
1140 RFTURN

1150 INPUT £ 1,6ft' <0

1160 DIM GATEHINVERT(6ATENN0),6ATEMC0EF(6ATEHN0),6ftTEHMIDTH(6ATEHH0)

1170 DIN SATEHHEI6HT(GATEMMO),6ATESPiLL(GATEHNOl,6ATEHSIZE(6ATEHN0)

1180 FOR J=1 TO GATEMNO

1190 INPUT £1,GATEHINVERT(J) ,6ATENC0EF(J),GATErtWlDTH(J',6ATEMHEI6HT(J),6ATEHSIZE 

IJ),SATESPILL(J >

1200 NEIT J

1210 INPUT £1,014

1220 IF Ql*=’U’ THEN RETURN

1230 INPUT £1,6ATENSTART,6ATERSUH,GATEHFL0N,FL0NHESC

1240 RETURN

1250 INPUT £1,GATEHNO

1260 DIN GATEHIMVERT(GATEHNO) ,GATEHC0EF (GATEHNO1,6ATEH*!IDTH*riATEHNO),6ATEHHEIGHT 

(GATEHNO)

1270 FOR J=1 TO GATEHNO

1260 INPUT £1,GATEHINVERT (J) .6ATEHC0EF (J) .GATEHNlDTH (J),GATErJHE 16HT (,J)

1290 MEI7 1 

1300 INPUT £1.02*

1310 IF 024«’U' THEN RETURN

1320 INPUT f1,6ATEHSTART,6ATEHSUH,GATEHFLON,FLONHESC 

1330 RETURN

1340 INPUT £1,FUSESTART,FUSECREST,FUSEIEN6TH,FUSEC0EF

1350 RETURN

1360 INPUT £1.PTNOU

1370 DIN ELEVU(PTNOU),DISCMU(PTNOU>

1360 FOR J*1 TO PTNOU 

1390 1«PUT £l,£LtVU(JI,DISC^'«,l 

1400 NEIT J 

1410 RETURN

1420 IF 0Tl*2 THEN 60SUB !460:60SUB 1520

1439 GOSUB 2650

1440 RETURN

1450 :PRINT HEADING...............................................................

1460 IF OPT 1*1 THEN 0UES*I2 

1470 CLS:PWINT £1-,U

1480 PRINT £I,T1TLEII:PRINT £ I,T1T L E :PRINT £1,jPRINT £!tL*:PRINT £1,

1490 IF 0PT1M THEN IKPUT’PRESS ANY KEY TO CONTINUE:-\Of 

1500 RETURN

1510 ' tPRINT ADDITIONAL 5f.T*......................................................

