














} '_;_,LIST OF symaons

ACKNOWLEDGEMENTS

'4

“tutoe

'-j'"LIST o:s- 'I‘ABLES “” i

LIST OF FIGURES . (V‘) & A

. -

TN TR

’,“m_ -

PERFORMANCE EVALUATION

L

4 l INTRODUCTION

ot

' 3 4 GENERATION or INITIAL s'r‘.tMA'rEs rene . I .i; . L'. .'.' .’; PO

-v-------c-v,---|--'v-.-

- W : e ‘.‘. . 2
. RESTE ' e T o .
R ol St e i
N * (i), i_
TABIE OF ‘CONTENTS -

.

o

) (Vil)

-..---o--o-.---n.'-oc.-y---..-.--------o-,-----o-.q.
A}

.."'

(lx)



















- : ' (')bjégt-ij.‘vg;.fﬁhqf;':c';'nél_‘ 'gr‘;iqh"i"s" to.“‘?*ey mip.imi"'zea.f
S - o C

. e

v T -
v \‘A-' *
-«>. v

-

lthe, 'het head for the: _i%h;-piaxit;.'g;f%;ime.t'.-' e

P s R







». a.i' )

'_rlike to thank ny supervisor, Dr.,M E. l-Hawary, for his guidance, help, S

3&‘ : I would like at this time to express my than.ks and apprec:n.ation to L

-;those people who helped make this thes:l.s possible. Firstly, I would K o T

P b vt o dpanie e TSt e n

3. a : -
. ' ; 1i . b (ix) .
. S
. :;!‘ : "' ACKNOWLEDGEMENTS . ~ '°'; . . <. :
. "!; ”'V.‘ S '..“ ' o \/\' H:' ' ; 7 ‘
,1 i . 1. o . .

,'and encouragement, and also Ms Wanda Roy whose typing was so fast and : ‘:j
. - M o :
accurate.w Next, T want to acknowledge the help I obtained .from the staff o
. of both the Neﬁfoundland and Morial Um.versity computing serv1ces and . o
especially Mr. Bernard Keogh who had 50, :much time and patlence. . I al;o ’
.wish to thank‘memorial University for their frnancial help and my fellow . I‘,
graduate students for their moral ﬁpport. Last and foranost-, ‘I want | N
to thank my wife whose understand_tng and suppoi't made it all possible. ' ;

e " . i
. ot
. A | B g{ e
o7 it
.. i ) a- R
" X ‘ i
: L 5, o)
: f A S
o . A
- i
< e 3 N pu . -
C s
» - - . . ;
N BRI . e
N Y . ]
B 24 . !
4 “
- . C :“
N . R j : . e e
- M ' . "y . . : "
N “'"‘ el n b v - ’ 1l’l"" PR ":T:T:—:-‘r—h‘——w——(-u.~>m—-—.—u:‘~4-w s '....
s Gl e e e o T ' ; ' . L
-
- .




e . .
N N 13
AR .
e, LT - 0
ta N
. R
Vs T v . o ’
o B . CRE t .
o . ; ot o N . . v,
. - wet N T4t . Ly © , s
- . . . . el .
e : - [ Y F L R Y
(Y 0 ) . 'Qv A N
i
, -
- ’ 4 - .
. . -
i .
L4 o -
- . A

In th:.s thes:.s the opt:.mum. generat:n.on schedules for systems

v@:.th var;able-head hydro plants are developed. ‘I'he scheduling problem

:I.s solved by use pf the Newton-Raphson metﬁod where the coord:,na.tion
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systems cont:a:. ng dlfferent numbers of plants are considered. ¥ B

computer pfocessxng t:Lme due to large arrays and how these problems 2

the‘ ‘ c_omputer: program. 'is'. K
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: ) INTRODUCTION .
. . .- \
) - 1.1 BACKGROUND . - . . . 3
. N S RS L s, ‘ L .
In .any power system one of the major goals ig. to. attain optimum
o i "economicq,dispatch 'rh:l.s 1nvolves scheduling the generation at various co o . ,

-"Agenerating stations to meet the system s power demand while keeping the )

s -

: ""'.‘ :.' power production coats to a min:Lmum. Usually, this scheduling covers K ‘, ‘.'_"A,z

- "’\

‘." T ‘prescribed peﬂ&ods of t:une. In addition to operating economics the AN . '7:; _

optimum operatiqon of a power .system :I.s governed by other restr:.ctions. - G

‘5 The a.bility to fractionallylreduce power production costs Stlll has -

S L 'priority with electric utility companies.‘ Also, knowledge of the C L

I . "'joptimum dispatch schedule dllows for better planning and deSign of any
Lo PR : . . -
: qu:ur’é equiptment additions to power systems. It is’ for these reasons

, ',‘r .tha.t the problem of economic dispatch has been so’ extens:l.vely researched L .

T (referCh II).... o l

. . RN . . - -.~

€« ¢ e

. In problems con’cermng econom1c dispatch it is customary to con- Q . s

- '-‘”sider the cost. of operation only. Such cons:.deration does not take |
-mto account the expenses of 1abour, capital, start—up and shut-down

."'_'related to t.he duration of the down time of a specific unit v-He’nce, an'

' ‘accurate knowledge oﬁ the manner in which the total operating cost of | L

. each generating unit var:.es with the instantaneous output is essential.'

The hydro-thermal opt:.mization problem :anolves the planning of S

S the usage of a 11mited resource over a prescribed pera.od of t:_me. The Sy
. . .8 ‘
) : ~;"‘3resource being ‘the amount of water available for generation. In some . « °
‘_systems the use of this water :Ls governed hy soc:l.al factors incl‘uding o _\3 . f. :
. : . ‘ :“ E B .
: . ..-; - K b f'.‘,."
' miy e, el
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irrigational and navigational- co:m'itunents. . Other systems,. 'with.hydro v
plants. located on. the same strea.m have special problems concerning ‘water v
e -, [ .

