (see Ref page 1),

an expression for the time (hrs) required to draw the reservoir water

surface elevation from one level to a lower level with constant inflow

is obtained:

t 2D-i 2D-2

t 2CD (B -1 - (5)

N i-E \2D

where, E = o.0826A4KT  , hI and hF are the initial and final water

surface gage heights, respectively, and N is the number of terms in

3i
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the series expansion (magnitude of N depends upon desired accuracy).

If the constant inflow (B) equals zero, then the terms for i = 2, 3,

N equal zero, thus greatly simplifying the solution, i.e.,

/ 2D-1 2D-i

2CD h hF 2E (-- 2 D / (6) 

Substituting the definition of E into equation 5, the functional rela-

tionship in terms of the outlet works loss coefficient (K) is expressed

by:

O26A 2g ihl (2
F(K) = 2cD Zi 1 h2 i h - t (7)

where:

Zi = (8)(0.0826A2-g) i-1 (2D-i)

Note: Z is set to 1/2D-1 if inflow (B) equals zero.

c. Numerical Solution. The solution of equation 7 is obtained by a

first order, Newton fixed point iterative scheme

F(K.)

i+l i F'(K.)
i

where Ki+ I  is the new approximation of the loss coefficient based on

a previous approximation (K.) and the value of the function (equation 7)

and its first derivative (F'(Ki)) with respect to K . Differentiating

equation 7 with respect to K

14
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F' (K) i/CD i hh (O)

0.0826A4[ zih\- hF/J 

equation 9 as two terminating criteria. The first is defined by

K - Ki  < £ (ii)

where c is a user specified error tolerance. Its value in the program

is set at 0.01. The second cirteria is that if convergence specified by

equation 11 is not obtained in 200 iterations, the program stops. A

third terminating criteria is used in equation 7 to minimize the number

of terms (N) in the series since the GE637 is limited to a maximum ex-

ponent of 38. Computation is terminated when the difference between

F(K)i_ and F(K)i  does not exceed one percent, i.e.,

F(K). - F(K) i-i < 0.01 (12)

F(K)i + F(K)i--

2

However, if equation 12 is not satisfied after 35 terms (i = 35), the

program stops and a message is printed stating that "reasonable accuracy

cannot be obtained." If the period of observation is restricted to less

than 24 hours, the criteria in equation 12 should be obtainable with

i< 35.

d. Steps in Program Execution.

(1) Input variables defined.

(2) The initial value of the loss coefficient (K) is set equal

to 1.0. - -- - 1 1

5
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(3) If the inflow (B) is zero; Z is set equal to unity and
equations 7 and 10 are solved with N = 1 ; go to step 5.

(4) If the inflow (B) is not zero, equations 7 and 10 are solved
with i = 1 , 2, ....N until the difference between F(K)N
and f(K) N is less than or equal to 1 percent. If N
becomes greater than 35, the program stops and an error
message is printed, "reasonable accuracy cannot be obtained
with given data."

(5) Newton's method is applied to compute another approximation
for K using equation 9 and the values of F(K) and F'(K)
from step 3 or step 4. If the difference between the new
approximation of K and the previous value of K is less
than 0.01 (equation 11), the solution is complete and the
results are printed. If the criteria of equation 11 is not
satisfied, the program returns to step 3 or step 4 (depend-
ing upon the value of inflow) with the new approximation of
K and repeats until equation 11 is satisfied or 200 itera-
tions are reached. If the solution requires more than 200
iterations the program stops and a solution is not possible
for the given input data. Once equation 11 is satisfied
the results are printed.

6



H2251

PART II: COMPUTER FUNCTIONAL DESCRIPTION

1. REVISION LOG: N/A

2. FUNCTIONAL FLOW CHART:

START

READ: period of observation, initial gage height, final gage
height, cross-sectional area of outlet, conduit, coefficients
of power curve average inflow per hour

SIcompute: E, AA, AAI, K

F T

I Jset :JJ=O

Scompute :

suM2=0, suM3=0,
and I=0

compute: EXPI, EXP2,
EXP3, ZI, SUM11, com~pute: Idi fference "
SUM1, SUN122, SUM2, .]

SUM3, FKP, FKI, FK

T _

FL
TI

• .. , . :,:*t-.,n. 2
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+ ~~~ compute: KSTAl,

RR :ReasorableJ I> 3
accuracy cannot re J>2 K>.
obtained for data F F 

T

FF
L irloss coe F

STO
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S. EUiiTDENT AND 'PERATING SYSTEM: The program was developed on a 1635

time-sihare sy;ste. in waich input/output equipment consisted of a Model 3?

remote teletype, it i.s now operational on the WES G635, Vicksburg, MS;

" ,t/Y, 7:con, iA; and oeing CDC, Seattle, WA.

n:KaiM , i. Tne required inputs are entered via the user's

time- .7i:x.- terminal device in free-field format.

