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* ~~ • ~"" ~ L ,1\1 \,'" 

u'i,;iv) Texas Instruments LL\JU SR-56 

;\.J ';UlJ~~1...~ l\.J~;v'm"'! "'jMtJ inflow flood. hydrograph ~~~:; storage-elevation 

curve uvn"'1n~u\JYl""lJii~ 1;: L ilUV 1 ~' LLn ' lJ"l~ -r\J>lT;ilJn, ''1J'il~ storage-elevation 

curve lI/tJ 

1 \J""h 

Reservoir \I~ -il Storage Routing l-':"iln" \I'lw., ,lJ !urlfJ"Ullil~'!H)'l flood 

hydrog raph y(W'''8'~ 1i\\Jii'l UYl"T1lJ<i L ""1l1 U'\lf"lJ"'l~~\J""1 Reservoir Routing ~ 

""lJ"n ~;1 ;',,\J L" ~il" ,, 'l\J,ruu \J\J 1 'hun 'lJ 1 ';-'1Jll~\J ~,;w, Texas Instruments LL\J\J SR- 56 

1 thlln ' lJ<i" 'lJ"~"11 \J\ ~,\" n '1'~ ·" \.J,~.r~"''1J'''l1'Jll ~Vl, 'lii'l ';-" (spi 11 way) 1';-

n" ~ U, ~ 'l \JU11", 'llJn illn' 1 ~iYh ~,,', 1 thu n '111 u'\ ;~'1\JllI'IT1lJ I;, 'l" I~ u,"'\J>I ~fln,' 

'?Ill " Reservoir Routing 

2 RESERVOIR ROUTI NG 

I - Q dV 
dt 

(1) 

"U inflow \If<~ outflow hydr ographs, V ~"'."'lJ'''''1Jll~ 

t 

""~ out f lo .. - hy1rographs 

• 

** <Xj 1 WlJ t'..J'1'J i ~\J~! ~'ipl ; Vn~"lj5i "tj~' UU"llR/l lJ 



· 'il"" ",J',m, fj'""n"hil'1l<) ",J; <) 8m ,n.a,'l Q ~U"~~\J'=~W''1 '\U\J~ \-,nn:rU 0, h 

Ii "..:", :';;-W''1 ~~'!,n.ru'1J!l 'll'l, 'l,J'1 ';-u <) ,,! ,-lJ U\J t ;-i, 

Q ; f (h) ( 2) 

1..u;! ·f (h) ;;8~'l;~;!~'1J"'l h 

. '1" "'U';, ' l\ IhJ,j", n ;,'11\, <I~""'" ,lJil'lJ"'~ ''1J<J 'l V ~\J h ;! \ '1un-i, stor aqe-

elevation curve 

V ; F (h) (3) 

huVI F (h) ".: (3) 

I - f(h) ; dF(h) /dt ( 4) 

u, I ,Duyhn''lIuv!-j'1J<J '' t <llJn" (4) ~ '" Ou first order ordinary differential 

equation ~<I'lJ,,~\\;;tI~"", h(t)'\;' "lJn" (4) 8," \ Du linear 11~" non-linear 

jn;l/iu"~~\J~m:ffil='1Jv'l f (h) 'I": F (h ) o"Du linear ii",,,\,;;hu~ analytic 

'\; ,.au 'L.u Laplace Transf onn w"';,, \ Du non-linear ii"'''';'''lllnlow'i.! nUlller ical 

h~.., t tEln,: \ Du non-1 inear "-J,u n 'lJv! \ <ru<J Lu\min,lJ11' \ Dun,'UnOllJn-" l~u~ 

numerical 

3 "u,\\n'lJ RESERVOI R ROU'rING 

~;!'\ .;j\\ n<llJn, , '\ u " tJ' \\fI ~l "s.. 'If ,~ u-,!f\JYiu """1) ~"tu (1) 11''';1) 9, 2 ~h 1) u,~ 