/o transport delay which affects the net’ head and discharge levels. Thus,

o the condit:.ons which ex:.st over the entire optimization J.nterval must be _"
. taken 1nt8 account when - determining the optimum dispatch schedule. For
o . - instance .- a system with a 1arge reservoir may require a.n opt:l.mization
e Sl period of a year... St:.ll another system w1th a; small to moderate storage IR
e . T, R ,K K el T 3
o el \ capacxty may find an opt:.mlzation J.nterval of a day or a week more
-y “ . useful. i ) ’
i i . : "~ 1.2 .-..SCOPE: OF. THE THESIS e
: B In ‘thJ.s thes:.s the opt;unum generat:.on schedules for hydro-thermal """ o o AU
' systems with var:.able—head hydro plants are' ‘developed 'Ihe ' ‘.3 : :‘.- . ”.-“-.?'- -
scheduling problem 15 solved by use, of the Newton—Raphson method where
) the coord:.nation equations (21 27) are employed s Several power systema '\'-
A Lot containing different numbers of plants are considered

:; i P . 'l'he historical background on the problem is presented in Chapter '

o o II.-- In this presentation all previous work concerning optimum hydro-”‘ -

thermal scheduling for systems w:.th variable-head hydro pla.nts is
DOt astailed, ERoRt '

In Chapter III the proble.m s formulation 15 prof:.led. ) ub-sect:n.ons

. e

(3; l) and (3 2) detail the development of the coordmat:.on equations for .

i X

L A variable—head hydro syatems and the dz.scretization of these equations

. e
-

S (," for computer solution. In su.b-section (3 3) 1t 13 shown how ‘the Newton— :
5 : S L o Raphson method is applied to the problem-(j Thls sect:l.on also h:.ghllghts ;_~-.’ ,";".

A “a
“ . - N ‘ B . . : N o -.".’

e k‘\'.:_
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o past revolved around the a.ssumpt:.op that for short range studies‘.the ..'- B
""", feffect of head variations could be neglected. Howe\__ver

' 1940 relaxed this constant head pr.inciple. In his paper he presentedx'-‘ ‘

", ‘.had developed which utilized variat onal calculus.. As wrth Ricard he

. .on- the long-range scheduling problem.. Cypser tested his method o‘n a 1 )

system conta:.m.ng one thermal and one hydro plant with varied success. L

PR ‘v

Zdetailed the expansién of the basic coordination equations to include

T -tra.nsm:.ssion losées..

i calculus techm.ques.-, T '.-"1'-.', . . ‘

%‘ga‘t

Vand neglrglble tra.nsmlssion losses. 3 '.‘ '

A ‘ R o
Aneglected transmiss:l.on losses an'd 'n ‘addition concentrated his attention

results of this paper was the demonstration of equivalence of R.Lcard s, ;"f

.Kron-s 3 and Cypser -] equation! 'I‘his the anthors show usrng 'variational,:,‘ SR

S . . L e
.“: ! ,\) ) : \4 .: - B ' L3
Fa Y i 1 . .
H Sy . .
: CHAPTER TY" '+~ ° - - Lo T
. %+ A HISTORIGAL REVIEW . = S e e e
2.L A REVIEW OF THE DEVELOPMENTS IN THE PROBLEM oF OPTIMAL VARIABLE-'_.' S
o P, Y K
. HEAD HYDRO-THERMAL Drspmcn T -;::;' :

Much of the wor'k done on optimal hydro-thermal d:.spatch J.n the

B

) coordination equations for systems with net }}ead vatiat:.ons

R

k“'_ . . I - .._

Fqurteen years 1ater J.n 1954, Cypser [12] reported on a method he

i .
n,' i

DRI .-

.,

_ Then in 1958 Gl.unn a.nd Ki.rchmayer [21] in, a’ comprehensive paper, y
R ’ .

1

’.They tested their method on various mode;L systems .

us:.ng the technique of numerlcal :.ntegration._ One Q;E the mportant

o
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S L "f‘-;:,‘, CHAPTER III T ARy R
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. . - . -“_. ; t . Lo . e . ‘ ;ﬁ; ';~‘ . '
. O 2 " TR b ‘-"_ S Cpt S0y T e T oy 2
R ,coonbmuionf EQUATIONS.‘FOR VARIABLE-EAD HYDRO SYSTEMS ~- . . . o

o ,.",

The coordﬁnation equations for variable—head hydro systems are

B g : R : .’, “r

-

:l an extehslon of. those‘used for fixbd-head systems. For both types of

h .

B

n‘systems the classical’approach~of var1ational calculus 13 utilized :T

To begin, ? is assumed that the reserv01r is large encugh sc;t

.--v T_ . . . ; .
i R . .

u7“that any varlatlon in. net head ma? be neglected It 1s also assumed"

AL

'ﬂthat the fuel cost for the thermal units is

L
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i When solved, theee equations yield aetive powers, the incremental
. , ¥ : " Lo o cost of power, A(t) - and the base water worth, , i~'.' However, complete R
| ,‘{ solut:.on requires that the follow:.hg constr_aint equat:.ons be adhel_.-ed'_ t_o:n‘ s o
'51 T oo T gy (e) dt = by, o e A= NGY T T e (3.14)
” KE S R R “ - "o . i T o 1,‘.‘;“ L el oL . ,::.4~ o Y]

' L i is. replaced by the assumptlon that operation of the hydro un:l.ts~ results L
". e in a change 1n the net head of the reservoa.rs. . 'I‘hus, for hydro plants
ST ".tw:Lth variable—head characteristics, the generation of actlve power is ::.'f i Y
: e regulated by the rate of discharge, q (t), and also by the volume ,of water : .
% st o ' ) RE? . . ) . ¢
. '.',.da.scharged Q (t) . given by o
o ‘ B L g
}’ E L T

I
2.8 e et 5

B -Jvarlables are now extended to include P (t) and Qi(t)

"

o coef f:.c:.ent,

‘i,_'.«lis. nov("'var;.alole Aax}‘d n:i.q deflnefi;,' 3 ‘-”







(t)‘+ L f [1 (t) oCh (t)] dt
i i 0 e . o N '
whe.re i (t)- .ts the na.tural :mflom assumng a vertical sided reservoir.

BN . ' .“‘ R )n

Under the foregoing assumptions the dpt:.mality conditions for a

v -".‘. S !

2,
M

; variable-head hydro system are given by
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ar-RE

. X . 5 v* . é . . - L
] . . ) . .. . e I, | ‘. o g - - . . 7 :\, An ) o “,’l' .
" -3.2. -, DISCRETE COORDINATION EJQUATION R LA o

. 'lz".eplac:ed-“by the equrva;ent‘ fo,nn' ] Lo _;." . '
h 3 ‘ A) &

v,

v requ:.re for digxtal solut:.on., This problem :.s treated in the next

‘-'aeotion. B T ::"' SRR

ot T B - e

I

. C e
‘ .f; ST
—

' To dlscretize equations 3. 25) to (3 29) it is assumed that the fans

fiod T

; ‘,_The dynamic,'equatlons“ﬁ ‘25 to 3 29 are non-linear and a discrete form J.s

‘:‘,optimizatlon 1nterval [0 1 J.s dJ.vided into N discrete :.ntervals. ) e

a 'dlscrete time J.ndex J.S denoted by tk Equat:.on (3 25) :Ls denoted by ;.

