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INTRODUCTION :

This study is meant to develop z model to find out the
optimal operating policy for a multipurpose, multi-reservoir water
resources system. The objective is to maximlize hydro-power output
from a five-reservolr system with firm water and flood control as
parameters and the design of the system defined by the storage
capacity, power plant characteristics etc. as fixed constants.

The hydrology used in this study is deterministiec and is defined
by the éritical period. The model is applied to the DVC system to
obtain optimal joint operation policy, for all the five reservoirs,
namely, Xonar, Tenughat, Panchet Hill, Tilaiya and Maithon,which
will maximize the hydro-power production from the system with
certain constraints imposed over it.

Since the problem involves a sequential decision process,
dynamic programming technique (1,2) can be suitably applied; The
conventional procedure, however, calls for a large number of com-
putations involving a great deal of computer time énd storage
requirement. This’difficulty has been significantly reduced by
a new approach known as State Incremental Dynamic Programming
(3). This technique has been used by ¥eh and Trott (4) in
optimizing capacity specifications for water resource systems
and by Hall etal (6) in optimizing firm power output from a two
reservoir system, Shasta and Folsom in the USA., The present
study is an appliéation of this technique to a simplified five-
reservolr system for z given deterministic hydrological input.
| Since the installed capaclty of the hydro-power plants ‘
in the DVC system is only a small fraction of the total instalkd

capacity including thermal and hydro-electrie power, the entire



continuous hydro-power generation has been considered as
firm power. This treatment simplifies the system to an
isolated hydro-power system with interconnected power plants
operating to supply energy to the power grid which always has
the demand for whatever power czn be generazted from thé
hydro-power plants, | .
| Energy losses in transmission lines have been ignored.

No constraint has been imposed on the source of energy which

goes to satisfy the demand.
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THE D-V.C SYSTEM :

- Flgure 1 shows the schematic representation of the DVC
water resources system with its five reservoirs, namely, Konar,
Tenughat, Panchet Hill, Tilaiys and Maithon numbered in that order.
Three of these have varigble heaﬁ power plants with a'total insta-
lled cgpacity of 104 MW. These are connected to the DVC grid which
has three thermgl power plents with a total plant capacity of over-
1000 MW. This, in turn, is connected to the Rihand, Hirakud, West
Benéal, Bihar and Assam grids.

There are two main pargllel water-systems, - one on kKiver
Damodar and the other on its principal tributary, Baiakar. On River
Damoder, the upstream reservoir is at Tenughat (Reservoi; 2) which
supplies water to the Bokaro Steel Complex. 4nother reservoir
(Egservolr 1) on River Konar which is also a tributary to Iiver
Damodar supplies cooling water for Bokaro Thermal Pgower Station.
The releases from Tenughat and Konar, after mseting the consumptive
Tequirements for industrigl and domestic use, enter the downstream
reservoir (Beservoir 3} at Panchet Hill. The present withdrawsl for
consumptive use betweern Konhar gnd Panchet Hill is 3.03 cumecs(1l07CFS3)
oniy, but projected figure of_2;08 cumecs (250 CFS) has been zdopted.
The consumptive requirements for the stee; complex has been tgken
as 82§9 cumecs (300 CF3).

Whereas Konaf and Tenughst heve no power plants at present,
Fanchet Hill has a hydel power station with an installed capacity of
40 Mw.

On River Barakar, the upstregm reservoir (Reservoir 4) is
at Tilaiya with a small power plant having an instglled capacity of

only 4 M. The releases from this reservoir enter the downstregm



reservoir (Leservoir 5) at Mgithon which hags a power plant with
60 MW of installed capacity.

The demand point for the irrigstion water supply of the
combined system is gt Durggpur Barrage which is located downstream
of the confluence of the two rivers, Dgmodar and Barakar. Tpe firm
water contract upﬁo this point consists of requirements of Kharif
irrigation of 393676 hectares (973000 ACEZS) and Rgbi irrigation
for 22253 hectgres (55000 ACRESY of land, industrial and domestiec
requirements for the region below the two upstregm dams, mandatory'
release of 2.83 cumecs (100 CFS) below Durggpur Barrage snd nasviga-
tional requirements during the non-mensoon season. Nominal enroute
losses have been considered during the dry periods only.

| Daﬁa for the reservoirs, power plants and different wgater

requirements‘are shown in Tables 1-2 gnd 18.19.
DYN aMIC PHOGRAMMING:

The three types of variables forming system equations are
the stoge varizsbles, the state variables zné the decision br control
variables. The stzge varigbles determine the order of cceurence of
events in the system. These are the monthly time periods over which
the system 1s operated and defined as the sequence k = 1,2, ......K
starting from the first day of June when the reservoirs have been
taken gt their minimum storesge levels.