ZEC I)NT)A , ' :, : )fLJR IN-I_: None.

.i'T DATA DESCRIh: Te following names are used for the input

vari:LLie.: in Hrogram h2251.

,'d'KA - cros-sectional area of outlet conduit, ft2

C -EFF - y intercept coefficient of power fit curve

CrEFFIB - slope of power fit curve

FLOWIN - averag e inflow, af/hr

1iEAD1 - initial gage height, ft

HEADP - final gage height, ft

TE - period of observation, hr

7. OUTPUT DATA DESCRIPTION: The follow name is used for the output

variable in program H2251.

K - loss coefficient

8. PROGRAN 1E _A_' : Return from all program mes sages is RERUN or 2Tt; .

a. Reasonable accuracy cannot be obtained for data. Suert de-

creasing time of observation in data collection.

b. Newton method exceeds 200 iterations - .;tope,,i.

. .5
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9. VARIABLE DEFINITIONS:

A - temporary variable

AA - temporary variable

AAI - temporary variable

AREA - cross-sectional area of outlet conduit, ft
2

COEFFA - y intercept coefficient of the power fit curve in the gage
height (ft) versus reservoir volume (af) relation

COEFFB - slope of power fit curve to the gage height (ft) versus
reservoir storage (af) relation

DIFF - percent difference (fraction) between the value of F(K)
equation 7, and F(K).i 1

DK - difference between the new approximation to the loss coef-
ficient (K) and the previous value of K

E - temporary variable

EXP1 - exponent, i - 1

EXP2 - exponent, 2D - i/2

EXP3 - exponent, i/2

FK - functional relation in terms of K , equation 7, with the
number of terms (N) in the summation equal to i

FKI - same as FK except the number of terms (N) in the summation
equal i - 1

FKP - the value of the first derivative of F(K) with respect to
K , equation 10

FLOWIN - constant inflow, af/hr

HEAD1 - initial gage height of reservoir water surface, ft

HEAD2 - final gage height of reservoir water surface, ft

HFILE - 5 character name of program (H2050); passed to WESLIB
routine HACCT for bookkeeping

10
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JKL - directs return from WESLIB routine RERUN to desired input
read

K - outlet works coefficient

KSTAR - new approximation to loss coefficient K , equation 9

LQX - equal 1, print instructions from WESLIB routine RERUN;

equal 3, no print

LQZ - equal 1, execute all input cues and reads; equal 2, call
WESLIB routine iERUN and execute only desired reads

SUMI - value of the terms summed in equation 7 for the initial

gage height and N equals I - 1

SUM11 - same as SUMi except N equals I

SUN2 - value of the terms summed in equation 7 for the final gage

height and N equals I - 1

SUM22 - same as SUM2 except N equals I

SUM3 - value of the terms summed in equation 10 and N equals I

TIME - observation period, hr

ZI - value of equation 8 for each increment of i

ZZZZ7 - 2 character; equal to RE, rerun; equal ST, stop

10. EXAMPLE CASE:

Input: Observation period (TIME) = 4.167 hr

Initial gage height (HEADl) = 71 ft
Final gage height (HEAD2) = 70 ft
Cross-sectional area (AREA) = 16 ft2

Coefficients of power curve (COEFFA) = .0435
(COEFFB) = 2.574

Average inflow (FLOWIN) = 0 af/hr

OUTPUT:

11i
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H(22SI CALC"LA'~!V OF O"lTLE' V'1' LOSS COEFFIC!Ir
- P0'1 PPO"rO''E MA!"'FELef OF DFAWDOW.9

AA-EN'EP V"EPIOLD OF OFSEPUATIO'l (HPS).
-4.167

AP-EVJEr' INI!TIAL GAGE H4EIGHT-FEET ABOT'E OlrLET INI"EPT.
=71

AC-EirEP FPIAL GAGE EIGM'r-FEET APO"E OtT!LET !'N1'ET
=70

AD-VJ'EP CPOSS-SECT104AL APEA OF O!TLET CONDITI! IN FT**
2

.
=16

4E-DJEP COEFF!CV E S OF "'O'.'E7 C"l~"E FIT TO GAGE HEIGHTCFTr Ile PE!!EPVOIP
110L.11E(ACI E-Mr. FOP.9 OF Eo rATIOM: Y'Aa'X*B; WHEPE - EflVALS GAGE HEIGHT,
X~ EQTTALS VOlL"HE AW1D A AHID P APE TH1E COEF ICIE-1-r. ENTEP A AW1D
"HENI P 5EPEPATED '11TH A COMMIA-
-. 0435, 2. 574