•

1520 PRINT £1,TAB<20)j’ELEVATION*;TAB(45);'STORAGE*

1530 PRINT £1 tTAB(20>;*.........*}TAB(45)....... *:PRINT £',

1510 FOR 1*1 TO NOSTEL

1550 PRINT £1,TA6(20)jCLEV(I);TrtB(45>jSTOR(1)

1560 IF OPT 1*1 THEN GOTO 1600 

1570 NEIT I

1530 IF OPT I * 1 THEN PRINT:INPUT’PRESS ANY KEY TO CONTINUE:-’,0t:60T0 1630 

1590 60T0 1630

1600 IF l-OUES THEN INPUT'PRESS AMY KEY TO C O N T I N U E 0*:CLS:60T0 1620 

16*0 GOTO 1570

1620 QUES-GUES+I8:PR1NT £1 ,TAB'20) t "El.EVAT IOM’; TAB (45); ’STOPACE ’: PR I NT £1,:60T0 

1570

1630 FOR 11*1 TO SPILLNO

1640 ON SPILlNAY(II) GOSUB 1670,1820,1890,2040,2240,2440,2510 

1650 NEIT II 

1660 RE 1URN

1670 IF 0PT1M THEN QUES* 16:CLS:GOTO 1690 

1680 PRINT £ 1,:PRINT £1,

1690 PRINT £1 ,A«:PRINT £1,*............ ':PRINT £1,



1700 PRINT fl.’ND NIDTH HEIGH' INVERT UNCOEF BUBCOEF'iPRI 

JIT Cl,

1710 FOR 1*1 TO C 1N0

1720 PRINT £ 1,1;TAB(5))CULMIDTHtI);TAB(17);CULHE16HT(I>;TAB(29)}CULINVERT(I>; 

1730 PRINT £ 1,TAB(41);CULUNCOEF(1);TAB(S3);CULSUBCOEF(I)

1740 IF OPT1 = 1 THEN 60T0 1780 

1750 NEXT I

1760 IF OPT 1=2 THEN RETURN

1770 PRINT:INPUfPRESS ANY KEY TO CONT1NUE:-*}OS:RETURN

1780 IF I -OUES THEN PR I NT:INPUT"PRESS ANY KEY TO C0NTINUE:-’;Qi:CLS:60T0 1800

1790 SOTO 1750

1800 0UES=0UES*20

1810 PRINT £1,"N0 NIDTH HEIGHT INVERT UNCOEF SUBCGEF":PR I 

NT £i,:60T0 1750

1820 IF 0PT1*1 THEN CLS:60T0 1840 

1830 PRINT £1,:PRINT £1,

1840 PRINT £ 1,B<:PRINT £ 1 / .................. ’sPRINT £1,

1850 PRINT £1,"NEIRLEN6TH NEIRINVERT NEIRCOEF":PRINT £1,

I860 PRINT £1,NIERLEN6TH;TAB(20);HIERINVERT;TAB 140)jNIE«COEF

1870 IF OPT I*2 THEN RETURN

!88C INPUT’PRESS ANY KEY TO C O N T I N U E j 0*:RETURN

1890 IF OPT 1*1 THEN QUESM8:CLS:60T0 1910

1900 PRINT £1,sPRINT £1,

1910 PRINT £|,C*: PR I NT £ 1 / ....................................... *:PRINT £1,

1920 PRINT £ 1,'NO INVERT COEFFICIENT NIDTH HEISHT START El.

END EL’sPRINT £1,

1930 FOR J*l TO 6ATELN0

1940 PRINT £1,J;TAB<5>;BATEL1NVERT<J );TAB<17);GATELCOEF(J>;TAB(29»;6ATELNIDTH(J)

1950 PRINT £1,TAB<41);SATELNEI6HT(J);TAB(53);BATELS(J);TAB(65);GATELE(!)

1960 IF OPT 1*1 THEN SOTO 2000 

1970 NEIT i

1980 IF 0PT1*2 THEN RETURN

1990 PRINT:INPUT’PRESS ANY KEY TO CONTINUE:-,;OI:RETURN

2000 IF J'-QUES THEN PRINT:INPUT'PRESS ANY KEY TO CONTINUE:,0*:60T0 2020

2010 SOTO 1970

2020 6i'ES=QUESMfl

2030 CLS:PRINT £l,'NO INVERT COEFFICIENf NIDTH HEI6HT START -L 

ENO EL'sPRINT £|,:60T0 1970 

2040 IF OPTl*l THEN DUES=18:CLS:60T0 2060 

2050 PRINT £1,sPRINT £1,

2060 PRINT £1,DI:PRINT £1,*.................................. 'sPRINT £1 ,:0UES*16

2070 PRINT £ 1,'NO INVERT FREE COEF SPILL COEF NIDTH HEI6HT 

TRAVEL"sPRINT £1,

2080 FOR J»l TO 6ATENNQ

2090 PRINT £1,J;TAB(5);6ATEHINVERT(J)|TAB(17);6ATEHC0EF(J );TAB(295 jBATESPILL(J>; 

TAB(4I);GATEHN1DTH(J) (

2100 PRINT £1,TAB<53);GATEHSIZE(J*;TAB(65);6ATEHHE1GHT(J)

2110 IF OP TI * I THEN GOTO 2200 

2120 NEIT J

2130 IF OPT I * 1 AND 01I*'U' THEN 60TG 2180 

2140 IF 91I=’U’ TKtN RETURN

2150 PRINT £1 .sPRINT £1 /START TIME NO OF GATES/OP HA I FLON FION ESC' 

2160 PRINT £1,sPRINT £ 1,6ATEHSFART;TAB<15);6ATEHSUH;

2170 PRINT £ 1,TAB(30);GATENFLON; TAB(45);FI ONHESC

2180 IF 0PT1*; THFN PRINTsINPUT'PRESS ANY KEY TO CONTIwUE:-•,0*:RETURN

2190 IF OPT 1*2 THEN RETURN

7200 IF J*OUES THEN PRINT:INPUT’PRESS ANY KEY TO CONTINUE:-",QI:CLS:60T0 2220 

2210 GOTO 2120 

2220 BUES=0UES*I8

2230 PRINT £1,'NO INVERT FREE COEF SPILL COEF NIDTH HEIGHT 

TRAVEL":PKINT fl,:60TQ 2120



2240 IF OPT 1=1 THEN 0UES=18:CLS:G0T0 2260 

2250 PRINT fl,:PRINT £1,

2260 PRINT £l,E$:PRIhT £>,*..........................................'tPR'MT Cl,

2270 PRINT £!,'N0 INVERT COEFFICIENT WIDTH HEIGHT*:PRlHT £1,

22B0 FUR J*1 TO 6ATEHN0

2290 PRINT £1 ,J;T»lB(5); RATEHINVERT (J);TAB(17); GATl .COEh (J) j TAB (29) GATEHHI DTH (J >;

2300 PRINT £1,TAB(41),6ATEHHEIGHT(J)

2310 IF 0PT1M T'(EN GOTO 2400 

2320 NEXT J

2330 IF OPT I* I AND 02I*’U* Ti(EN GOTO 2380 

2340 IF 02t="U1 THEN RETURN

2350 PRINT £1,sPRINT £1,’START TIKI NC OF GATES/OP HAI FLOW FLOW ESC’ 

2360 PRINT £1:PR INT £ 1,GATEHSTART;)AB(IS);6ATEHSUH;

2370 PRINT £1,TAB(30)iGATEHFLOW;TAB(45>iFLOWHESC

2380 IF OPT I*I THEN PRINT:INPUT’PRESS ANY KEY TO CONTINUE:-*,8$:RETURN

2390 IF OPT 1*2 THEN RETURN

2400 IF JxflUES THEN PRINT:INPUT’PRESS ANY KEY TO CONTINUE:-’,8I:CLS:60T0 2420 

2410 GOTO 2320

2420 8UES-8UESMB

2430 PRINT £1,*N0 INVERT COEFFICIENT WIDTH HEIGHT*:PRINT £I,:60T0 2 

320

2440 IF OPT1*i THEN CLS:60T0 2460 

2450 PRINT £1,.-PRINT £1,

2460 PRINT £1 ,Fi:PRINT £!,*-•..........................*:PR1NT £1,

2470 PRINT£1,'NASH ELEVATION INVERT LENSTH COEFFI

CIENT’sPRINT £1,

2480 PRINT £1,FUSESfART;TAB'20);FUSECREST;TAB(40);FUSELENGTH;TAB(60);FUSECOEF 

2490 »r DPT 1*2 THFN RETURN

2500 PKINT:INPl'T’r ^ S’ AN* “ '' TO CONTINUE:-*,OI:RETURN 

2510 IF OPT 1 * 1 THEN OUES«16:CLS:60T0 2530 

2520 PRINT £1,SPRINT £1,

2530 PRINT £1,6$:PRINT £1,*..................... *:PRIN' £1,

25^0 PRINT £1,’ELEVATION 01SCHARGE*:PRINT Cl,

2550 FOR J*1 TO PTNOU

2560 PRINT £I,ELEVU(JI;TAB(20>;D!SCHU(J)

2570 IF OPT 1*1 THEN GOTO 2610 

258C NEIT J

2590 IF OP TI * 1 THEN INPUT’PRESS ANY KEY TO CONTINUE:-’,8I:RETURN 

2600 RETURN

2610 IF J*8UES THEN PRINT:INPUT’PRESS ANY KEY TO CONTINUE:-*,81:CLS:GOTO 2630 

2620 GOTO 2580*

2630 QUES*BUES*I8

2640 PRINT £1.’ELEVATION DISCHARGE’:PRINT £ 1,:GOTO 2580

2650 "jPRINT CALCULATION RESULTS..................................................

2660 ll-l

2670 FOR K*1 TO SPILLNO

2680 IF SPILLNAYIKI*3 THEN XI»IIM

2690 IF SPILLWAY(K>-4 THEN n*II»l

2700 IF SPILLWAY(K>*4 AND 03*1 THEN GOSUB 2820

2710 IF SPIlLWAY (K)*5 THEN I U I U I

2720 IF SPILLWAYIK)*5 AND 84*1 THEN GOSUB 2790

2730 NEIT K

2740 IF H < 0  THEN »I*0

2)50 A*1»I»B»E

2760 IF OPT 1 * 1 THEN 8UES«INT(I5/AI:8UEST*8UES 

2770 IF OPT 1*2 THEN 8UES=INT(46/A):8UEST*0UES 

2780 GOTO 2850 

2790 D*20/fiATCHN0:E=lNT(D>



INFLOW WATER OUTFLOW STORAGE a|IIlt;i:2t)H3

RATE LEVEL RATE VOLUME ■jYYll;YY2ljYY3

(•3/*) (a) (•3/t) (•3) •jZZII

2800 IF D.-E THEN E*EM 

2810 RFTURN

282f ‘O/BATEflNO: B= INT (A)

2810 ■* THEN 8--BH 

2e40 RE '■ •>

2850 60» jO 

2860 60SI j ’»’0:60T0 2960 

2870 IF 0FT1*1 .'MEN CLS:GOTO 2900 

2880 PRINT Ci CHRIIi:1

2690 PRINT £1,L$:PRINT 11,TITLEI•:PRINT £1,TITLE2I:PRINT £1,

2900 PRINT £1,L*

2910 FnINT £ 1,*T1HE 

«

2920 PRINT £1/

$

2930 PRINT £1," Ihouri)

2940 PRINT £1,:PRINT £1,1*

2950 RETURN

2960 FOR J=0 TO NOSTEP

?97v PRINT £1,USING *££££££.££*;TII4E(J);