The state variables are Si(i=l, 2, 3, 4 or 5y which is the
emeunt of water in storage in each of the five reservoirs at the
beginning of each monthly period. The deeision varigbles are Di,

the smount of water in storage at the end of each monthly period.
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Another set of decision variables can be Ri, the releases from

cach reservoir during cach monthly time periocd. These will be
completely defined by the initial storage, the end storage, inflow

and evaporation losses vhich can be considered as a function of
initial and final storages for each monthly time period.

Taking Si as the state variable and Di as the decision
vafiable for Reservoir i, the state transformation equations can

be written as :
Sik +1 = Dik
(1i=1, 2, 3, 4 or 5 )
(k= 1, 2, eeeece.K )
Where : '
%ggiis the water in storage in Reservoir i at the )

nning of month k,

Di, is the water in storage in Reservoir i at the
end of month k.

If Ri, is the release from Reservoir i during period k, then :~
Rik = Sik - Dik - Eik +Iik

Where : B4

i

Net evaporation losses from Reservoir i deducting

K direct precipitation cover it duringperiod k.

Iik Net inflows into Reservoir i during period k.

Evaporsation losses can be expressed as

2
Where :

EVARiE The rate of evaporation from Reservoir i
during period k.

AREAl= A function giving the area of Reservoir i

as a function of average storage during any
periOdo
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Keeping in view that only Reservoirs 3, 4 and § have

power plants, the objective function camn be written as :

5 K
£ UUi = ma.x?[PRjk. ER{ (k Sik +’ DJ]‘:)J o

1
J =3, 4, 5
Where :
PRjk‘is the release through power plant J during period k.
ERjJ is a function that gives the energy production rate
‘ for power plant § as a function of average storage in
} " Reservoir(i)during any period.

The different constraints are :
(1) Energy Capacity Constraint

£ U3, =( PR &: + D
0 < Ujy =( PR, Qi}s(sjg Jx)

—
<

 ENMAXJ) ( PREMJy, Sdx + Diy )
)

Where :

Uik = A function giving emnergy produced through the
operation of power plant j durimg period k.

ENMAXJj, = A function givimng maximum emergy that cam
be generated at power plant J durimg period k.

Also, O < PRjx & PREMj,

Where : :
PREMjk is the maximum release that can be made through
power plant J during period k.
ENMAXJ, = PRHRS,. CAPAJ (Sjk + Diy )
Where : 2
PRHRS), = Number of hours available during period k
for the production of firm energy.
CAPAJ = A function that gives the mgximum capacity

at which energy can be generated at power
plant J in relation to the average storage

S8ji,. + DJ
( ka k) in any period k.




(2)

Where SSMINL =

)

Where

(4)

(5)

Where

e gl
Reservoir Capacity Constraint:

SMINi < 51, , | € SMAXi,

= The minimum storage level in Reservoir i.

SMAX1

K The maximum permissible storage level in

Reservoir 1 during period k, from flood
control point of view.

Water Availability Constraint

< )
COREi), < Ri, < 81, + 11 - Bl - SMINi

COREik= Compulsory release below Reservoir i

during period k.
Continuity Constraint :
Dik - Sik + Iik - Rik ~ Eik
Downstream Requirement Constraint 3 !

DRMINka R3, + R5k + UR6£5DRMAX K

DRMINk= The minimum downstream requirement during period k.