9.1 n~,-'~" .'1""'\J'Ii-,,olI-'.' 6t m.m" (1) \'ijuu'\;\Du 2 il1Jf1,'~ll 

N 

N 
1 

+ 

; V + Q. 
6t 2 

LUOIlJn-" (5) II.: (6). bt 11 8 routing period u.: subscripts 1 

( 5) 

( 6) 

u.: 2 

u"~~~,~uuua~~~~~I~~/a, ~t ~§nn J'~U~ Reservoir Routing n~~~v' vl~un"un" 

(5) u.: (6) \~"'" Q
2 

ni,-,lI llluti-,'l\-'.' 6t 'l\tl~ 1 ~lJ'1(ll;'\J'U-"!l~ll'lillJn'" (5) 

\Du,.:,;!~ "\I,'lu~\li":'l N2 "'n,'lu~ "l'I'lR" Q2 "n<llJn'l' (6) l"uVlj .. -'"lJ"-lJN''1Jll\l V 

f(u Q "nn"n'1~" h iU<llJf1" (2) u.: (3) 



25. 

( 7) 

1M~ C UilJ . d ,Du.;,~";l"'1"'''''v''''l';'1;,dj\mrl,,, ':,.fi,,-a8'l~8~nV'Zl1J'~Wil~:;n'tllll~'ZI'H 
'II,'~j~ ;1J= (","1nv'i";"l' ,;, c ,Du';, iin;\ n ~,,1il8~1J8~nV'l'lU-W'Zl8'l Q U.~ h ~.q,;',u)"lu 
n"'88nuw8T"'';;':"~''1J~'11.)"l1J,"''"'';! 1 '\,;-

.'1",""u storage-elevation curve, F(h) 8,~,~u1Jl;~"Du 

1M;! a ".~ b 
, ('!l~ J1\,~! i';,f • 

'1J8'l~lJn1' (8) 
"'" ... 

"0/91 \)8 ~'11J'11'~';;8y( 

( 8) 

,Du';'~ \)~O/~ "'''''VB'\)'~uUiD1J'I'Irl'l , ';,.fi'l0/8"","1;~,nn",L~n;"~"l1JWa;lJ 

' ''~1J storage-elevation curve 1\.h"n"lJ"'1",""v'I'I'~' a".: b 

4 Lu11',;8Y( 3 d~:~8~,';1 au.: b ,Du~,~~ 

• .'"i.. _ I." 1" I ~.... ~. 
~,a,b,c,d ".: lit 'W~'Ylft8, .." n81.1 ,'IHthun.,lJ 'U8\)~1n,"8"n"tI"j::l'l/)''' 

m~_IT, registers '!; " "l, lJ a,b,c,d u.: lit ,.v,,;', vo1J,Du 2 ~lJ'!U~" bid ... : 

aillt (c) bid ";'1 ~"V~'~ 'N\U memory registers 3 u.: 2 l'I'IJ.illu 'I'IU,tJ'ZI8\) lit 

~.~~il"'·t~~~~lJmi'tJ'1J"\) I u. : Q '~ ~'tJ'ZI8" C ';-,,\), Dulti'11,IJ'I'Iu'''tJ'ZI'3\) Q u.: h 

, . 'r ,\ _ . ~ ' . inflow hydrograph, I (t) 'il ~'\1J.J,,, 0 ( t < ~ ~1 Q(t=O) ~ : 
\.1 '1 J t · ,,, , 

L ''I'I1n.lJ_~' I (t=O) .. , Q(t=O) d~:;'J'lv"'''I'' '''\U merrory register 8~' N(t=O) 

= [
bid J a/ll t (c) + (9) 