2980 PRINT £ 1,T A B U 1>;

2990 PRINT £ 1, US I MG *«££££. EfjlNFLU*))

3000 PRINT £ 1,TAB<21>;

3010 PRINT £1,USING '£(£££.£££';KT(J);

3020 PRINT £1,TAB<31);

3030 PRINT £ 1,US ING '££££££.££*;OUTFL(J>;

3040 PRINT £1,TAG(41>)

3050 PRINT £1,USING *£.£££****•;STO(J»;

3060 FOR 1*1 TO SPILLNO

3070 IF SP1LLNAV<!)*3 THEN M*MSPACE»UO):LSET 114*«STf>* «LGATE (J>)

3080 IF SP1LLNAVU>*3 THEN PlUNT £1,114$

3090 IF SPILLNAV(11*4 THEN YY4»*SPACEI(I0):LSET YY4*=STR«(HGATE(J>>

3100 IF SPILLNAY(I>«4 AND 63*2 THEN YY5I*SPACE»(9):LSET YY5I*STRI(N6ATE0P(JI) 

3110 IF SP1LLNAV(I>*4 THEN YY6*=SPACE»(10):LSET YY6**S7R*(SPILL(J)>

3120 IF SPILLNAY(i)*4 AND 63*2 THEN PRINT £1,TAB<5II;YY4»;YV5I:YY6I 

3130 IF SPILLm AY(1>*4 AND 63*1 THEN 60^0 3150 

3140 60T0 3210

3150 PRINT £1,TAB(51)jYY4l;* ’{YY6I

3160 FOR J2-I TO GATENNO

3170 YY*i*=SPACEIl4>:LS£T YY5I«STRJ (NGATEOP(J,J2>>

3180 PRINT £1,YY5I;

3190 NEIT J2 

3200 P*!" Cl,

3210 IF SPllLNAY!l)*5 THEN 774«-SPACE1110):LSET ZZ4I*STR*(H6ATE(J)>

3220 IF SP I LLNAV <11*5 AND 64*2 THEN ZZ5**SPACEI(10)»LSET Z Z5»*STR» (HGATEOP <J))

3230 IF SP1LLNAY(I)*5 AND 64*2 THEN PRINT £1,TABI5II;ZZ4»jZZ5I

3240 IF SPILLNAV(1)*5 AND U4*i THEN GOTO 3260

3250 GOTO 3320

3260 PRINT £l,TAB(5lljZZ4l

3270 FOR J2*l TO 6ATEHNC

3280 ZZ51*SPACEI(4):L3ET ZZ5«=STR*(HGATF0P(J,J2>)

3290 PRINT £1,ZZ5t;

3300 NEIT J2 

3310 PRINT £1,

3320 NEIT I

3330 FOR I«l TO SPILLNO

3340 IF SP1LLNAY(I)>*3 AND SPILLWAY(1)<-5 THEN GOTO 3370 

3350 NEIT I 

3360 PRINT £1,

3370 IF 0PT1*1 THEN 60T0 3430

3380 IF J*OUES THEN 60SUB 2870:OUES=OUF S♦OUEST



3400 COSUB 3640

3410 IF OPTl*l THEN INPUT'PRESS ANY KEY TC CONTINUE:-*,0f:60TO 3460 

3420 GOTO 3460

3430 IF J*BUES THEN INPUT'PRESS KNY KEY TO CONT INUE:-a ,0t: GOSUB 2B70:GOTO 5450 

3440 GOTO 3390

3450 0UES*QUE5+6UEST:60T0 3390

3460 'j PR I NT SUHNARY.................................. ............................

3470 IF OP TI * I THEN CIS

34B0 PRINT £l,L*:PRINT £1,

3490 PRINT £ 1,‘PEAK I NFL ON RATE*';

3500 PRINT £1,USINE '££££££.£f; INFLONRATE;

3510 PRINT £ 1,*«3/»*

3520 PRINT £1,'PEAK OUTFLON RATE*’;

3530 PRINT £ 1,US ING •££££££.f f ;OUTFLONRATE;

3540 PRFMT £l,'«3/»'

3550 r'RINI £1 ,’LAG TINE**;

3560 PRINT £1,USIN£'£££££.££*;LA6TIHE;

3570 PRINT £ 1,'houri'

3580 PRINT £1,'PERCENTAGE ATTENUATION*';

3590 PRINT £1,USIN6'£££.££';ATTEN;

3600 PRINT £1,'I'

3610 PRU' £1,:PRINT £1,11

3620 PRINT: INPUT'PRESS ANY KEY TO CONT INUE:-\fil

3630 RETURN

3640 '(CALCULATE SUWIWRY............................................... ..........

3650 INFL0NRATE*0:0UTPL0NRATE*0 

3660 FOR J=0 TO NOSTEP

3670 IF INFLONRATE'! INFL(J) THEN INF L ONRATE* I NFL IJ): T1 *T I HE (J)

3680 IF OUTFLONRATE<OUTFL(J> THEN 0UTFL0NRATE*0UTFL<JI:T2*T:W(J)

3690 NEIT J 

3700 LA6TI«*T2-T1

3710 ATTEN-(<INFLONPATE-OUTFLON^ATE)/INFLONRATE)•i00 

3720 RETURN

3730 :ADDITIONAL HEADIN6S.................................................. .....

3740 FOR 1*1 TO SPILLNO

3750 IF SPILLNAVI|)>3 THEN GOSUB 3820

3760 IF SPILLNAYII>*4 THEN GOSUB 3800

3770 IF SPILLNAY(I)*5 THEN GOSUB 3810

3780 NEIT 1

3790 RETURN

3800 II3l*'SPi;.L,:YY3l*'l«3/»> '

3810 II2$*'NUHBER ,:YY2**'0F GATES *

3820 111fz‘GATED ':YY1I*'FL0N a:ZZif»a(«3/sl ':RETURN



Appendix

Variables  lir."



Appendix E

Description of Program variables

This appendix contains a d e t a i l e d  d e s c r i p t i o n  of each v a r i a b l e  use d in the 

program. As a p a r t i c u l a r  v a r i a b l e  name may be use d  in more than one of thy 

p r o g r a m  b l o c k s ,  the v a r i a b l e s  are p r e s m t e d  a l p h a b e t i c a l l y  in three groups. 

Thv. / are:

G r o u p 1 : String var i a b l e s

G r o u p  2 : Var i a bl e s

G r o u p  3 : Ariays and Ma t r i c e s

E-1



Appendix E

Variable Description

A$ "BOX CULVERTS'*

8$ "FREE O V E R F L O W  WEIR"

Cl " A U T O M A T I C A L L Y  C O N T R O L L E D  O V E R F L O W  WEIR"

D$ "MA N U A L L Y C O N T R O L L E D  O V E R F L O W  WEIR"

E$ " M A N U A L L Y  C O N T R O L L E D  HIGH PRESSURE O U T L E T "

F$ "FUSE P LUG E M E R G E N CY  SPI L L WA Y "

GS "USER DEFI N E D  SP I LLWAY"

Hi "PLEASE ENTER CORRECT D..TA DISK IN DRIVE A"

IS "PLEASE R E V I S E  S E N S I T I V I T Y  AS M O D E L L I N G  M A T R I X  TOO

LARGE"

11$ S T R I N G  TO STC!\c I N P U T  V A L U E S  FOR M G A T E O P ' M )

TE M P O RARILY

JS "USER DEFI.JED S PI L L W A Y  CAPACITY EXCE E D E D "

JJ$ ST R  NG  TO S T O R E  I N P U T  V A L U E S  F O R  M G A T E O P ( M )

TE.-iPORARILY

KS "JOB A B A N D O N E D  ***"

LS " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * "

MS " R E S E R V O I R  L E V E L  EXCE E DS  S T O R A G E / E L E V A T I O N  DATA"

N S  " R E S E R V O I R  L E V E L  EXCEEDS M A X I M U M  A L L O W AB L E  L E V E L "

0$ " S T O R A G E  - I N D I CA T I O N  CURVE E X CEEDED"

PS "DATA SET I N CO N S I S T E N T"

0$ G E N E R A L  Q U E S T I O N  STRING VARIA3LE

0 1 $  O P E R A T I O N  MODE STRING V A R IABLE FOR M A N U A L  GATES

9 2 $  O P E R A T I O N  M O D E  STRING V A R I A B L E  FOR H I G H  P R E SS U - ?