DRMAXk= The mhiximum permissible flow through the downstream
channel during period k, :

Relesse from Reservoir 3 during'period k 

B3y

Rsk = Release from Reservoir 5 during period k

URG,

Runoff from the catchment bhetween Reservoirs
3 & 5 and Durgapur Barrage during period k,

The recursive equation for maximizing annual firm energy

from a reservoir with a power plant can be written as :

Where

fe 1 Glgar) = max [U3, + £, (53, )]

Djk
Optimum energy generation at power plant from
operation of Reservoir J upto month k following

an optimal poliey to arrive at state &@k in
month ke | '

e (83

Amount of eﬁergy generated at power plant J by
operation of Reservoir J during month k

= PRy, BRI (S * Dly)
2 o

Uj



Since there are five reservoirs 1,2,3,4 and 5 with power
plants at Reservoirs 3, 4 and 5 bnly the recursive equation for
the system will reduce to

fy+ ( Slk+1; 52y419 03k+l, S4y4qs 55p49)

= Max [U3y + U45, + £ ( Sly, 82y, S3j, S4;, S5, )]
Lly

D2,
D3
D4k
D5,
(k =1, 2, vvveeereene.X
~and Si; is taken at the minimum storaéé level).
Where :
U45, = U4y + U5,

SUCCESSIVE APPROXIMAT IONS

The recursiﬁe equation stated above has five state varigbles
and five control variables. Problems of such high dimensionality can
be simplified by successive gpproximations (4) which will reduce
the system to a number of sUbsystems of lower dimensionality inter-
related in space and time. In this method the sequence of optimiza-
tions over the subsystems is mgde to converge back to the‘original
one. With this technique the solution of an n - dimensional dynamie
progrgmming problem can be broken down to the solution of a sequence
of one ~ dimensional subproblems. The advantage is that the requirements
of computsztional time and storage vary.lineafly as n ragther than

exponentiglly.
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4lthough the convergence to the true optimum cannot be
guaranteed in all cases, it can be shown that convefgence is al-
ways monotonic and for certgin classes of problems, convergence
to the true_Optimuﬁ can be rigorously proved. (5).

In this metheod, an initial feasible solution is first
assumed for all the reservoirs. The initial policy, which is tpe
sequence of states through which the systém must pass, will specify
the storages at the beginning and end of each monthly time period
from which the total firm energy output from the gystem can be
computed. After determining the initial policy the problem is
decomposed into a number of subproblems, considering each subproblem
sepérately where state of‘only one reservolr is chagnged at g time
for optimization while the sequénce of states in the other reservoirs
is held fixed. The process is repeated-and itergtive study is made.

In this study, when the states of an upstream reservoir ére_
being veried, the inflows into the downstream reservoirs and the
out flows from them will vary but their states will be kept constant.
Incremental dyngmic programming is applied ove£ the reservoirs
starting with an initigal pelicy which may or may not‘be optimal.
This techniqye will pick up a new seqﬁence of states which is g
fixed increment above or below the initigl sequence of stgtes gnd
is either better than or atleast equal to the originsal one.{(6) This
becomes the initial sequence of states for the reservoirs for the
next itergtion. |

In our problem, first ineremental dynamic programming has
been applied to Leservoir 1 while keeping the states in the other
reservoirs unchanged. This modifies the initial policy in this re-

servoir and the inflows,énd releases for Keservoir 3 and gives a
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better or atleast asn equal velue of the objective function.

The process passes on to LKeservolrs 2, 3, 4 and 5 and then,
again, it comes back to Reserveoir 1. This is continued until there
is no further increase in the firm energy output irrespective of
the reservolr selected. This finagl operstion policy gives the

optimum firm power for the system.
N CHEMINTAL DYNAMIC PROGEAMMING AL GOR ITHM:

The incremental dynamic programming technigue 1s am iterative
procedure which keeps on replecing the initial policy chosen in each
itergtion and solving the problem repeatedly over and over aggin
until cconvergency is obtained. The initial policy must be a feasible
policy which means that the sequence of states in each monthly period
nust Be such that all constraints impcéed over the system are satis-
fied. Starting with such an initial policy for any reservoif, search
for a new poiicy is conducted in order to obtgin either g better
value of the objective function or atleast equal to it. The new
policy to be anglyzed is kept only a fixed emount sbove or below the
origingl policy or at the ssme state as the original policy itself.
The new policy is next considefed to be the originsl policy for the
next itér&tion and the procedure is Trepeated. When the value ef the
objective function converges, no change in the policy produces ewmdsy

any farther incregse in the value of the objective function.