" e s '. .

(t) and /s/st’r/a:ght-forward as far as the dlscret:.zatlon proce)ss ‘ig”
.1‘ . ,_—.—"

oncerned. Slmilarlly equatlons (3 26) and (3 28) are,-denoted by

(t)t and f (t) ; respect:.vely. The volume of water constramt given "
:. . .

'

:‘_.j intervals to be of equal leng'th, A. i‘he reservoa.r equa.tion (3 29) is '

S wea s

. i i

Ca \d

qi(tkﬂ =0

(i=1 N )

- ':'by equation (3 2'f.) is replaced by a su.mmat:.on assummg tha.t the discrete

—vr ‘.’_.

B, (t) + —1— o [1 (t) il(t)] de’ , (ASIN) (330
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The. unknowns are Vv, .and the £ollowing 8
i

- PS&kalf tk =0, 1, acey NT-l
. \ - (’ . /"I .\\
i P (t): t =0, 1, N_-1 T
R
’ ' - . : = cee ’ -1 -
‘ .. ‘ )‘(tk)_ . tk, 0, 1, . NT
'hi('Fk):W:-tk = 1, ";',,’ NT—l .
The interval ov_f wh:.ch h (t ) :.s found, ; .'e. (l,NT-l) ha@e i"t.s'besis' .
S fin the assumption that the reservoir levels h (O) 're known - Thig:is e
described more fully in sect:.on 3. 4. A G e T . con ;
W .33 APPLICATION "OF THE “NEWTON-RAPHSON METHOD TO' THE:PROBLEM .
. Tlfe~ﬁe‘vfton-inaphson method requii'res._ soiving"on__ee'c_h‘.‘iter'ation ol
S . R ‘the folloiwing set- of linear .equations )
T £(x) + J‘A;;m_.s 0. e (3.39)
In the above, -f is the vector nor)linear function to be: solved and J J.S
the Jacob:la.n matr:.x cons:.st:.ng of the first-order partial derivatives
T of: the functions with respect to the unknown variables (Appendix A)
which comprise the vector x. 'I'he :.ndex m denotes the 1teration numher.
The sa.ze of the Jacobian matrix 'depends on the number of unlts in’
: the system and the number of thne mtervals in the period. For each
LY FE T § . e .
v . hydro plant there are t.wo variables per time instant, for each thermal
: s pla.nt only one variable per time :.nstant In addition, one variable '
' ,'_.;,,,_ ) _ : ’
e 0 per hydro plant 15 encountered Also :anluded are the values of
T. * ' } : - ’ . .' x . -v‘ ‘. . . . ‘.4
of . . PR . . " A e A
) t N

P .




| '.r"
. o ,
" 16 ' _ !
. : |
. R
' the incremental cost of power, ALtk) ; for each time’ interval. -
. . Solvidg for Ax" requires that the inverse of the Jacobian matrix,
R . ‘ : @
J l, be obtained. This is achieved by (1)s ... or (2); by determinir_xg
* the inverse of the matrix-as a whole or two; by utilizing the method of
. . ) .
matrix partitioning. . , : T
Theé first method provides a direct. path to J-l.‘ "The Jacobian’ - L
) . . . : ‘ ) b - \~.‘
. —— - matrix is set up and its inverse is obta-ined di:reétly th.fough a ’

commer.‘ciali'y -available inversi‘on'routine‘." This method performs -well -

. a ' | ’ 'when cons}oerlng small system:\s.é However, w:.th 1arger systems, 4 plants - -
. .’ "" or more, the amount of tJ.me requlred to obtam J is such that 1t J.,S o i '
! " I':: r}}a longer feas:.ble. : - -I : B I B
‘ e : .f' ';. : h‘,.‘ ‘;‘ 'I‘he ma:.n object:.ve of the.second methad is ‘to restrict' the :.'.” "
- | ‘. applicatlon of the 1nveraion_tout1ne to a ma.tr:.x of the smallest ‘ ) _ ,
i poss:.ble d:i.mens:l..ons. : « ' I SR .: R
et 4' . 'ro accomphsh th:.s a method of ‘matzix- partltioning is. employed f e Lo "
. | The Jacoblan mat x.J\,‘the/nonllnear funct:Lon 'vector, f(x Y, and the - :' . A
.3' ) ' : ' - ‘unkn‘own var:.ablee, Ax .- are d;w:.ded up. or partltioned s0- that a more’ : ‘ ;
" ','efficient procedu-re may be‘. used ) ) | . ‘ -
'i To heg;n, the Jacobia.n matrlx is structured as. shown :m F:.guret EURNE ’
f ) ‘ -3:‘.1.. This arrangement obtains the ma.ximum beneflt from the sparseness‘
- . of the matr:Lx.. FJ..gure 3. 1 also details the partitioning of the matr,:.x : _~ B
. ‘ ""land J.dentlfies the )suhmatricee. ‘ ‘ . .
z‘ ‘ S.uular:.ly, the vectors f(x ) and Ax™ have part:.t:.ons wh:.ch are’ A "

’ .

e structured accord‘:.ng to F:.gure '3, 2 . _’ _—

: . . ! . P - “ r . [ ¢

thatxon (3 38) 1s now rewntten J.n terms of these partlt:.oned

G A et

m_atrices, S e o S o -
i ' . ’ ., o -, :
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",\',".;subblock This reduces the computational time substantially. h .'l'he

: '"‘;-,-"other inversion which .'LB performed :LS on a matrix which has the same

o :Wlt]’l three hydro plants and three thennal plants :I.S examined

'.--‘_.'of 24 timef}eriods. _-"

Closer exam.nation of the submatr:’.x JA», reveals that it :.s block

B

. diagonal and, hence, :Lts inverse may be found smply by :anert:mg each ‘

Y

pa 3

The r;

':resulting Jaca.bian matrix:i.has the dimens:.ons [240 X 240] for an interval

Japa L tatn

PR S0

LY T RL s




S numerous.-,{ 'I‘herefore, it\ :Ls necessary to make certain assumptidns and B

procedure wluch contributes to the overall effic:.ency of the program. ;, ;

mom.tored and would be available as input to thé program.ln“ the form of

At The methods by wh:.ch these mltlal values may be obtained are

P

2 Yo

develop part;cular models to produce an 1m.tial variable estimatlon A' L B

\"i S

the variables. '

The first assumption ma.de is tﬂat the level of the reservo:.r is

P

. Thus, the .number of mitial values to be determlnep is re_@uéed’ ."- u







.

known, :.t'remains only to determine va.lues for th§ remainder of the '

u'-., N i

results a.re obta:.ned when an adju t:(nent factor-ls uaed. Such a factor ey

o .rA\“‘ '

initial power dema.nd. In other terma )










where thequadra.tic ,éq'e;ff:;fé'j.e
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- . The values for A(t) and v(t) are tabulated in Table 4.2-2. The
-i “variation'in net head is presented in Figure 4.2-5 and Table 4.2-3.°
‘T' Since the inflow to the reservoir is.constant, the value of the net '.'K
n “.' R - . - .
{T head decreases as expected.