( j .1"" .• ). c· "t 

,-- -~~ ~-.~-.--; I ( 1~~j)'~0:" u.: QO ~8 N(t=Ol 

'--- 'il'l~1J -- memory register 5 

• ".: Q(t=O) "'IJ. i llv jOn N(t=O) 

i",\.q'\1Jn"'~tJv'~tJV~'1'IJ9n;8" 
• • e 1'I'1,aq':'I'I'1," 0.1 n" 0.001 

1 t1,,,n'lJ Reservoir Routing ~,n"';1 a,b,c,d, lit Uil=-"'11IJ:IJ~Ul''\1J,tI 

"" "\l'ZI8\) I !lu t ,Dur,',y( 1 ~ -,n';" 1I.l..,d' 1 tI , un-;lJ ." : -a,lJ-"{l'l'l1':,'1J8" Q !Iv t, 1 V 

.:d'iV"'ZI8,,1ti"lun ' lJu . : n1"1'; U'i1fl ~ 8 ~'1"","," ~~ 2 ~ "'\ ~Iu!VV'~U'1l\v'1J (2) i1JR8~IJ,j' 
'('f J ~ ~1 "" 1 '.1 l ' di sp lay 'liD"," 1,..,,,,,., 2 (C )V',""VI.n1 ~n lJ ( "u.~ ~ ., , 1.1 '1l ", -m lJjj~ ,)11J 0/~,rr'V 

3.4 -K?PP\l~ 
~ 1IJ1''I'ItJ~1J~,8U1~~ 9 . 1 

a = 500 acres 

b = 1 

'V8" (1) ,1nO/IJn1' 

21,&00,000 ft
2 

(8) 



.,,,{iu 

.,,,{iu 

~'"[lJ" 

Q 

Q 

c. 

d 

bid 

2 h 
3 

= 

= 

= 

= 

[25 !g(%t 5
] 

hi. 5 

77.189 1.5 
ft /sec 

1.5 

0.66 n,« ::: a/~t(c)b/d 

26. 

[ 25 Ig ] 

= 77 .189h
LS 

ch
d 

= 110032 hu'\; ~t = 3 

Ji ' oJ ...... 
~ ,n'l >1U I ',~,lJ, ,~ I 'llJn, ,~ '1U'1(u "[ ~ u'l:f n" '\ u,n, ,"1'1 2 lIor,,<j,ml 1 ."h,"i "[ tJ'll n'lJ 

."'\UI~~8"R~u')ru(Item 1) ~.:~"~~'~~~I~."'\U memory(Item 2) ~;,('\; e=O.l) 

\ Mfl .. ,.'h!.,"';D hiil' 
.1"110'1) 

n .. "hJ • oJ ~. 
r1!'YIU~fl'lWl'?l tJ\l~l'U'(U .nlJ\tH ~~ • (,.,,1) 

RST R/S INV EE 1000 · . .. , I(t=O) 

1200 . R/S 1012.756 • .. , Q(t=36t) 

R/S 1200 • I (t=3~t) .. , 
1600 R/S 1062.627 • Q (t=6~t) .. , 

R/S • I (t=66t) 1600 .. , 
2100 R/S 1166.297 • 

"'1 Q(t=9~t) 

II.: Q(t) 

4.1 7l"vti.j (3) 

ltJ,un"J Curve Fitting nl-1' I~D'\~n;,yt\u~n~: 

V = ahb 
( 10) 

(11) 



• 
~, 

b ' = 

a = 

l nV binh + lna 

Z(lnh.) (lnV.) - (;: lnh.) ( E InV.) 
1 1 1 1. 

n 

(E Inh.) 
1 

n 

27. 

( 12) 

( 13) 

(14) 

correlation coefficient ,:~,l;.'n~~' 

2 
r = 

E(lnh.) (lnV.)- 1 1 
[ 

( : 1 nh. ) ( 1: In V . ) 

1 1 n 

E( lnV . )2 
1 

( 15) 

1 ,. . 0 ,'. '.I> > > • > 1 0,un'u"",,~, (h. ,V.l, i = 1,2, ••. n IUU~'~lU.:~"~Vvu,~~~ u,Un1U 
1 '2 

~,9I"l 0'lln ")''1 :~"'-',t1J\':; 11" a, b u" ~ r " v. ~ I ti U~'J"" 1 0,u n 'UII • ~m' '';;u'il1I''''li't\l 
91,',"Yl 3 ~UA"il'lJ'-" display '1)"""",.,,<'1 3 (cl u,"thn!f .. .nlJ'l;II'iI~ "l-ild"".'nhj~ 
~" lJ'iI"A'llJ 