COMPUTATIONAL PLROCZDURDE

Ths stgte 2pd decision varigbles for any rescrvoir during

any period k are allowed to vary by a fixed amount of deviation



K



from the initial policy. This can be represented by 3

i

K
Diy = Siysy = STORIL 4 + (M-2). DALTi, M= 1,2 or 3

Where ¢
STORiy = The storege in HKeservoir 1 in the beginning
of period k as per initial feasible policy.
DELTL = The amount of devigtion allowed from the

initial policy in heservoir i.
Here tne statévarisble is represented by (I) and thae decision
varisble by (M). 4 graphicel representsabtion of this is shown in
Figure 2. It can be seen from this figure that the initial policy
is defined by the state I = 2 and the decision M=2 in eszsch month.
It can glso be seen that there are only three possible states for
a reservoir in éach month and for cach of these three stgtes, there
are only three possible decisions. In all, there agre nine possible
paths, (1,1}, (1,2), (1,3); (2,1}, (2,2}, (2,3)3(3,1), (3,2}, (3,3).
Corresponding to these nine paths for ezch month k, there are only
nine different values of the varigble Ujy.

Cbntrols are applied to find the value of the objective
function corrosponding to esch sequence of states. If a policy is
found infeasible, a penalty value of (-)'999999 is assigned to it
in order that it may get eliminated when the best out of these |
policieé is searched.

The computation starts with a fixed initigl value of storgge
et the beginning of the first btime period. Three different values of
the decision varigble are analysed and the values of the objective
function UUi(I), I =1, 2, 3 are calculgted. This has been illust-

rated in Figure 3.
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‘'With the three'values of UUL(I) corrospohding te I =1, 2
and 3 the next stage 1s entered and the matrix of firm energy
corrosponding to beginning state I and ending state M are cal-
culated. This is expressed as Vi (I,M) and is represented by
Figure -4. Adding UUi(I) and Vi(I,M) together three sets of
values are obtgined corrgspondimg to M= 1,2 and 3. The best out
of each set is picked up and is redesignated as UUi(I), I = 1,2,3
upté stage 3 to represent the energy generatcd through the operg-
tion of RGServoir i uptc month 3 with states corresponding to
I = 1,2 and 3. This process is repeagted upte the last stage ami-
the best vslue of UUi is picked up. The subscripts I and M are
used te trace back the optimum path.

& representation of the system is shown in gigure 5 and
a computer program for g five-reservoir system in FOLTRAN II

is enclosed in gppendix D.
APPLICATION OF THE MODEL:

The model has besn spplied to the.DVC system comprising of
five reservoirs cn kiver Daﬁodar‘and its tributaries, Konar and
Barzkar. The inflow record for all the five reservoirs and the
down stream barrage which is the demand point is for a pericd of
10 years between June 1956 ami March 1966. The inltisl period for
all the reservoirs is defined by the year starting June 1962.

The canal requirements for paddy during the monsoon of 1962 has
been estimgted on the basis of consumptive use, percolation loss ?
and effective precipitation. Canal and outlet ¢fficiencies have

been adopted as 70 and 85 percent respectively.(7)
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The minimum storage levels for the reservoirs are:

6044 hectare metres (49 KAF) for Konar
20970 hectare metres (170 K4F) for Tenughat
17146 hectare metres (139 KAF) for Panchet Hill
7523 Hectare metres (61 KaF) for Tilaiys and
16776 hectare metres (136 KAF) for Meithon.

Maximum storage levels for different months heve been
defined by the flood opergtion policy.(8)

Other relavent datag have been given in Tgbles 1-6.

INITIAL POLICY

The initial pelicy for each reservoir must be s fegsible
policy conslidering the entire system. Also, the policy should be
as near optimal as possible so thalt convergence 1ls obtained with
the minimum number of iterations.

For the upsﬁream reservoirs, Konar, Tenughat and Tilaiya
initizl policy was obtained for the given firm wabter contracts by
a.simple mass balance. The state at the beginning of the first
stage wags taken at the minimum level. Lelease during any period
was equated to the firm water contract -for that period. 4 maximum
possible value of evaporation loss wgs cstimated. The decision
variable was computed as

Diy = 81y + Iiy - Eip - Ri,

If Di, became more than SMAXi,, it was reduced %o SMAXik by
increasing Riy. If it fell below SMINi, it was increassd to SMINi
by decreasing Riy. 4 compuber program in FOMThAN II is enclosed
in Zppendix 4.
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It was found out from this that Kenar Rgservoir (Reserveir 1)
failed to deliver the prescribed amount of water during the critical
period. The firm water contract for this reservoir had te be re-

\\defined as shown in Table 21. Since sufficient water was svailsgble

L

from Tenughst Kesgrvoir (Reservoif 2) to meet the_consumptive use
requirements upto Panchet Hill, the relegse pelicy of this reservoir
was also redefiped.(Tables 20 and 21).