N Actual computer print-out for this system is found in Appendix C. . .
3 . . s Lo
T4 " 4.,2.3 'Characterization. Tests Descrrbtion - ¢

. ~

SR ’
. . . . . g
The characterlzatlon tests are carrled’out on the system descrlbed o

'~ﬂ1nl4 2 2 to evaluate the computer algorlthm f",‘; f,ﬁﬁ>;¥”'

o . o - v

’.’_.1.

Three tests are performed on the systen.‘ In the first test the

S

St o : &:? available water is varied.- In the second test the power:demand, P (t),

K

1s changed whlle in the thlrd test the\hatural 1nflow,'1(t);'to the

R . ]

reservoir Ls altered.: The tests and results are—descrlbed hereln..

4.2.4. Characterization Test One , - :

e R

In thls first test the power demand, P (t), and the reserv01r s . 4'} '

.‘,f': T _‘na%ural inflow are heﬁé constant while varylng the availsble water, B.

Then, the effects of the changlng B on, the head varlatlon, the water'-
N ."X ." ‘ . ) . .v; }
worth coeff1c1ent, v(t) and the dally fuel cost are examlned., ' :

Flgure 4 2-6 shows how the head varlatlon was affected by alterlng

w

v

‘-ﬂ,‘Vf:.;;}:'n-.3' Thls head variation refers to the dlfference between the mlnlmum

oo ) ' ) e
. R and maxlmum head levels over the test 1nterval.' As expected, the head e
. \ 'ﬁi u:rlatron-anreased almost lxnearly w;th 1ncreases ‘in B The reason .,~"“”;‘ :
a e for thlB cah be deduced from Flgurev4 2-7 which shows that ae B increasesl“”'ljldt élﬁﬁlu
the water worth coefficient, v(t) and, hence, the cost of water decreases.;?.; : Lo
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TABLE 4,2-2

| T

~

INCREMENTAL COST OF POWER: AND

WATER-WORTH COEFFICIENTS. TABULATED DATA.

| TME PERTOD

HR

NU PLANT NO. 1
S/CF

o~
ﬂghBDAA:

TS/

. . 18

1

Sa !

=
"
s
e
Cy
g
PN

:ll ~,'“
12 ‘
13

14

15

.16

19
.;‘:2"0,.; 
w2l
22
L 23

. 0.03267 .

'

0.04812
0.04698 .

" .. 0.04589

0.04481°

L .0s0a3ar T
i 0:04102. : -
looozs
.. 0.03983 -
0.03888-+

'0.03734"

. 0.03681,

10.03622
0.03551

- . 0.03854
~'.0.03809 ’
© 0.03761 .

10.03751
| 0.03696

. 0.03847. .
0.03591- 0" ¢

0.03520 |
0.03400°

T
Lt

[ . 3.784"
3.880-

3.820

3i7ee |
3864
foosees |1
b 3.872 : ‘ :
3,784 |
3.661% ")
3.637
3682, |
3618
©.3/569
3.536
' 3.236
3.é62~"'
13,172
322
3,100
3077
3,087

3.042

"3.040 . ',
R R TS VO
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This means that more hydro powexr will be generated and thdt tlie theérmal
'output an'd, hence., daily' fuel costs w:Lll be redu'ced; Such is‘the'case

(

as E‘lgure 4 2- Kearly indicates. .

—_— ) . Data for the three curves are tabulated :m Table 4. 2-4

- > B EEN .
50 L - . . o o / ! L. .
4.2.5 Characterization Test Two oL . ‘
i, ) In th.lB second test the natural 1nflow and available water 15 "
5 L ’ : - !
Lo L held constant and the power dema.nd 1s vaned to determme the effects -;-

“‘von the haad var:.at:.ons ’” mcremental cost of power, )‘(t) Iy and the da:.ly

fuel cost. .. , '«: : - .
: ~ ‘j' | :'I'he head var:.a.t:.on remalns.fa.irly con;tant (E‘:tgure 4 2—9) |
. ‘ :' ) (P d (t) lncreases s:mce the inflow and‘B are helcl conetant which results._ T :'.f."‘_
‘ * 1n ‘an 1ncrease in v(t). ",f :
‘ ‘ "; The lncremental cost of power A (t) :anteases as P '(1:) :anrea.ses :
: ?’1“‘ - . . T B wh:,oh is’ exactly as expeoted. Th:.s result .'LB demonst.‘r:a.ted by F:Lgure | '
' i a. 2—10. "' | ‘ ' *
- ., . Exa.mma.t:.on of Flgure 4 2 11. shows tha.t the da:.ly fuel cost also "
‘ . - : . lncreases ;with mcreases m P (t) Th:Ls is not unexpected 'smce ‘ |
L : o S o constant hydro plant che.racteristics result :I.n no increase in hydro .:‘
: hﬂ output. Therefore, the slack must be ta.ken up by the thetmal unit and, -
{ . hence, an increase in the da:.ly fuel cost. ) .'_-f.-" - :-'i. -
. . o 'I'he data for these curves :Ls found 1n Table 4 2-5. BRI
T ~ . T = vl o '-."” - ‘ )
i . . .

Y

bt te o Ay a e = ns
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. C
. - ‘ vl o2 : ;
’ Area = 10 mi
. ) L ) 5 ‘ e )
e Available water.= 2.5 x 10 ot
K Net head (:uutial) 205 - ft
. : o . . . Natural infldw = 5.5 x 10" cfs . - -
.’ The data’ for.res'ervo.i:rv :':cwo is - . N ‘ SRR B

v . ' STt ' 'A -ireg-= 18 mi P ‘ A . ,,

UERTEA Available water = 2:25:% 107 6f ' . : w0 e GG T

S - '. ; B ' . ‘ R L

I - S0 0 I 'Net  head (dndtial)=:206 £t ool L e ; :

_‘{ et ) Lo ‘-"._ ) o ; S A Lo e s '." oA e ','\ -."
I R L ., N T S —'.I ~ “:".' . .. .. S .:‘f‘ 3‘ T "“ « [ ‘..“- I . ..' :."..' .:‘ ) - -~l‘.' iy . '.-: : -
’ S - .y, - a:Natural inflow'= 11 x°10- cfs.: ..o PR T LA S J . g