OUTLETS.

R$ " M A X I M U M  DE S IR A B L E  O U T F L O W  RATE E X C E E D E D "

Si "MAXIMUM AL L O W A B L E OUTFLOW RATE INCREASE EX C E E D ED "

T I T L E 1 $  FIRST TITLE ENTERFD BY USER TO D E S CRIBE R E S E R V O I i

& FLOOD STATJS

T J T L E 2 i  S E C O N D  T I T L E  E N T E R E D  B Y  U S E R  T O  D E S C R I B E  F L O O D

EVENT

X$ DATA FILE NAME USED

X X$ D I S K / D I R E C T O R Y  NAME FOR DISPLAY P U RP O S E S

XX1 5 "A U T O M A T I C "

X X 2 S  "M A N U A L "

X X 3 *  "HIGH PRES"

YY1 $ "GATE FLOW"

YY2 $ "GATE FLOJ"

Y Y3$ " O U T L E T "

Z Z 1 $  " ( m 3 / S) "

Z Z2$ " ( n o / S) "

Z Z3$ " ( m5/S)"

Group 1 String variables



Appendix E

Variable Description

A HEIGHT D IF F E R E N C E  B E T W E E N  M A X I M U M  A L L O W A B L E  W A T E R

L E V E L  AND FINAL R E Q UI R E D  WATER L E V E L  IN DAM 

A D J U S T  CHANGE IN O U T F L O W  R ATE DJE TO O P E R A T I O N  OF ONE GATE

A T T E N  P E R C EN T A G E  A T T E N U A T I O N  A C H I E V E D  DUR I N G S I M U L A T I O N

Group 2 Variables

B HEIGHT D I F F E RE N C E  B E T W E E N  M A X I M U M  A L L O W A B L E  W AT E R

L E V E L  AND INITIAL W A T E R  L E V E L  IN DAM 

BA L  F I R S T  E S T I M A T E  OF C O R R E C T I O N  R E Q U I R E D  F O R  M A N U A L

GATES & FUSE PLUG FLOW ON STORAGE I N D I C A T I O N  C U R V E  

B A L A  C O R R E C T I O N  OF FIRST E S T I M A T E  FOR M A N U A L  G A T E S  AND

FUSEPLUG FLOW ON STOtfAGF I N DICATION C U R V E

C

C1

CO U N T

CS T E P

CUL H E I G HT

CUL IN V E R T

CU L UNCOEF

C U L N O

C U LSUBCOEF

C U L W ID T H

NO OF PO IN T S  ON THE STORAGE I N D I C A T I ON  CURVE 

D I S C H A R G E  C O E F F I C I E N T  T H R O U G H  P A R T I A L L Y  O P E N E D  

SPILLWAY GATES 

IN T E R M E D I A T E  COUNTER 

C O M P U T A T I O N A L  TIME STEP (HOURS)

CULVERT H E I G H T  FOR A SET OF IDENTICAL C U L V E RT S  

C U L V E R T  I N V E R T  L E V E L  FOR A S E T  OF I D E N T I C A L  

CULVERTS

U N S U B M E R G E D  C U L V E R T  D I S C H A R G E  C O E F F  F O R  A S E T  OF 

IDENTICAL C U L V E R T S  

NU M BE R  OF CU L V E R T S  

S U B M E R G E D  C U L V E R T  

IDENTICAL C U L V E R T S  

CULVERT W I D T H  FOR A

D I S C H A R G E  C O E F F  F O R  A S E T  OF

SET OF IDENTICAL C U L V E RT S

D

DFF

DI S CHVOL

DISC R E P

G A T E  O P E N I N G  F O R  M A N U A L  A N D  A U T O M A T I C A L L Y  

CONT R O L L E D  GATES ON AN O V E R F L O W  WEIR 

D I S C H A R G E  C O E F F  rOR F R E E  F L O W  T H R O U G H  M A N U A L  OR 

A U T O M A T I C  GATES IF THEY ARE ALL I D ENTICAL 

I N T E R M E D I A T E  V O L U M E  USED TO C A LCULATE TARGET D U R I N G  

O P T I M I Z A T I O N

VARIANCE B E T W E E N  ACTUAL O U T F L O W  AND TAR GE T  O U T F L O W

EX C E S S  C O R R E C T I O N  FACTOR FOR TARGET

E X V O L E X C E S S  V O L U M E  T H A T  M U S T  BE D I S C H A R G E D  B E F O R E  T H E

O U T F L OW  H Y D R U G R A P H  CUTS THROUGH THE D E C L I N I N G  L I M B  

OF THE INFLOW H Y D R O G R A P H  DURING AN O P T I M I S A T I O N  RUN

E-3



Appendix E

Variables

Variable

F

FLOWhLS(

FLOWHESt

I b t C H E C K

FUSECOEF

FUSECREST

F U SELENGTH

FUSESTART

G A T E H F L O W

G A T E H N O

G A T E H ST A R T

G A T E H S I M

G A T E l NO

GATEN.FLOW

G A T E H N O

G A T E M S T A R T

G A T E M S U M

GT

GW

H

H1

H2

I

INCREMENT

INFLOW

I NFLOWRATE

INVCL

1STEP

J

J1

J2

K

(cont'd)