The initial'policy of Tilalys Reserveir, which has a power
plant with it, was refined by Incrementgl dynamic programming consi-
dering this as an isolated.single reservolir’ system. 4 compubter progranm
in FORETEAN IT for optimizagtion of energy generation relevgnt te this
system 1s enclosed in Appendix B. The'refiﬁed initial pelicy has been
shown in Tgble 22.

After deciding the initial policies in the three upstregnm .
reservoirg, the inflows inte the downstresm reservoirs at Panchet
Hill (Reservoir 3) and Maithon (Reservoir 5) and the initial policies
were determined by hand cglculgztion satisfying the constraints due
to continuity, storage capacity, water availability and downstream
requirements. This is shown in Tablps 25 and 26 ,

These ‘initial policies were refined by incremental dynanmic
progragming technique gpplied to optimizaﬁion of power in'single
reservolr systems with combined opergtional comstrgzints. This has
beecn shown in Teble 27.

4 computer program for this computstion 1s enclosed in

Appendix C.

OVELALL OPTIMIZATION

Since Keonar Rgserveir (Reservoir 1) was just able to neset the
redefined flmm wabter contract, any change in its initigl policy

would have resulted in an infeasible policy. For this reason,vthe
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staﬁes in this reservoir were =lways held constant while incrementing
the states of the cther reservoirs in a successive rotaéion. The
computer program for optimization of operations in a five-reservoir
system shown in Anpendix D was slightly modified by removing the
operations relevant.to Reservoir 1. Thus, successive approximations
were conducted thronugh reservoirs 2, 3, 4 and 5 while keeping the
initial policy of Resarvoir 1 unchanged, The inputs and outputs

have been shown in Appendices & and F respectively.

RESULTS ARD CONCLUSION

The total firm power output from the system converged to
248701.78 MdH/YSAR in 14 iterations. This took about 40 minutes
time in an IBM - 1620 machine,

From ﬁbe states of different reservoirs corresponding to
this, the rule curves for the operation of the different reservoirs
shown in Figures 6 -10 were constructed.

The firm power output at the end of different iterations
is shown in Table 29, This shows an increase of about 20 percent
over the initial poliecy which was defined by single reservoir
optimizations, |

This study was a simplified system analysis with assumptiors
already stateds. Further refinement can be obtained by treating the
problem in a stochastic environment rather than deterministically.
Stochastic problems in water resources development cannot, however,
be solved satisfactorily at present time, the principal reason
being that it is difficult to define suitable measures for bisks

and uncertainty and introduce them into the objective function(9J.
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Further, this study was confined to the optimizagtion of
power output only, tresting irrigation, flood control, navigation
etc. as fixed parameters. A comprehensive study must consider

each of these items and optimize for evergll effect.

Further refinement in power output optimization can be
obtagined by considering the entire DV@ power system, or even the

entire grid jolintly with the hydel éeneration sy stem.
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TABLE - 1.

CHARACTERISTICS OF KONAR RESERVOIR

Steragae AT a8

{ KAF ) ( KA )
0 0
80 2.0
100 3.3
160 4.3
20 $.2
260 60
300 6.8

TABLE = 2.

CHARACTERIISTICS OF TENUGHAT RESERVOLR

Sterage - Ar ea . Storage AT a8

C KAF ) (KA CKAF ) (KA)
0 0 480 10 .3
80 261 800 1l.6

100 346 850 12,4
180 8.0 600 13.1
200 @2 €80 13.8
280 72 ) 700 14,9
300 8.1 780 1l6.2
380 : 1 800 15.8
400 10.0

TABLE - 3.