I ,4 . o o Ag‘hin the:. tegtl intervel 'eevered 'Ei. 24 hour- éer'.ji.dé ';qhic_l'x. v;ae- -subd'i:videa‘: e

T into. 24, one hour 1nt9rvals.- ’

i '.,";' - o ‘ 4 3.2 Comjputatlonal Results N BT T -

T, S A Fo;:“test system two'the -prdgram -conirérg'ed-in' 13 '.iter'atl:"i'o'ns" to','a'nf L
R R RS ,error cr:.ter:.on of 1 x 10 (see F;Lgure 4. 3 1) and reun.red 731 - .
1 - ) ’ ‘secpnds of cpu tJ.me for eo'.l.utlon. S g . - . '_ e I S : . .‘-1:,.:}

o o The opt:.mal diepatch schedule is obtamed and presented 1n Figure j:'_

Ce 4 3—2 and 'ra.bles 4 3—1 and 4. 3- .'.' Again, the thermal generat:.on was : 2 .

: ‘m:l.nimized a.nd the hydro generation accounted for an average of BO% of
2 ‘the total power requ:u:ements. 'I‘he daily fuel costs for themal pla.nts

' .one and two were found to be Sll 764 85 and $11 413 87 reSPBCthGJ-Y- H

-

F:Lgure 4 3-3 is: an enlarged vers:.on of the P (t) port:.on of the

T SR AL

' _-‘composz.te graph Note that as ti.me progresses P (t) ca.rries more of

oL
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TABLE 4.3-2.

OPTIMUM DISPATCH SCHEDULE,

TABULATED RESULTS.

S Y RN A oy o b - o

) §

TIME

HR

PERIOD

HYDRO PLANT
o, 1
MW

HYDRO PLANT
NO. 2
MW

THERMAL PLANT
NO. 1
e

-‘THERMAL PLANT
* NO. 2,
. MW

e
e

LA TS R ) T IR T L SO

560. 26 .

© 588.05 ¢ .
[ 580.83. -
5780267

e07:54%

| e21.60. [
N ezsias

.1664,2§-; -

Cse7.74.7 7

511,42 °

538,14 -

53171
530,72 ¢

. 556, 23

188.99

.207.02" -
19875
o 194,82 "

PR IR ST SR
‘ilses.o2 . n| L 9 -
| :%73;°é-f}
“1f§$i§1§}-;
s29.95

. 216.19

202,29
18197 -

- 183.61
201265
. 1193.38
‘7;8§.4$f“
" 20495
.fgio}éa‘:"

. ",". W ,2101_‘52 :
Caseiez

176.59

e

567,31 " 530.9% 179.73 ] T 17435
11 597.17 553,98 190.55 ° - 185.18
12 ' 576:13- 541.41 . 180.62 175.23
13 | s60.92 533.24 . 173.44 .168.05
1 552.81 . 530,14 169117, o 163.78
115 392.55 421.39 . 110.46 105.03
| 16 [, 3sa.es ;;4i7,063- ' 205.88 .. 100:45
' ‘ﬁi?f 'ﬂ;79¢25 414§05f 162;053 : 96.62-.
18 .-358.94 ‘401.98 94.02 88,58
19 .| 3se.sa 402,22 91.86 .| . 86.42
C20° .'352,7§L»ﬂL- “401.21 .- ~e§.;7 . 5' 83.73
21 ' 351.30 . - doz.18 . 87.37 "81.93
.22 ”1z354;86' ' 4oé;ho‘j‘ :;~36.91 81.46
23 | ..37360: | 419035 . -89.80 , T 8a.ss
24 “-.402ﬂ;4'1,' " 436.03 ‘93,79, " " " 88.35
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in shape as: well ‘as values. U S Co i:"

. - .
’
, 52
the load than 'P-h~- (). - This is as predicted, since reservoir two has a’
s 1 . . )

2]

larger area and greater inflow. The higher starting value of Ph
> : A hy

‘be attributed to the. larger starting value for the available amount of

water.

. *
Figure 4, 3-4 aga:L:n is an expanded portion of the compos:.te showing

‘P (ty. Aas expected, the curves for P (t) and PS (t) are ,very Blmllar

< l el ; 2

-.t.:"‘ W

Figuree 4 3—5 and 4 3-6 present the variatione :|.n A(t) “and. v(t) .

. ]

, .respectively, with time. As for the two plant system, K(t) varies with

‘_the pow@: demand and v(t) decreases ‘a8 the net head, h(t), decreaees.‘. S

[

_;'It J.s mportant to note that the decrease 1n \J (t) is 1ess steep than

(t) 'I‘he reason for th:.s is evident from E'J.gure 4 3-7 which shows -

'the net head variat;ons :Eor the two reservoirs. 'I'he decrease in h (t)

ig less than that of h (), hence, the difference in. v (t) and v (t) s

Thie lesser decrease m h () is due to the larger inflow and
b1

greater area of reservo:n.r one. 'I‘he tabulated dati for these curves is.

_ given in Tables 4.3.3 and 4 3 4.

Actual computer print—out for this system J.B found in Append:.x C. ’
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"_TABLE. 4.4-1..:~OPTIMAL DISPATCH SCHEDULE. -TABULATED RESULTS. .~

N

Loy e 47l S gy e pna

Wiz e 4w am s

-

|- POWER ..
| zosses..
M

. mHERMAL | .

. - BLANT |

. UNO. L) E
L .

-~ MW 'r“ i

HYDRO:’

“PLANT

|ovoiy

| ;u¥oRo” | -
“PLANT .

NO.< 2,

HYDRO
_ PLANT
".NO. 3

- HYDRO

“ PLANT
NO. 4-

.Hw‘

]
b

HYDRO -
PLANT

"'NO: 5.
. 'Mw

107
LR B

1. 263.16 |

| .-260.92 .

- 271:21 '.'.":

.

) \1\{- -
253366 |

252,48 .-

~3 ;.“ ‘d'“ -
| 235,63

232,24 |

e

- . 226"; 7,9‘:‘_:

A

t222.32 |

258.33" |~

263.60° |

. 268.23"

©276:29

-+'266.00".

+.227.41.2].

268.68

-257:56

e

237.33

- 258.74. -

1263.41°

" r240.720 |

3.e8

.- 214.80) " 219.89

572,92,

- 545,09 ¥|

157135

' 565.51 ¢
‘564179

. 590.42. | 5

' 620,98 %

160702

58139 .

2 882.19.. |

587,11

‘57-.2.-56 5727

.545.27 .
57184 |,

55370 |

. 564.99.4

607,25

56159,
582.39. | .