• 4.3' ~,"v,,, 

h 0 10 12 15 17 20 22 - 25 27 30 . 32 35 

V 0 0.95 1.05 1.25 1.41 1. 73 2. 00 2.53 2.98 3.85 4.59 6.0 2 

v 



28. 

n,'~ '1,,-,ru ( ~lJ~" "\ ~ u'"£i. "W)' , '1.;( 2 "~'1'1 ,11vt\ ;;'-1"'1 "\ \.I, u n ''''''>l i." (.,~ <J'>l 

.,'1,,-,ru (Item 1) l~un"l1.,,,hJ"'>l.,·<Jh.6 

. 
~h ( 0l'1J n9lW ";,Y( U "fl'>lW L ~ ~<J'>lR '1,,-,eu "'lJltJ~YI'iJ 

-
RST RIS 

.00001 RIS 

. 00001 RlS 

10 RIS 

.95 Ris 

12 RIS 

1. 05 RIS 

• 
- -

35 RlS 

6 . 02 RIS 

GTO 30 RIS 1.008 b 
-

RIS 0.102 a 

RIS 0 . 996 2 
r 



1 U"'iHfI'1J~~,.,-rVYl1 Reservoir )1~tl Storage Routing 
."" .J • • Reservoir Routing ,\,,1\J·"'n~lJ\vu1tl;1"lJVI\"."'l1,'\,,1t''lJ11 9.2 'lJ11'l 

storage-elevation curve \~u"t;\W V = ahb 1~U~A" a 

""~'i'1 I W;I,,,,,d'l'1J11'l1 tJ~ILn'lJ 

29, 

1 ; ~ fl"" \ a" 11 'l<1' 

(1) 1.,ull11~' 

ILiI: b 

'111 n'l ,0,5,,1 tJ1110'lJil'o".yIJ,\.i"lJn" V = ah
b 

il'l'\" storage-elevation 

curve 
,. ... .J I ~ 

",nu'II;;"1101,U .V'ILfl1lJuil'i"1j'l)-\lJ'UVI'i::>llAl a ILll! b 11'I!l,,'1hJ'\.a'\u1tJ1-

"n,u Reservoir Routing 

1 tJ'ILO '~'l"<l 'l1 ~ ~,"n,'., , ,'Iil11IJ h ~"U" "\ tJ'l ;i''(IJ''-'ltl ri, " ,\" (l) "": (3) ~\l 

1. HENDERSON, P.M. - Open Channel Flvw, Macmillan, New York, 1966. 

2. Texas Instruments , Pr ogramm,ilile Slide-Rule Calculator, SR-56 

Application Library . 

3. Hewlett-Packard, HP-25 Application Programs, 1975. 

) 
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TABLE 1 Approximiate Values of c and d for Various Types 

i· 
I 
I 
I 
I 
I 

of Control Structures 

Type of control 
structure 

Orifice or 
Undernow gat. 

Rectangular we i!" 

Broad ores t e d ye ir 

.a;>nr!a.ll spillny : 

v - Notched 'feU 

c 

Cd. A J2g 
t 

A ~ area of 'opening 
0 

Cd 
~ 0.65 = 

2 
"3 Cd b '/2g 

~ 

t ,o -j ,.. ~ 

0.62 ~d = 

b : crest l engt h 

Q 
2 

d r 

0.5 

I 
I 
I 1.5 
I 
! 

1.5 

• 



Tatie 2 (a )· ?r09ram Lish'9 31. 