CHARACTERISTI CS OF PANCHET HILL RESERAVOIR
AND POWER PLANT

sterage Ar & Capability Ener gy Rate
( KAF ) - ( KA ) ( MW ) (MWH/KAF )
(o) 0 (o) 0.
80 2e 9 0 )
100 8. 3 35.0 83. O
180 Be. 4 37 .5 62 O
200 9. 8 41.0 3. &
250 .11. 5 4300 730 Q
300 - 13e 4 44..0 T8« B
380 16e 1 44.0 8l. &
400 1s. 8 44.0 84. b
480 18, 4 - 44,0 86. &
800 20.0 44.0 88. §
&560 21l. & 44,0 290. &
600 22 9 44,0 92+ O
6560 - 24, 3 44,0 93. §
7% : 250 9 4400 94{ 5
800 : 2. 3 5

4.4.0 . 96.

Gont'desesee
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Storagd Area Capability Eh'rgy Rate

{ KAF ) (BA) ( Mw ) ( MWE/KAF )
850 31l.1 44,0 97 .0
9200 33. L 44,0 97.0
950 35.2 44,0 98.0
1000 37.3 44,0 98,0
1080 32.5 44,0 98,0
TABLE - 4

CHARACTERIST ICS OF TILAIYA RESERVO1iR
AND JPCWER PLANT

Storage Area Capability Energy Rate
{ KAF ) (Ka) ¢ M7 ) { MWH/KAF )
0 O ¢ @)

80 3. 8 O O
100 Ge 2 2468 375
150 e O 324 45, 2
200 10. 5 3.51 49,2
280 : 12, 4 3e 68 52,0
300 14, O 3e D% 837
380 16. 4 4,00 855. 5

TABLE « 5,

CHARACTER1ISTICS OF MAITHON RESERVO.LR
AND POWER PLANT

Storage Area Capability Energy Rate
( KAF ) , ( K4a) ( M4 ) ( MWH/KAF )

O O O O

80 24 (0] O
100 4,3 0 (o]
l& 508 43.8 75.0
200 Ted 504 82.5
280 2.0 54, 3 88.0
‘300 0.4 57.0 94,0
380 1l.7 58,8 96.0
400 13.0 60 .0 99.0
450 14.2 0.0 101.0
80 15.4 60.0 104.0
550 1l6.6 60..0 10640
600 17.7 600 107.5
650 18,7 " 6800 1085
700 19,7 60 .0 110.0
780 2646 60 .0 11ll.5
800 21,5 60.0 112.5
850 22,4 60.0 1i3.0
200 23.4 60«0 113, 5
280 24,5 60 .0 114,00
1000 . 25,6 0.0 114.5
1050 26,7 0.0 115.0
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TABLE - VG.
EVAPORATION RATE FOR_DIFF BRENT RESERVOIRS

Month Net Evaporation Rete(FEET/MONTH)

KONAR, TENUGHAT PANCHET HILL TILAIYA  MAITHON

Junae  0.58 0.55 0467 0.68 0.4%

July 0432 0.32 0.32 0.34 0.28

August 0.28 0.28 0.28 0.28 0.22

September  0.31 0431 0.30 - 0430 0.24

Octoker | 0.32 0.32 " 0.30 0.30 - 029
lNolvemberI 0.31 "~ 0431 027  0.28 d.28

Decemier 0.28 0.28 Q.24 0.26 0.27

Rnuery 0.28 ~  0.28 0.30 0.28 0.27

February 0434 0.34 0.34 0.38 '0.32

Merch  0.83 0.53 0.56  0.63.  0.48

April 0.67 0467 0.71 0.84 0.62
My 0.75 0.76 0477 0.94 0.66

TABLE - 7.

MAXIMUM STORAGE LEVELS FOR
DLFFERENT RESERVOLRS

Begining of Maximum permissible sterage(KAF)

Month ’
KONAR TENU GHAT  PANCHET HILL TILAIYA  MAITHON
June 228.0 830.0 318.0 176.5 £97.0
July 228.0 830.0 318.0 175.5 597.0
August 298.0 . 830.0 318.0 176,56 - $97.0
Septamber 228.0 : 830.0 318.0 175.% 697 .0
October 228.0 830.0 87640 175.5 910.0
Novenbg  272.0 830,0 876.0 319.4 91049
Decaembear F72.0 830.0 8760 319.4 910.0
January 27240 830.0 . 8760 . 319.4 910.,0
FeWruary 27240 830.0 8760 319.4 910.0
Mar ch 272.0 830.0 87640 319.4 910.0

Mey 272.0 830.0 876.0 319.4 210,.,0




P ™
TABLE % 8.