Description

I N T E R M E D I A TE  GATE FLOW VALUE

AL L O W A B L E HIGH P R E SSURE OU TL E T  FLOW E S C A L A T I O N

A L L O W A B L E  MA N U AL  GATE FLOW E S C A L A T I O N

V A R I A B L E  TO E N S U R E  F U S E P L U G  O P E R A T I O N  D O W N  TO

FUSECREST L E V E L  AFTER WASHOUT

FUSE CREST D I S CHARGE COEFFI C I E N T

E L E V A T I O N  OF FUSE PLU G CREST

LENGTH OF FUSE PLUG SPILLWAY

E L E V A T I O N  AT START OF FUSEPLUG WASHOUT

M A X I M U M  D E S I R A B L E  O U T F L O W  R A T E  T H R O U G H  H I G H  

P R E S S S U R E  OUTL E T S

NUMBER OF HIGH P R E SSURE OUTLETS IN S P I LLWAY S Y S T E M  

D E L A Y  T I M E  TO F I R S T  O P E R A T I O N  OF H I G H  P R E S S U R E  

OUTLET

N U M B E R  OF OUTL E T S  OP E RABLE AT ONE TIME

N U M B E R  OF A U T O M A T I C A L L Y  C O N T R O L L E D  G A T E S  IN

S P I LLWAY S Y S T E M

M A X I M U M  D E SIRABLE O U T F L OW  RATE THROUGH M A N U A L  G A T ES  

N U M B E R  OF M A N U A L L Y  C O N T R O L L E D  G A T E S  IN S P I L L W A Y  

SYSTEM

DELAY TIME TO FIRST O P E R A T I O N  OF MANUAL GATES 

NU M B E R  OF MANUAL G AT E S  OPERAB L E  AT ONE TIME 

GATE T R A V E L S  FOR A SET OF IDE N T I C AL  GATES 

GATE W I D T H  FOR A SET OF IDENTICAL GATES

I N T E R M E D I A TE  HEIGHT USED IN CALC U L A T I O NS  

I N T E RM E D I A T E  HEIGHT USE D  IN C A L CU A L T I O N S  

I N T E R ME D I A T E  HEIGHT USED IN C A L CU A L T I O N S

I N T E R M E D I A TE  COUNTER

INCREMENT USED DURING ITERATIONS FOR V O L U M E  B A L A N C E

V O L U M E  OF W A T E R  A V A I L A B L E  T O  A R E A C H  D U R I N G  AN

A N A L Y S I S  TIME STEP

INFLOW H Y D R O G R A P H  PEAK

VOLUME U NDF» INFLOW H Y D R O G R A P H

INPUT TIME STEP (HOURS)

I NT E R M E D IA T E  COUNTER 

I N T E R M E D I A T E  COUNTER 

I N T E R M E D I A TE  COUNTER

IN T E R M E D I A T E  COUNTER
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Apper -fix E

L IN T E R M E D I A T E  COUNTER

L A G T I M E  LAG TIME B E T W E E N  INFLOW & O U T F L O W  H Y D R O G R A P H  P EAKS

L E V S E N S E  A N A L Y S I S  S E N S I T I V I T Y  SET BY THE USER IN THE F O R M  OF

A S I G N I F I C A N T STEP SIZE FOR THE C O N S T R U C T I O N  OF THE 

STOR A G E  - I N D I C A T I O N C U R V E

N I N T E R M E D I A T E  COUN TE R

NU I N T E R M E D I A T E  COUNTER

N O H Y D  NUM B E R  OF INFLOW H Y D R O G R A P H  POINTS

NO S P I L L  N U M B E R  OF M A N U A L  G ATES O V E R  WHICH SPILL O C C U R S  AT A

SPECI F I C  TIME STEP END.

NO S T E L  NU M B E R  OF STOR A G E  E L E V A T I O N  POINTS

N O S T E P  N U M B E R  OF TIME STEPS TO BE A N A L Y S ED

NZ I N T E R M E DI A T E  COUNTER

O PT O P T I O N  SELECTED FROM VARI O U S  M ENUS

OPT1 O P T I O N  SELEC T E D FROM VARI O U S  MENUS

OTL S E LE C T O R  FOR L EVEL OF OU T P U T  R EQ URIED

O U T F L O W  V O L U M E  OF W A T E R  A C C O U N T E D  FO R D U R I N G  A N  A N A L Y S I S

TIME STEP

O U T F L O W R A T E  O U T F L O W  H YD R O G R A P H  PEAK

O U T V O L  V O L U M E  OF W ATER DISCH A R G ED  FRO M R E S E R V O I R  TO END OF

A N A L Y S I S  T I M E  S T E P  U N D E R  C O N S  IDE R /1 » I O N  D U R I N G  

O P T I M I Z A T I O N

P E R M S  TOR V O L U M E  OF P E R M A N E N T  STORAGE A V A I L A B L E  IN THE D A M

P T N O U  N U M B E R  OF D I SCHARGE - E L E V A T I O N  POINTS FOR THE USER

D E F I N ED  SPILLWAY

Q IN T E R M E D I A T E  COUNTER

U1 I N T E R ME D I A T E  COUNTER

Q 3  MA N U A L  GATE U SER O P E R A T I O N  MODE

Q4 HIG H  P R E S SU R E  OUTLET U SER O P E R A T I O N  MODE

R GATE O P E N I N G  / WATER DEPTH RATIO

R E M A I N  F R A C T I O N OF VOLUME DURI N G  TARGET C A L C U L A T I O N

R E S L E V  W A T E R  L E V E L  R E Q U R I  ED  I N  T H E  R E S E R V O I R  A F T E R

S I M U L A T I O N

R E S M A X  M A X I M U M  A L L O W A B L E  W A E R  L E V E L  IN T H E  R E S E R V O I R

D U R I N G  S I M U L A T I O N

RE S S T A  W AT E R  LEVEL IN R E S E R V OI R  AT START OF S I M U L A T I O N

Variables (cont'd)

Variable Description

E~i>



Appendix E

S PILL I NT E R M E D I A T E  F LO WRATE FOR SPILL O V E R  G ATES

S P I L L N O  N U M B E R  OF S P I L L W A Y  C OMPONENTS

STATIME TIME AT START OF ANALYSIS

S TOR I N T E R M E D I A T E  S T O R A G E  V A L U E  TO  C A L C U L A T E  S T O R A G E

IN D I C A T I O N  C U R V E  

S T O R I ND  INDI C A T O R  TO DENOTE USE OF STORAGE -

I N D I C A T I O N  C U R V E  

STOR1 STORAGE IN DAM AT RESSTA

S T O R 2  STORAGE IN DAM AT RESLEV

S T O R 3  STORAGE IN DAM AT RESMAX

T I N T E R M E D I A T E  COUNT E R

T A R C HE C K  I N D I C A T O R  F O R P O S I T I O N  O N  O U T F L O W  C U R V E  D U R I N G

O P T I M I Z A T I O N

TARGET T A R G E T  V A L U E  FO R  G A T E  C O N T R O L L E D  S P I L L W A Y  T O

ACHI E V E

T E M P ST O R  VOLUME OF T E M P O R AR Y  STORAGE A V A I L A B L E  IN DAM

T EST IND I C A T O R TO C H E C K N U M B E R  OF GATE O P E R A T I O N S  D U R I N G

A TIME STEP

TT T I M E  DU RI N G  W H I C H  SPILLWAY GATES M U S T  BE CL O S E D  TO

A C H I E VE  FINAL W A T E R  LEVEL REQUIRED 

T1 TIME AT A N A L Y S I S  POINT

W I N T E R M E D I A T E  COUNTER

WCL WEIR C REST L E V E L  FOR IDENTICAL M A N U A L  OR A U T O M A T I C

GATES

W I E RCOEF DIS C H A R G E COEFF FOR OGEE SPILLWAY

W I E R L E N G T H LE N G T H  OF OGEE CREST

WIERI N V E R T  CREST L EVEL OF OGEE SPILLWAY

XX I N T E R M E D I A T E  COUNTER

ZI I N T E R M E D I A T E  COUN T E R

Variables (cont'd)

Variable Description
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Appendix E

Variable

BAL(M)

BOXFLOW(M)

CULHEIGHT(K)

CULXNVERT(M)

CULSUBCOEF(M)

CULUNCOEF(M)

CULWIDTH(M)

DISCH(l'i)

DISCHU(M)

ELEV(M)

ELEVE(M)

ELEVU (<■])

FUSE(rt) 

FUSEFLOW(M)

GATEHCUEF(M)

GATEHHtlGHT(M) 