Reservo" "louting 

DISP.AY I ClS°i-AY i II O!SPL.Al' i ! DiSPLAY I I ,",' SF·.",1' . 
r--r-----1! KEY I KEY I . '<EY i I KEY . '<€, Y 
: Step I Code i Step I Code ,S;"~ , Code Step ICode i S'e: ::C~, 

I I I I ~_--,-' _-'I_~: ___ ~_--,-__ _ 

00 34 R~O 34 ,'lCl i 40 64 X ; 60 3:l_'1~.1. ,-_g2--.~4 ..L 

01 08 8._,_2~_08_8 1 41 34 ReL il 61 OS S 3-.:.i __ S:c<=-__ 
I 02 84 + 22 84 + I 42 08 8 62 47· X~t , 6:2 05 5 

~_OI __ I _ .. 23_~.4 _R~1,_~43_15--1~_§3_Q:L2. __ 8.3 '2.4 : ' 
' 04 44 _ E1_e-.?4_0,ei. 5 0 4 34 RCl , 64 02 2 84 54 ~ 

05 06 6 .?L2~.~_U.S 03 :3 I 65 34 RCL 85 34 RCl ! 
06 ~3----2.L . ~5_3L9T.Q.. ~ ,!§_84 + 1 66 03 3 86 04 4 i 

07 94 :'c::-rP 05 5 47 ~4 RCl 67 '64 X 87 94 : i 
08 33_.STO 28. 46 'N OP 48 08 8 68 34 RCL 88 20 I/X ; 

I 09 Q~_. 8 _ f-2.9 _ 57 ~~J1"_ .49 54 69 02 2 89 74 - : 
10 }.i. RCL 3.9_ 93:3 50 02 2 70 64 X , 90 34 RCL I 

I II 01 I ~1_._0.~._8._ .... _ ?1 94: 71 34 RCl 91 08 8 i 
! 12 8'L..,j-__ l2_3_~ __ BYI,. __ ~? _ _ 7,! - 72 08 8 I 92 94 : i 
: 13 41 R/S .3_:3_Q~_8 .. _ . .53 ___ 34 RCl 73 4 5 v~ i 93 93 +/- I 

-.l4_33 _ STQ ,-~~_~_I _IY_~+?~ 05 5 74 52 ( 94 33 STO 
15 01 I 35 2_~~IO _?5 _ _ ~ 4: 75 34 RCl l 95 08 8 
16 94: 36 01 I 56 33 STO 76 03:3 1 96 22 ~TOI 
17 54.,. :3 7 00 0 5'7 04 4 I 77 74 - I 97 03 " 

:18_ .02 2 38 . .--24_RC-L1.s.._2.8 "IX I 78 01 I 98 08 8 

LJ.9 _ _ 7~ - I 3.~--...2..~ 2 59 32 X~t 79 53 1 99 58 artn 

Note on sl.p 

00-09 

13 

10 -27 

38-99 

32- 37 

38-57 

58- 64 

84-98 

To prevent Q (t: 0) from being zero which causes error in calculation 

To feed in value ~f I 

To compute N /rom Eq.{ 5) [if display ot N is reqJired, key 

, in RIS at step 28J 

$ubrovtine to compute Q from known N by Newton's me thod 

To display 0 and return 10 slep 10 

1

- b,(fl bId 
To compute f( 0): a/At{ c) ! Q + 012 usin9 previous value of Q 

L ....J 

To test if I( OJ!: e, if not,! try new Q 

To compute 
df (Q) 

dO 

To compute new 0 by Newton', method and return to step 38 for 

reiteration 

Table 2 (b) - Registers 

P II I ;'-At(c )·(, \3 bid 14 f( Q) 

5 N 6 i7 
1
8 Q 19 e I 



33. 