587.32 |

757320

544,90

571.15 |

565.31 -

“564.60

© 590,21

" 620.74

’ e

“.501.19’

"t

- 572,41

582.00°

586.91" .

0 '-572174

545,08

571.32

- 565349

. 564.77

I 590.36

|"620.88

" 606.95

. 581,37

"582.18

St

572,94

157250

'587.09 -

' 545,26

571.49

© 565.66

564.95

590.52

621.02

607.10
572,78
581,55 °
. %82.36'

.587.27

573:15

vﬁg:'x:

PR

< . R -
B .
. . . . “
g L L i
. H . - b
. T LY "
1 - =.
: ¢ =
. . . _i
.
i N K B . - :
1 -
z -
R - . i LI
T . L . .
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. . TABLE 4.4-1. OPTIMAL DISPATCH SCHEDULE..TABULATED RESULTS. CONT'D.

. = L - 7t
fo i . EPIRre - :
1 .Hi.
oo >
T - :
R S - 3
S .
S :
! .
.l =
i .
1,
-~ W . - . L
o P
" i -

o |,
“*'I"PERTOD -

_HR

.:_Pd.WER'. :-.
_DEMAND, |
MW

3126ﬁf3;;~
LOSSES:

M

pr—
"PLANT'
"NO. 1

MR

.TQERMAQ
" PLANT
' NO. 2

M

© PLANT" -
No.1T
R

"HYDRO . |
TINOL 2
_'HW""‘ )

"H¥DRO ™ |-
' PLANT
.- NO.-3

HYDRO
PLANT

NO. 4
MW

HYDRO
PLANT ,
ND. 5

C MW

o . -
oo i o
v

.13

of 18

=15

.;.-16. '_- —.a

asi |
,19_':._}‘

1 -

23

24

22

| V3203,

2559

3181

2524 |

- 36.32.°
1 36:26. |
" 22,34

“ 21.84.

oo 21,48

|, 20053

20.14°

" 19.99 7
£'20.01
* 20.35

}21:iéf.'\

23,34

:208.47

©°203.57

©.183.36

©177.85 .
172.75 -

© 16717

;162;38
" 157.92

153,66

.149.50

144.97

'139.88

313,56
" épg.sj;
~.18€146'_'
.fiéz.sefj
':177;55.
:'172.zs:

i57.4§'_'

'163.03

158.78

' 154.62
"150.09

145.00

' 435.97

. '5.5.6‘3}"39__'; -1
' 562,93

“44166 "

436.76 ..

433013 .

©423.36 .

4ig.40

417.75-
418:07 |

. 421,62,

451.60

R

563.56

~ 563.10 |

- a41:68|

'i436.7éi

433,14 |

a

+423.36 |

| 419,40

417,76
.418.08 .
: 421,64

' 436.03

et |

n,

f_5§3,22
552;573
441.64
?436;75
;§§3m12
423.36
.419:40-
.::511;75
‘>4i8.06w
:'“451;60'
a3s.0L.

.451.49'

‘418.48-

 563.45
ﬁ'sésﬁdo;'
.:442;96'
437.16
:433.54“

.. 423.79

419.82

t

418.17

" 421.99

436.23

451.71

',§53.67
563.23
-442.47
437.58
433.95

. 424,21

420.25

418.60

418:.89

422.38

436.56

451.94

09
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- TABLE 4.4-2. VARIATIONS'IN A(t) AND wi{t)o~ - .

| prawr.ne. 17
4 '

S/CF

A'f_Q~NU;‘
:PL A_NO..‘

2.

. R |
_PLANT No. 3 |’
. S/er

R f‘s[cﬁ;l

CoNu
LANT NO. 4.

T
" PLANT NO. 5
| 8/cF

LAMEDA
s/

© 006169

. 0:05515°

*1.0.05353"

©.0.08707.

. 0.04951 .

,-'0.06030. "
10.05713 .

. 6.05404 -

005084 -

oo |

)

| o.ossal -

.,

‘0.06331

. 0.06171

.0.06032

1 0.,05893

© - '0.05715"-'

.. 0.05517

.. 0.05406

- 0.05355 .

w'

0,05086

..0.05209] " |

It r0i0a953

1

. .0.05083 -3

0.06326 -

© 0.06167°, .
a e L

| . o.geoer. /- 11-

0.05889 .1

: S~
. 0.05711 -
. 0.05514 .

0.05302" ©

. 0.05351 % L}

x
'

0.05205 -

- 0,04950 -

) .;‘()339'1: N
:l0.05713°

- 0’05516
Lo 4

| 0.061697 .

'0.06029’

. 0.05404 -

“oidsisa

10:05207.

' 0.05084 T

- 0704952

>;.‘§§%f_1

© 0.06328

© 0.06330
. 0.06171
. 0.06031-

0.05892

. .0.05715 .

1 0.05517 .

0.05406'

" 0.05209
0.05086°

0}94951”'

-0.05355 -

4,279
4.327
4.266°
3;222 :
4.;50.
4.282
a.215

4.114

© 4:093

. 4.061-

4.034

B e e,

17 o.04883. " .| . -0.04884. | . 0.04881.:- |- 0.04883 | o.0s884- |  3.989" :
R o A - . R -
: N -
i < [}
; ) G i
- DY o~ ] . R
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| TABLE 4.4-3. VARTATIONS IN A(t) AND'v(t). ~CONT'D. -

. ‘_m‘,

- PLANT;NO. 1;
.. S/ -

e wNﬁh”':ﬁ

" BLANT NO. 2 -

s/cF .

NG

" 'BPLANT NO. 3

.:rfﬁu PR

| ‘PLANT NO.: 4’|

o SfCF

‘NU

. ‘PLANT NO. 5

‘3:_.ZDA'

S/MW

‘ 1 . 19 ..: -‘.,

-, 21 ‘;:.f

22

324‘_

N ".. 20 B ~

S - 23_ ‘ i

. 0.04708 . -
;-0,05052 ©. .

"1 0.0499L "

“0564335;

.0.04772 -
T .:.-."»" . N e s .
‘. 0.0470L, "\ 0.04703

004616

1% .0,04807: -

" 004891

0.04478

. 0.04333.

.. 0.04808

; .o;b4706'J-? :

©..0.05054 .