G A T E HI N V E R T  (M) 

GATEHWIDTH(M) 

GATELCOE F(M)

GATELE(H) 

GATELM E I G H T CM)

Grou^ 3 Arrays & Matrices

Description

NOSTEP+1

C+1

S T O R A G E  I N D I C A T I O N  V A L U E  AT B E G I N I N G  OF 

T I M E S T E P

F L O W  T H R O U G H  B O X  C U L V E R T S  AT E A C H  P O I N T  

ON THE STORAGE - I N DI C A T I O N  C U R V E

C U L N O  ARRAY OF CULVERT HEIGHTS

C ULNO ARRAY OF CULVERT INVERT L E V E l S

C U L N O  ARRAY OF S U B M E R G E D  D I S C H A R G E  C O E F F I C I E N T S

FOR C U L V E R T S

C U L N O  A R R A Y  OF U N S U B M E R G E D  D I S C H A R G E  C E O F F I -

C IENTS FOR C U L V E R T S  

C U L N O ARRAY OF CULVERT WIDTHS

P T N O U + J 1 T E M P O R A R Y  A R R A Y  OF D I S C H A R G E S  F O R  U S E R

D E F I N E D  S P I L L W A Y  D U R I N G  E X T E N S I O N  OF 

S P I L LW A Y  DATA

P T N O U  A R R A Y  OF D I S C H A R G E S  FO R  U S E R  D E F I N E D

SPILLWAY

NOS TE L  

P N T O U + J 1

P T N O U

A R R A Y  O F  E L E V A T I O N S  TO D E S C R I B E  T H E  

STORAGE - E L E V A T I O N  C U R V E  

T E M P O R A R Y  A R R A Y  OF E L E V A T I O N S  F O R  U S E R  

D E F I N E D  S P I L L W A Y  D U R I N G  E X T E N S I O N  OF 

SPILLWAY DATA

A R R A Y  OF E L E V A T I O N S  FOR U S E R  D E F I N E D  

SPILLWAY

NOSTEP+1 F L O W  T H R O U G H  F U S E P L U G  S P I L L W A Y  AT TH E

B E G I N N I N G  OF EACH A N A LY S I S  I N T E R V A L  

C+1 F L O W  T H R O U G H  F U S E P L U G  S P I L L W A Y  AT E A C H

POINT ON THE STORAGE IN D I C A T I O N  C U R V E

G A T E H N O

G A T E H N O

GATEHNO

G A T E H N O

G A T E L N O

G A T E L N O

G A T E L N O

A R R A Y  O F  D I S C H A R G E  C O E F F I C I E N T S  FOR 

ORIFICE FLOW THRO U G H  HIGH P R E S S U R E  B O T T O M  

O U T L E T  WORKS

ARRAY OF HEIGHTS OF B O T T O M  O U T L E T S  

ARRAY OF INVERT LEVELS FOR B O T T O M  OUTL ET S  

A RRAY OF WIDTHS OF B O T T O M  O U T LE T S  

A RRAY OF DISCHARGE C O E F F I C I E N T S  FOR FREE 

FLOW T H R O U G H  FULLY O P E N E D  A U T O M A T I C A L L Y  

C O N T R O L L E D  GATES

ARRAY OF WATER E L E V A T I O N S  R E Q U I R E D  IN THE 

R E S E R V O I R  FOR FULL A U T O M A T I C  GATE OPEN I N G  

ARRAY OF GATE TRAV E L S  FOR A U T O M A T I C  GATES
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A r r a y s  & M a t r i c e s  (cont'd)

V a r i a b l e D i s e n s i o n Description

GA TE LI NVE RT (M ) 

GATELS(M)

G AT EL WI DT H(H ) 

G A T EM CO EF  <M)

G A T EM HE IG HT (H)  

G A T E M I N V E R T  CM)

;a t e m s i z e (m )

GATEMW ID TH (M )

GATES PIL L( M)

G A T E L N O

G A T E L N O

G A T E L N O

GATEflNO

G A T E M NO

G A T E M N O

G A T E M N O

G A T E M N O

G A T E M N O

A R R A Y  OF I N V E R T  L E V E L S  F O R  A U T O M A T I C  

GATES

ARRAY OF WATER E L E V A T I O N S  R E Q U I R E D  IN THE 

R E S E R V O I R  FOR S T A R T  OF A U T O M A T I C  G A T E

O P E N I N G

A RRAY OF GATE WIDTHS FOR A U T O M A T I C  G ATES 

ARRAY OF D I SCHARGE C O E F F I C I E N T S  FOR FREE 

F L O W  T H R O U G H  F U L L Y  O P E N E D  M A N U A L L Y  

C O N T R O L L E D  GATES

ARRAY OF GATE TRAVELS FOR M A N U A L  G ATES 

ARRAY OF INVERT LEVELS FOR M A N U A L  G ATES 

A RRAY OF P H Y S I C A L  GATE HEIGHTS 

A RRAY OF GATE WIDTHS FOR MA N U A L G A T E S  

D I S C H A R G E  C O E F F I C I E N T  FOR S P I L L  O V E R  

GATES

HEIGHT <M) 

HGATE(M)

HG ATEOP(M)

HGATfcOP(l),K)

HT(ri)

C+1

NOSTIIP+1

NOSTEP+1

N O S TEP+1,

G A T E H N O

NOSTEP+1

A R R A Y  OF E L E V A T I O N S  FOR E A C H  S T O R A G E  

I N D I C A T I O N  POINT

FLOW T H R O U GH  HIGH PRESSURE B O T T O M  O U T L E T S 

A T  T H E  B E G I N N I N G  OF E A C H  A N A L Y S I S  

I NTERVAL

A R R A Y  OF N U M B E R  OF H I G H  P R E S S U R E  O U L E T S  

O P E N E D  BY THE U S E R  AT E A C H  A N A L Y S I S  

INTERVAL

A R R A Y  OF P E R C E N T A G E  O P E N I N G  FO R  E A C H  

I N D I V I D U A L  HIGH PRESSURE O U T L E T  O P E N E D  BY 

THE USER AT EACH ANALYSIS I N T E R V A L  

W ATER L E V E L  IN R E S E R V O I R  AT THE B E G I N N I N G  

OF EACH A N A L Y S I S  INTERVAL

INFL(M)

INFLOWCM)

NOSTEP+1

NOHYD+2

INFLOW INTO R E S E R V O I R  AT THE B E G I N N I N G  OF

EACH A N AL Y S I S  IN T ERVAL

ARRAY OF INFLOW HYDR O G R A PH  P O I N T S

LGATE(M)

LGATEFLOW(il)

L G A T E OP ( M , K )

NOSTEP+1

C+1

N O S T E P + 1 , 

G A T E L NO

F L O W T H R O U G H  A U T O D A T I C  GATES AT B E G I N N I N G  

OF EACH A NA L Y S I S  I N T ERVAL 

F L O W  T H R O U G H  A U T O M A T I C  G A T E S  AT E A C H  

P OINT ON THE STORAGE I N D I C A TI O N  C U R V E  

A R R A Y  O F  P E R C E N T A G E  O P E N I N G  OF E A C H  

I N D I V I D U A L  A U T O M A T I C  G A T E  A T  E A C H  

A N A L Y S E S  I N T E R V AL
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A r r a y s  8 M a t r i c e s  (cont'd) 