AF-ENTEP -ME.A'.?~PAGE INFLOV7 PEI' 40TIP IN ACPE-F/HP FOP THE
ISEPlOD OF OBSE!"'AT1O4.
.0

?'EPIOD OF OBSErP?ATION A . 17 HP5.
UIITAL GAGE HEIGH'(F. AMIYE OT'!LET INIFEPT) =71.00

FINAL (9AGE HEIGH(F-. ABOVE 0"!-LFT IN~TYEPT) - 70.00
CPO!SF-!ECrIO!IAL ArEA OF O"rtET COMY~TtT.= . 6.00 Fdr**2

COEFFICIEVTS OF T'Ou.Eu' 0"PIFE-GAGE HEIGHT VS5 PESEP'JOIP IPOLtYIE.
PIM? OF EOtATIO!J 'A*X**B ITHEPE:

A = 0.04350
B - 2.57400

INFLOV 0. ACPE 'Fr/HP

O,?TPTYrr H22SI:
LOSS COEFF. 16.7128

D)TED PEP"N. OP STOP
=CTO P

12
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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: H2251 - Calculation of Outlet Works Loss Coefficient from

Prototype Measurement of Drawdown.

3. PROGRAM SOURCE LISTINGS: See pages 14-17.

4. NUMERICAL AND LOGICAL ANALYSIS:

Newtons first order fixed point iteration scheme is used.

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 14 contains the first line run command and

brief for H2251. This first line run command runs the binary H2251B of

the source listing on pages 15-17 (FORTRAN source of 112251) and

attaches to WESLIB routines HACCT and RERUN.

13
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03/02/79

112251I

0800 64 *YrH1C PPOGAM COM"Wr!e '14F LO! rorrrrzrn OF A P~c!rl'Ytv 011-

0810 65Lr.- VO"-7e Fl" A G1"TE1 GA-E lrFP1'G FvoP1 rvAW,1DrO%'I DATA, G!"N 'i{

0820 64c"AGE I" PEcE-v')I" '?OL"!lE L'ELA11V1* A'ID K%1110V'YPIG q{! A'E'"AGE INJ-
0830 64rt.. "A rA"D Er2 "!j 14'E O25FEP"A'10! PEPV3D OF DrA .N-

0840 0Stl"J.
0850 62 I!~ty-T1 DEITIOED APE: DrAW'3DOM.~ OPeEPV4Y1rlOj PEPIOD HP, !-! 'IAL

0860 62A'ID FIN~AL GAGE 41E1Gfv O V 'ATEP t?YrACE Fr APV'lE VI"TLE- I1'AKE

0a870 61j,1,'',O,-L!* Co'"'l-~~ECI~ Arl A zor,COEFFICIV1'5 OF

0330 62!'O"TE" CT"P"E TO DATA OF GAGE HE!G'(' FT VJ5PEP"! eOPAGE AFA

0890 4SANID -4E A"rEPAGE INFLOW M'I') 'r1(E PErEP"OX" AF4
0900 64 O"Tol"- PCL'IrES -4E GI17VI DAIA AID THiE LOce COEFFICIENT OF THE

0910 15V',?LE CINOTYIT.
0999*0

6
F111 !Z7
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02/27/79

!42251I

0000I*,"m~ *=3,Cj'n,!i2251SPciOGO)
10000 Lr,!=I;L~v=lD<K<=6; IDA K,KtzrAP
10010 CqAVACTEv 4PF1LE*5; %47LE5H225l
10020 PVI'p" 7
10030 7 F1rMA-(//-i2251 - CALC'LA-101 IF O'TI-E VOP1CS L0ce C0E*ICIE:J-

100404"/I 1' "Fv?4 'rfJ"!E MAS' PE1ENT OF rA'J'l,1"/)
10050 15000 CALL !ACC-(MFILE)
10060 Go ro(5,35),Lol!
10070 5 ?'P11' 310
10050 10 FO"'lA(/"AA-EE -EPIID OF OPSEPIIATIO'l (HPF).")
10090 PEAD. TIME
30100 Go -O(I5,85),Lf!'
10110 15 *'pi-j- 20
10120 20 rjvMA(/"AB-E!E INiITIAL GAGE HIGH"-FEET ABOvIE O! LEr 1'11EP7.
10 130&,,)
10140 rEAD,-IEADI
10150 c-, 'TO( 2

5,85),L'yZ
10160 25 30
10370 30 FOP4A'rc/"AC-ENvr FINAL GAGE 4IGlvr-FEET APOT?E 0O'1FLE 1'41YEP".")
10130 DEADMEAD2
10190 GO 7O(35, 8 5),LC!
10200 35 pINIT 40
10210 40 FOPMA-(/"AD-E'rEP CFPOS5-SEC!!IOtAL APEA OF O"ITLET CO'ID"IIT IN FT*
10220s*2. '*)