Table 3 (a) -Proqram Listing 

Curve Fitting 
~----~~----~--~- ---~----~ 

DISPLAY I DISPLAY I ! D'SP~-;;-- I DISPLAY I 
KEY KEY KEY - --- !< EY ! I KE Y I 

~P LC(~~~L~~e~ : 
I_go _ 41_ ~ IS + 20 

~ode--L-__ ~eLc.cod e , ,Step ;Code , . Step c:~o~de~ __ 

_ 64
m 

~ ____ ! __ 4'<L 03 _ 3 160 34 R C L : 80 34 R C L 

01 13 InX 21 
~--------t-- _34_~c;.1.l"I __ 9L...=_41 04 4 ! 81 08 8 
f-Q2 _~3 _~ TO t_ 22 _ 

03 08 8 I 23 
_09 __ 9 __ ! _42 __ 33 S TO , §2_ 74 ; 82 54 ~ 

94 0 -: 43 0 8 8 I 63 34 RCL : 83 52 

~1~~\,i"L~?4 
05 07 7 25 

35 SUM ' 44 54 ' 64 01 184 34 RCL 
05 5 -+ 4 5 52 I 65 64 X 18 5 02 2 

06 43 · xz--1 26 
1--="-------+ - -- 01 --1-_-+ 46 34 RCL 1 66 34 RC L 186 74 

__ ~~n.?UM i 47 06 6 67 07 7 i 87 34 RCL I 07 35 SUM ! 27 -------- -- t 

fs ~-=i-d __ ~!_ 
~-~n-~.+ }o 

_ 03 _3~-- 1_48 __ 74 - 68 94 4 I 
~2_~s T I _49 3'3 RCL 6954 X2 I 

= 88 04 
..;.. 89 43 

_14 _ RCL_~_50_0} 7 70 34 -RCL 90 54 
I I 33 S TO , 31 _O.i> ~_~~ 43 X2 71 03 RCL 3 9 1 34 

12 09 ~2~L _34 -:- 52 54 -:- 72 94 :3 

-~i -i_~~n{~}-~R! :~ ; ~ 0 :! !! =) 

= 92 03 , 
13 35 SUM ! 33 
14 04 

-r - -
4 I 34 

15 43 x2 T35----r---e.-!6 35 SUM ~fL 

17 0_2 __ L _b _? 
18 34 R C I. (_:?? 
19 08 8 i 39 

__ 6-'L)<--L~~_~_3_1 1 75 00 0 95 33 STO 

_ 34 Ft-Cl. ' 56 94 = . 76 41 RIS 91> M 9 

_94 4 __ 15233 STO 77 34 RCI. i 97 4 1 RIS 
_?~. _Lo8 01 I 78 a I 98 

34 R C L I 5 <) 4 IRIS 7 9 6 4 X 9 9 

Nate on ,teo 

00 To feed 'n valve 01 h 

09 To feed In valve 01 V 

00-05 

06 - 08 

10- 14 

15-17 

18-25 

26-28 

:30-59 

60-76 

To calculate Z: In hl and store in memory register 7 

To caiculale "" ( In h/ and store in memory reQister 6 

To caicu lo1e ~ loV, and stOfe In m~mory re gister 4 

To calculate f (I n v f 
( 

and sto," in memO<"y re9ister 2 

To cal culate f: (In~Xln'vj) and s10re in memory re9isler 5 

To covnf tor Ins number 0 t dolo pain t n 

To calcu late b lTorn E.q.(13) ~nd store in 

10 ctl lc~IQte a from Eqi14) and s lore in 0 

To c a lculote 



Item 

2 

3 

0 I 12 1 3 4 
a b z.( In,<; ) n z.lnV, 

,5z(ln ty(ln'{) 6 -z:(ln h/ i7 2: lnh, 8 Inh, 9 1nV, r" 
~ , , 

Tab le 3 ( c )- User Instructions 

Pr ocedure 

EnlN progr am 

Enter 
number} Press 

l RN , program listing, 
, RN ... 

34. 

Feed In da to poin ts , • C Ms RST RIS 

If ony hi or V. = 0 h, RIS 

feed in a very small V, RI S 

valve say 0 0 000 1 hI RIS 

iMtead ' V, RIS , 
h, R!S 

I 

I I v. R/S 
ond so on unt il 011 dato paints are fed in 

Slart co Iculaling b, -I " TO 30 RIS 
an d r~ R/S Q 

I RI S 

Dis,xoy I 

, 

I 

I 

I 

I , 
I 

b I 
I 

Q I 

• r 