V a r i a b l e  D i m e n s i o n Description

M GATE(M)

MGATEOP(M)

M GATEOP(M,K)

NOSTEP+1

NOSTEP+1

N O S T E P + 1 , 

G A T E M N O

F L O W  T H R O U G H  M A N U A L  G A T E S  A T  T H E  

B E G I N N I N G  OF EACH A N A L Y S IS  I N T E R V A L  

ARRAY OF N U M B E R  OF M A N U A L  G A T E S  OP E N E D  BY 

THE USER AT EACH A N A LY S I S  I N T E R V A L  

A R R A Y  OF P E R C E N T A G E  O P E N I N G  O F  E A C H  

I N D I V I D U A L  M A N U A L  GATE OP EN E D  BY THE USER 

AT EACH ANALYSIS I N T E R V A L

O GEEFLOW(H)

OPT(M)

OUTFL(M)

PUTFLOW(M)

C+1

NZ

NOSTEP+1

C+1

F L O W  O V E R  O G E E  W E I R  AT E A C H  P O I N T  ON  T H E  

STORAGE - I N D I C A T I O N CURVE 

ARRAY OF DATA BL O C K S  TO BE R E V I S E D  

O U T F L O W  F R O M  R E S E R V O I R  AT THE B E G I N N I N G  

OF EACH A N A L Y S I S  I N T E R V A L  

O U T F L O W  F R O M  R E S E R V O I R  AT E A C H  P O I N T  O N  

THE STOR A G E  I N D I C A T I O N  C U R V E ,  E X C L U D I N G  

F L O W  T H R O U G H  M A N U A L  SPILLWAY C O M P O N E N T S  

AND FUSEPLUG

S(M)

s p :l l (m )

SPILLWAY(hi) 

STO(M) 

STOR(M) 

STOPIND(M)

NOSTEP+1

S P I L L N O

NOSTEP+1

NO S T E L

C+1

INPUT INDICATOR

S P I L L  O V E R  M A N U A L  G A T E S  AT B E G I N N I N G  OF 

EACH A N A L Y S I S  INTERVAL

ARRAY OF SPILLWAY C O M P O N E N T S  IN R E S E R V O I R  

TO BE A N A LYSED

S T O R A G E  V O L U M E  I N  R E S E R V O I R  AT T H E  

B E G I N N I N G  OF EACH A N ALYSIS I N T E R V A L  

A RRAY OF STORAGES TO DESCRIBE THE STORAGE 

E L E V A T I O N  CU R V E

S TORA G E  INDI C AT I O N  VALUE AT E ACH POINT ON 

THE STORAGE INDI C A T I ON  C U R V E

T CM) 

TE(n) 

TIME(M)

4

4

NOSTEF+1

INPUT INDICATOR 

INPUT INDICATOR

TIME AT START OF EACH A N A L Y S I S  I N T E R V A L

U(M)

USERFLOW(M)

4

C+1

INPUT INDICATOR

FLOW THROUGH US E R - S P I L L W A Y  AT EACH P OINT 

ON THE STORAGE I N DICATION C U R V E
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Demonstration runs
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D e m o n s t r a t i o n  runs

T h i s  a p p e n d i x  c o n t a i n s  a n u m b e r  of p r i n t o u t s  f r o m  v a r i o u s  r e s e r v o i r  

s i m u l a t i o n  mode l s ,  p r e s e n t i n g  the r e s u l t s  of v a r i o u s  r e s e r v o i r  s i m u l a t i o n s  

d u r i n g  f l o o d s .  For a d i s c u s s i o n  of the c a s e  s t u d i e s  as w e l l  as a 

c o m p a r i s o n  of the results see Chap t e r  .5 in the m a i n  report.
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E m m a r e n t i a  D a m  C a s e  S t u d y  

A n a l y s i s  b y  J o h a n n e s b u r g  C i t y  

C ounc i l  u sing p r o g r a m  by G reen
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Appendix

Emma r en t i a  Dam Case  St udy  

Analysis sing RESIMO



EMMARENTIA DAM. NO BOATHOUSE. 60m AUXILARY SPILLWAY OVER ROAD.
STORM WITH 400 YEAR R.I. AND 70 MIN. DURATION

ELEVATION STORAGE

9 1 .5 0
92 46127
92. 5 9608 7
93 150039
93. 5 208362
94 272429
9 4 .5 341789
95 415844

BOX CULVERTS

NO WIDTH HEIGHT INVERT UNCOEF SUBCOEF

1 3 .35 1.47 91 .5 .9 . 7
2 3. 35 1 . 47 91 .5 . 9 . 7
3 3. 35 1.47 91 .5 .9 .7
4 3. 35 1.47 91 .5 . 9 . 7
5 3.3r 1.47 91. 5 .9 . 7
6 3. 35 1.47 91 .5 .9 . 7

FREE OVERFLOW W IER

WE I RL.ENGTH WE IR IN V ERT  WEIRCOEF

60 93.1 1.95
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EMMARENTIA DAM. NO BOATHOUSE. 60m AUXIL.ARY SF^ILLWAY OVER ROAD.
STORM WITH 400 YEAR R.I. AND 70 MIN. DURATION

TIME INFLOW WATER OUTFLOW STORAGE
RATE LEV EL  RATE VOLUME

(h o u rs ) (m S 's )  <m) (m3/s) (m3)

0 . 00 0 . 00 91.500 0 . 00 0 . OOOE+OO
0 . 08 17.72 91.527 0 . 14 0 . 293E+04
0 . 1 * 45. 81 91.624 1. 35 0 .1 15E+05
0. 24 87. 76 91.822 5. 63 0 . 297E+05
O. 32 151.25 92.149 16.11 0 .4 IOC+05
0. 40 216.82 92.597 35.44 0 . i07E+06
0. 4S 254.30 93.089 61. 77 0 . 160E+06
0 . 56 284.64 93.486 155.69 0 . 207E+06
0. 64 305.30 93.754 196. 
0 .7 2 319.66 93.973 234.53
0 . 80 329.73 94.131 264.71 0 . 291E+06
0.88 336.91 94.248 288.46 0 . 307E+06
0. 96 342.93 94.336 306.83 0 .3 1 9E+06
1 . 04 345.73 94.400 49 0 . 328E+06
1 . 12 348.40 94.445 330.31 0 . 334E+04
1 . 293 .70 94.429 326.87
1 . 28 228.48 94.317 302.88
1 . 36 173.22 94. 14 3
1 .44 129.26 93.938 228.17 0 . 264E+06
1.52 100.60 93.725 191.44 0 . 237E+06
1.60 81 . 85 93.532 162.15 0 . 212E+06
1.68 69. 14 93.351 138.56 0 .1 9 If f+04
1 . 76 60.45 93.244 77. 14 0 . 179E+06
i . 84 54. 38 93.202 72.08 0 .1 / 4E+06
1 .92 50. OS 93.159 67. 45 0 .1 69E+06
2.00 46.93 93.116 0 . 164E+06
2 .0 8 44. 69 93.076 61. 00 0 . 159E+06
2 . 16 43.94 93.037 58. 78 0 . 154E+06
2. 24 4 1 84 93.001 56. 69 0 .1 50E+06
2 .3 2 40.99 92.963 54 .56 0 . 146E+06
2. 40 40. 38 92.928 52. 64 0 .1 42E+06
? .  48 39.94 92 .89/ 50. 94 0 .1 39E+06
2 .5 6 39. 62 92.869 49. 4 S 0 . 136E+06
2 .6 4 39. 36 92.845 43.09 0 . 133E+06
2 .7 2 37.96 92.821 46. f34 0 . 131E+06
2 . 80 33. 18 92.793 45. 35 0 . 128E+06
2.88 25.60 92.753 43. 27 0 . 123E+06
1 .9 6 18. 30 92.700 40.54 0 . 1 18E+06
3 .0 4 12.89 92.638 37.42 0 .1 1 1E+06
3. 12 9. 19 92.571 34. 21 0 . 104E+06
3. 20 6 . 68 92.505 31. 10 0 . 967E+05
3 .2 8 4.97 92.438 28 .00 898E+05
3. 36 3. 77 92.374 25. 18 0 . 834E+05
3. 44 2.92 92.314 22.66 0 . 775E+05
3 .5 2 2. 30 92.260 20. 42 0.721£+05
3 .6 0 1.84 92.210 18. 44 0 .67  I E +05
3. 68 1. 49 92.164 16. 68 0 . 625E+05