10230 wFAD. A"EA
10240 GO -O(45,85S,LO!'
10250 45 -v~- 50
10260 50 FOrrlA'r(/-AZ-E!1 rE- COEFFIC!E'I'r OF -'O'EP CI'PT"E FPdr -0 GAGE %HE!G.
102704( F ) 11c~ FIPM OF EQ"lA'rtO3: -"A*X**n
10280& wMrE - EVI"ALC GAGE {EG ,/"(E~tlAL5 "OL1.lIE AID A AmJ B ArE 'THE
10290&COEFF!CrE-s. E!1 Er A AND "/"4E.4 F 5E1PEPA'ED VI'!i A COMMA")
10300 PEA), COErFA, COEFFF
10310 Go O(55,85),LOZ
10320 55 ii'60
10330 60 FOvMA-(/ AF-ErTvFP TrHE A"YEPAGE 1NFLO'-T PEP 40T"P 1IN ACPE-FT/1P FOP
10340& 'HE"" EPIlD Or OBSEPIPA1IOA1. ')
10350 PEAD, F1.37'1-
10360 GO -0C 9

5, 8
5),L't

10370 35 CALL P~1KLWJL
10360 GO 03(5,15,25,35,45,55,95),JKL
10390 95 !~"120, ?*E,HiEAD1.MEFAD2, ArEA, COEFFA, CO!FFP, FLOV''I
10400 100 F1A/I IT'/EvO OFOPF!r'"A-10-1 iF.2 ~e*
10410a-I1'11-xAL CASE HE!GM (FT. ABO"FF OILE- I!T'YEV') , ,F7.2./,**F*IAL GA
104204GF 4EIGM"C(F' APO"!E O"IThT IEP") , *,F7.2,..Cvll-ECdlONlAL APE
10430&A Or* )1'r'Y'F CTID"!" ,F7.2," F-**2,,/.COEC!FlTZ OF 7O'VEP C'm
1044041"E-GAGE 4E! G9"' '7t PlEcE-111OP "LE./ F'1OF Er'A! 012 VUA* **I

104504 ~EE:"/,5v ,"A ' ",FIO.S,/, 5xc,",-*,1.S/"IL'' '". AC
10460&-E FT/Hr"/)
10470 E-COEFFP-0.5
10480 AA0.08264*APEA.5'rC 64.4)

'5
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02/27/79

10490 AAI'COEPA*C)EF/AA
13500 K'CCI!ME*E)/(AAI*(!.EAD2*E-flEAD2*E),**2.
10510 1(O"!.L..,Go To 130
10520 jj-0
10530 8 A=AA/crlpt)

10550 9 lA9I)
10560 Lr 2-C 2.*COFB-LOA(I))/2.
10570 T31 FL.O Arc )/2.

10590 CIT4 -!t

10590 1s 1
10600 SYtI 2,"l+tI***(!'YPI/2. )*11FAD2**E"P2

10640&2)
10650 FKP=AAI*q"!13
10660 FK-2*OFr*OFr*!!fl-,P2)/-f4
10670 TK=( 2

.*COEFA*COEE*( St?l I- ,.t2)) /A- TIME
10680 IT(!.TA'.1) Go To 116
10690 in rF- c r- I) / c c .p r1) /2.)
10700 lFCABS(DIF ).LE.0.01) GO TO 120
10710 116 i~t.1
10720 I(!.r.E.35) pioj1' 121
10730 I(..S)GO -0 135
10740 121 FOPMATC/"PEASO'1ABLE AC!TrACY-CAqVOT BE: OBTAIVEO FOP DATA."
107S0SFIGGECT DCPEAt!'1G TIME OF OPFEP"TA'rO!l INJ DATA COLL Ef'TI 01."/
10760 GO TO 9
10770 120 0T1JE
10780 K!:rAr-It-FK/FKP
10790 tW{AI3c(K-KFTAP)
10500 jj-j. I; KRK! AP
10310 IPCJJ.GE.200) Go To 125
10820 IT(DK.GE.0.001) GO TO 8
10830 Go To 130
10848 125 rpiriT 126
10550 126 FOft1AT(/I' iEV 0!1 MEr2{OVt- CEEDED 200 1 TEPArI ONSI s ~rED,
10860 230 PPXIPT lSO,K
10870 150 FOVMAd(//0TTit'? 4225l:"'"LOSS COEFT. =",F10.4)
10880 135 LVZ-2
10590 CHAPACT~et ! 77-"*2
28900 16000 !-pr's'r 16002
10910 16002 TOF 1A-r//-E1TE PET!" OP STOP")
10920 'PEAL) 16001,
10930 16021 rOP4A-T(A2)
10940 IFTC -!!.Fn.214E) GO To 15000
10950 ItC(!Z:.E.24!vr) Go TO 20000
10966 PPI~1r,'"Err-Ol * PE"'rE"
10970 Go -0 16000
10980 20000 c~op

16
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02/27/79

H2251~C~r

10990 E3
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