£

" 0.04993 - -
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’ M coommm:xom F:gmmous FOR' Economc OPERATION : SRR
P op powzn sysm:us WITH mmno PLANTS RYARY .
- ‘ ON THE SAME STREAM . .'
; : T
. systems w:.th hydro plants on ths same stream is presented Time dela
} ' of flog tween plants is. taken intc account. TheLresuIting equatlcns

represent a natural extension of the pxcneerihg Kron—Ricard equations

from whlch the usefui concepta of water—worth can be obtained*ﬁaaily.
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T N Cs
Y Each of the hydxo pla.nts is assumed to draw water from a vertlcal L e
' " 2 . N
o —slded reservo:.r whose surface a.rea is 8 ;.n m 'I‘he reservo:u: 5 natuz:ai, A
S water 1nflow is denoted 1(t) in m /s) A forecast of’1(t) 15 assumed N T o
o availa.ble over the opti.m:.zat:.on 1nterva1 [o,T] The contmulty equatlon . -~""_' - ‘
: . '3
LA S Lqe(B) 4% = 0t L e e A

. g . ’ S - ‘ C e . . Coae

" As the intermediate reservo:.r, ‘;the inflow is composed of a natural o o L

. . - D . “

- component i (t) as well as, that‘ due to the corztrolled discharge q2 of

the up-stream plant delayed by 1.' hours. ~“As a. result, the cont:multy Lo
equatxon for: reservo:.r three is expressed as 2 ;l“' ' o o
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‘Asis common iry‘boniréntional»iheprjé','"‘.-the loss penalty .fa_cj_:‘ors. are gibéh:

v (5.25)

of 93 (-t.-‘cf)— ',‘?3.(’“;‘) ;dg, : ) (5 26) -
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L for discharge arrivmg at a plant further down-stream —Note -t}‘lat';forﬂ

‘t,he down:-stre'am Jblant only the ‘cougl:'Llng-freel termm 'exists';'lt" S

ot X .

' , 75 f L

:' ' ! A

, "over the optimizatiqn vinterval as long as discharge.1'exceeds the natural .

i inflow into the jreeervoir.. This concept ha.s heen d:.scovered by léron and ,
Rxcard and J.llustrated vnn.dly by Glmn and Kirehmayer “for p]:ants that
) ' - are hydraul:.cally J.solated o : R BRI ‘
" ' : The coordination equat:.one derived herelfor syetems w:.th piants :
’ on‘the ' same stream prov:Lde us wi.th the basia for- obtaining Av.»ater-worth '
' | functions)‘ o (t) def:med by Equat:.ons (s 17) -. 5 19) . and . 21) | sl

' , Inspectlon of each ofhthe equations reveais tha. _the water—woz:th is~ - . :-":f ’ ‘.Z
.J xnade.of two components. The fJ.rét 1.s the coupl.lng-free tet'm v ¢ ;t o) ‘ ‘
‘ ;hxle the second conponent pertains to coupllng and represents a penalty 4
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’ CHAPTER VI
'F- CONCLUSIONS AND FUTURE WORK o : 1
. - . . Y ' » '
."6.,1° CONCLUSIONS -

An algori-tim baeed on the Newton-Raphson iterative technique is e

developed for application to the problem of optimal economic operation K

of variable-head hydz:o electric power systeme When this algorithm is

applied‘to eeveral teet eysteme, .the results show that it ie eucceesful

W 0
I

m obtaining the opti,mal hydro-themal dispatchmg schedule. L . e

The computer eva.luation of ‘the behav.ior of the variablee under

varying syste.m constraint conditions ie consistent with the pzedetemined

‘w

_j analytical obaervations, ' In other uords, 1he variables react ‘as pre-- .

dicted to changee in t.he system.‘

<

- k

the succeesful solution of the problem is 51gnificantly reduced by

exploiting the epars:.ty of the Jacabian matr.uc. As is po:.nted out in

. Section 6 2, even further eavihgs are realiza.ble through this procees. o e

’

The coordination equations for hydraulically coupled variable—head

hydro-themal electric powei' eyeteme are developed for several config-'
'.. ‘, N ) T RN : .

urations of eysteme e

The a.mount of computer etorage and cmputational time requ:.red for '

o
e T

R
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“;sparsity and obtain more savings. Thl.E additional work should be
\ :-directed tWa.rds performng the matrix ma.nipulations on an elemental

'~'ba5ie. This will requirel further partitioning of the suhmhtrlces

'»reduce the computational time required “for. solution.

I's ‘
for any continumg work on th:.s top:.c.

o It is shown" .1.n the preceedmg chapters how explo:.tation of the.

wsp'a'.rs‘ity‘of the J'a.co,b'ien, matrix results -in redu'ced core space‘ a;nd - P

Y e S

- combuter'-time’., As ment:.oned, J.t J..B poss:.ble to further explo:.t this .

[

A

block dlagonal ma.trlx J’A o

Another path would be to work towards improving the methods used

“r N AR

' "'to obta:.n the im.tial esta.mates of the Variahles. Such an improvement

'

v

Aa another point, the optmality equations for hydraulica:lly— ’

coupled hydro pla.nts in hydro-themal systems should be implemented.

LN

' "jAs well, the program cohld he expanded to. include pumped storage units.A ':-:

.
vt ~

As a last J.tem, xindepth senaitun.ty analysis of the program

should be performed to determine, :Lf any, .the l:unitat:.ons of the

-

v

program that are not ohva.ous through the testing that has been performed

'
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This a.ppend:u; ls.sts the first order _partial derlvat eB' whlch
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form the elements of the Jacob:.ar( matrix.
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s S Tte computerprogram presented herein solves fer Ithe Optlm;m hY‘.h""’“i'”;“'

‘ "..-,‘ thern;al dinatch schedule..{ The algor:.thm, descr‘:l.beé in. the te"‘t' te—- < .

" . ’ volves around the Newten—Rephson technique v;'here the 5°1“t1°“ is’°btained‘ ‘
| o The ~'Pr':'c:.gra\m 1og:.c 1ald’eta11ed 1n the flowcha.rt presented 1n Figure

number of themal plants in the system
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T The followmg llst conta::.ns the defJ.nltJ.ons and diméns:l.ons of the S l ‘
s ‘. _-“- . R \. . Y R “ o i ‘~.. RV RN _l‘ S 1_
‘ " '_',. terms used 1n the. program. 'I‘hey are- cataloged accordmg to theJ.r ERISEENEEN ?!‘f ;
i : .“‘ [ ! N ;o ‘ ;
- i -‘ . ’ . : o '. e '.;‘-“‘
‘ ' ' ‘ ' number of discrete tuue :.nterva.ls J.nto which the 1:;,'
study per:x.od is d1v1ded BT T R
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./ ‘THROYGH ITTERITIVE TECHNIQUES