EMi'IARENT IA DAM. NO BOATHOUSE. 60m AUXILARY SPILLWAY OVER ROAD.
STORM WITH 400 YEAR R.I. AND 70 MIN. DURATION

TIME INFLOW WATER OUTFLOW STORAGE
RATE LEV EL RATE VOLUME

(h o u rs ) (m3/s) <m> <m3/s> (m3)

3 76 1 .22 92.122 15. 13 0 . 583E+05
3. 04 1 .0 2 92 .003 13. 75 0 . 545E+05
3. 92 0.00 92.047 12. 48 0 .508E+05
4. 00 0.00 92 .013 1 1.33 0 . 474E+05

PEAK INFLOW RATE= 348.40m3/» 
PEAK OUTFLOW RATE* 330.31m3/s 
LAG TIME= O.OOhours 
PERCENTAGE ATTENUAT ION= 5.19V.



Appendix

Jumbles r e s e r v o i r  Case Study 
Analysis by Qinnie & Partners, 
London using in house program



ELEV./BREft CURVE
Qnn u

J /I ~ tl »"< M M »« fti. 4 i U w  • v u v r-'

i n •* •*«: ,

V i  V fl M M M M M MC,0 j O v v i  P u u v

k. I  V  •* w

2 6 3 0 »'* o . 0066

5.0000 
3 d i 066 .06uO

4.0666 
3i90w6.0uu6

5.0666 
337066.0ew6

«#4*ft***#*»*
O U T F L O W  R h T I N C . .

8 . 0 y y Lt
0 . 0 0 0 0

6.0666 
j . 0006

J M 1.4 4. <-» V6.  l i
7 . 0 6 0 6

6 . 2 4 6 6  
«4.0030

6.3766
159.0000

6.4366
181.0000

6 . 4 9 0 6
164.0000

i.1900
2 0 1 . 0 0 0 0

1 .5666
219.0000

1 . 7 0 0 0
2 JJ

Sub jectr r r\ !** . . Î.*3 .Vifife'
f*flF ov\ *'-5 tr tio r^  <*
lL . l Sirfjtnri

. .................................................. . M l............ ... W l

</i i / / u > m ^ «  a t  < o c k  cl mm '

Computed ... . O M
2 . 2  

2 6 2 .

i ii n ■? «.* «.•

2 • 7 y 6 0
279.0000

0 O -* M M v .
2 9 b .0 00 0

T  .

330.0000

4 .9 8 0 0
364.0000

i . 8 5 6 6
Z . % . 0 0 0 0

dr 1 *- Dm m u 
« J • U v U

Ho 8.0582

Qo i C| 1 MM 1 * 7 A v v
Q i r.

* '3 14 M 1*4 L 1 V V V V
# £ ̂

•tee uin Clout,
1A ?. 1 ? Hd b » v 1
V4. 4.3 2  3 2"  • V u
V . i 6,3 2,81
A*f 8.7 3.77
C._• 1 2 . 2 5.21

K 15,7 7,46

7i 1 9 5A • w 18.35

Ow o v g4. J • sJ 21.62

M 0 7 14. 1 • 1 v S A£4. W • ^
16 31.5

v Q ?0 _ 7 1 J
y jk A 36.0 34.65
1 2 40. 6 38.6 i
13 45.9 43.56
i4 51. 4 49.61

15 57.7 5 4 . ,J 4
16 64.9 61. F5
17 7 0 Q1 4. t ✓ 69.40
i c H *1 /I04. H I 8 . £ 0
19 93. 6 88.45
26 108.0 161.06

2i 125. 7 i i 7.09
V V 4. 4. 152.1 1 39.21
v O i- j 188.3 168.64
24 2^5.4 154.32

y  £ 25 .4 1 C Q  m 1 
. . .  1

-■ w
4. *J 8 i . 3 1 y  k  ~ 

4 . J  • J  •

4 1' 2 9 8 .4 -• f - 5
"1 •*!im 298.7 222.61
v  mL. . 293.0 23 0 .t 4
V 1*4 283.5 248.44
31 270.6 251 . 96
J  ’•

4. 255.9 4. J  J  9 J  J
j 240.5 4  J l >  1 1 4.

V  .1 *.» "7 225.0 > - g >7
4  . ' W i  4 1

m J 209,9 2^6,24
b 197.3 2 36.66

*• 7j  1 189. 4 226.85
X X 183,3 218:62
T* • j •-» 175.2 > 1 p iV3

U  i ■ 1 O lk<
A 1*4 *T V 174.2 y di .  V  J  .  1 T

d  i 1 1 170.7 200.50
.•i "» 
T  4. 167.8 1 98.05
T J 165. 1 i v 5i w . .»v
44 162.6 !93:04
d ̂  ■t -j 160.1 i on hi1 . V 1 v 4
46 J 57. 2 187.94
* 1 154. 1 i 65 . 33
d 150,6 181,31
A • j *r 1 A L 7 1 156.19
50 142.2 i 4 4 .  3 i
k i
•j  i 138.1 14 0.10
52 1 34. 2 136.10

F-1 1

Peak inf low-(h)
7. 00

Peck outflow-lh)
8 . 00

Total i n f 1o w 
Mi 1 1 ion Cu.unit s 

6.4652 
T o t a l  o u t  f 1o w 
Million Cu.units 

6.3377

Max i n f 1ow
298.7000

flax 1 €" e 1 2.0290 
«

Max Outflow 
CIm 253.0307
in*t 253.3452



Appendix F

Jumbles r e s e r v o i r  Case Study 
Analysis using RESIrlO
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JUMBLES RESERVOIR. DEMONSTRATION RUN.
WINTER PMF THROUGH 24 No SIPHONS

ELEVATION STORAGE

0 0
1 256000
2 330000
3 8220O0
4 1132000
5 1460000

USER DEFINED  SPILLW AY

ELEVATICN DISCHARGE

0 0
.06 3
. 12 7
. 2 4 84
. 3 7 159
. 4 3 181
.49 184
1. 19 201
1 . 3 219
1 . 7 233
i . as 246
2 . 2 4 262
2.  78 279
3 .22 296
4. 1 330
4. 98 364
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