ETHE PROGRAH IS SUBDIVIDED INTOA Co
*;VARIOUS SECTIOHS AS/ FOLLOWS. j,,ﬂ'-"‘“

“THE. HAIN PROGRAM is. RESPONSIBLE SRR

- FOR ALL_ARRAY "AND DATA MANIPULATION - = © -7 ...
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OF -EPCE(T). THIS QUADRATIC : o
EQUATION MODELS THE RESEVIOR‘ °
VARIATIONS. . .o

SUBROUTINE T IS RESPONSIBLE FOR.
CALCULATING. THE VALUES .OF THE
- SYSTEM- EQUATIONS THAT ARE 'TO ‘BE
 MINIMIZED. ONCE THESE VALUES
'ABE{DETERMINED THE SUBROUTINE
" THEN' POSITIONS THEM IN.TWO - ~ "
‘ARRAYS YO.'AND YT. "THESE, AND'
" . THIER STRUCTURES ARE FURTHER
. DESCRIBED IN THE TEXT S

"ff“,SUBROUTINE JAC CALCULATES THE
- ..*THE VALUES. OF ;THE PARTIAL:
~ DERIVATIVES OF .THE:-SYSTEM . nzrwu
-+,  EQUATIONS AND ‘POSITIONS THEM
. ... WITHIN THE..SUBMATRICES. AS . -
- DESCRIBED IN. ‘THE ‘TEXT.IT .
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, .FORMAT(BOX 'PAG E 3"//////////////) L .
- WRITE(6, 5051) P X
:WRITE(6 5071)

FORMAT(25X 'TIME';1X <NUHH)(3X 'NET' 2X))

" WRITE(®6, 5072)
)uFORHAT(30X <NUHH>(3X 'HEAD' 1X))
"HRITE(S 5073)

FORHAT(Z”X 'PERIOD'V<NUMH>(3X 'PLANT'))

,‘- .'
» oL R
. T T ol
. . . :
- .. . < '
=t e e S R T S o e B T P RS PSP LRy PPN
P : a DDA g SRR P
Al - -

PR

,,,,,,,,




g e HE f‘ R
PR s : iy R I
! . . 3 . . "
A -
. e
e - .
. » T
. [4 :
. .19,
) R
. "
[

S

l N .

L SAEIES 'HRITE(G 507&)(NUMBEH(NH) NH= 1 ,NUMH) -/
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. . . )’WRITE(6, 5051)
"’f!t'WRITE(G 5050)

(25x 'TIMEt 1X, <NUMH> (3X, 'RESEVIOR'))

TR T :WRITE(G 5100) DA g *'L-“‘,‘“w;,*:"‘”"“
5100 FDRHAT(3OX ‘P A G E 7' //////////////) o
T WRITE( 6, 5051) . . L ,,wx,*1**-5", .
T -,gg;~:WRITE(6 5101) -~ R I IO

: 5101_-*FORMAT(24X"THE VALUE OF THE COST FUNCTIONS Fon 7. Moo -
S Ty L1 g /1,20%, ' THE' THERMAL GENERATING PLANTS IN ($/®AY)./L

<.~ "2 YARE', //) T :
';“HWRITE(G 5051)
.. DO '5103 ‘NS=1,NUMS | ]

L - " "WRITE(®6, 5102)NUHBES(NS) FCST(NS)
'5102.. ‘ggnugT(/ 2ux 'PLANT NO:' 13, 5X, 'FUEL : COST '9
' 1 2) . . )

5103 - CONTINUE Lo T

WRITE(6, 51ou) ' s

51ou FORM (/)

..»'WRITE(G 5051) : . L : S

- WRITE('6,5050), . LT

$ 5 15%$$$$$$$$$$$$$$%$$$3$$$%$%$$$$$$ s
5% %% . . %%
%1% %% E ND- 0 F . PR I N T 13
153 £3% s E C. T I o N . 1y
%% 1% 1%
233 $%%

WA VA DA VAW W
'l\'tl'.\‘.l'oﬂﬂ

sig111%
8533353
" C3838333
[ CR38358%3
33333133
333313

oﬁnnhd“‘

_ 511%%$$$$$$$$$$$$$$$$$$$%1$$$$$$
Lo GOTO 9999 - e
"“79999 :. CONTINUE TR el R
ol CL0SE (UNIT< 10). . T
., CLOSE(UNIT=6) = . " =% &w T e

i STOP. . ~.,.~-:fw*¢zﬁuzx*f;gtzv'ﬁ R 0 A
:T@'J"HMD Qw.j ujﬁ<'qf;<f“‘aaQ' .ﬁnjufu”'ﬁ T
QL A ‘ e s % ey NI

\ ,«‘,:Gll'll."l.'!...!..l*l.'.'i...I'...l..‘ll..l....'....l..i _-_4"5 .




i) T . Lk

R i e e e - e e T e e D ey

:i e
: o o SR
e 12 . L
» . ) =
. o
g

\
Cuiu;aiiuiiiual SUBROTUT I N E litlgaiﬁilaiii ) :"i' 1;qf
c.!lli!l!lllli! : . "R.ONE - CAERRSARERRRERE : '\iﬁ s
L. o Cllll!Illlllll!lllllIll!l!llllllllllll!ll!lllll!lllll!! - R M
S CLoren . S
- .. . ‘ SUBROUTINE RONE(ALPHAH BETAH GAMAH AZ,AO AT, : T
- e 1 BETAS; GAMAS,GS,CH, BSS.BSH BHH N, KLO K,S, NUMH » : ~ 3

SR \ -2 NUMS, B BHS) ' ‘ o S N
. o . IMPLIGIT. REAL'B (A H o zZ) - SRR B . ST
- : - DIMENSION~KKMUMH)LALPHAH(NUMH) S S PR R
- o . " 'DIMENSION BETAH(NUMH), GAMAH(NUMH) : : . A A
o g " DIMENSION-AZ(NUMH), AO(NUMH) AT(NUMH) S
I .+ .. <« .- "DIMENSION BHH(NUMH,NUMH) S(NUHH) B(NUMH) =~ .
T - DIMENSION BETAS (NUMS), GAMAS(NUHS) BHS(NUMH,NUMS) - ~ -
n o R DIMENSION‘CS(NUHS) BSS(NUMS NUHS) BSH(NUMS NUMH)wu RIS R
T DIMENSION'CH(NUHH) AR R . SEEROUL LU R RIS
’ “;-?f”f(~.”ﬁﬁ.j". REAL'B KLO K. e .,-, o ,-,-_';;;.-v‘,--~_u,,¢, 3 B

SRR D07 100- NH=1, NUMH R - "
LT READ (O, 111)ALPHAH(NH) BETAH(NH) GAHAH(NH
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