COOLING WATER REQUIREBMENIS FOR BOKARO THERMAL
STATION FROM KONAR RESBRVOIR +*

Cooling Water Requirements
{ KAF )

Month ( CFS )
June - 480 -/ 2
Aly 450 28
August | 500 31
Septenbder 450 27
October 350 22
Novemser 280 15
Dgcember 180 o
Znuery . 100 3
February 150 8
Mer ch 2850 1s
April 300 18
May 360 22
Cooling requir ement is non consumptive,.
o Projectadconsumptive requir emant beclow Konar upto Pa&nchet
. Hill Reservoir is 260 CFS ( 7,08 cumacs
TABLE - 9.
MAXIMUM RELBASE THROUGH POWER HOUSES
Maximum Releesa Capacity ( KAF )
Month . PANCHET HILL TILAIYA ~  MAITION
Jine 411.30 51.80 428,40
Jily 425,01 53.60 442.68
August 426,01 53,60 442,68
October 425,01 53.50 442,68
No vember 411,30 51.80 428,40
Dacenbar 425,01 83.60 442,68
January 428,01 83.50 442.68
February 383.88 43 . 40 397 .84
Merch 425,01 53¢ 60 442,68

442,68
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TABLE -10,

RUNOFF FROM THE CATCHMENT ABOVE KONAR DAM
Runoff (KAF)

Month - Jines  Jul., Aug. Sept. Oct. Nov. Dac. Jan, Feb. Mer. Apr. May
Y ear |

196657 48 48 e 39 6 2 9 2 3 4 14
1957.68 12 ¢ X 8 6 2 3 & 8 7 & 7
vEs-B9 32 el & 106 2 6 5 5 4 3 7 10
19$9-60 46 120 U 180 10 8 ¢ 4 4 4 10 23
196061 20 44 111 8 49 -3 5§ 4 11 23 0
662 76 126 141 133 108 11 4 4 4 4 4 22
1962-63 23 §7 8 6 23 4 2 2 2 3 4 8
19¢3-64 3 34 83 123 140 1% 5 2 2 1 2 12
196465 31 74 62 61 11 1 1 0 1 0 1 4
1965-66 9 73 @4 3 1 ©o o 2 1 1 1 1

TABLE-11,
TUNOFF FROM THE_CATCHMENT ABOVE TENUGHAT DAM
Runoff (KAF)

Yonth - hne. Jul. Aug. Sapt. Oct, Novs Dec. jan, Feb. Mer. Apr. May.
1956-67 176 29 182 387 1B O O O O 0 0 0
1957-68 26 37 172 9?7 31 0O O O O O O O
1958-59 68 401 332 48 1% 0 0 O 0 0 o0 o
1959-60 108 223 364 42 64 O0 0 0 O O O 0
1060-61 34 223 463 32 193 o0 O O O O O O
V6162 37 448 714 768 3W 0 O O 0 O O O
1962-63 39 265 3% 225 8 0 0 O 0 0 0 0

196364 68 170 260 33 81 © 0 O ©o0 0 0 0
1964-65 93 444 48 414 B2 o0 0 0 0 o0 0 0
1965-66 4 442 117 23 .18 0 0 O 0 0O © 0
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TABLE - 12,

RUNOFF FROM THE EFFECITIVE CATCHMENT ABOVE PANCHET
~ TLLL DRM -

Runoff (KAF)

Month - June, Jule Aug. Sept. Oct, Nov. Dace J2ne Fabe Mer. Apr. May .
Year. .

1956-57 33 347 380 €94 284 134 30 42 1 13 5 10
1967-58 30 117 &5 16 0 9 7 8 8 2 3 3
1968-59 22 131 200 391 32 ¥ 15 22 22 0 o0 1
1059-60 129 530 e 98 1179 16 39 2 6 § 0 0
1960-61 9 210 714 % 295 52 20 1§ 17 0 0 0
1961-62 24 331 669 684 €74 130 37 18 1 5§ 10 0
1962-63 G0 199 /8 237 18 22 2 6 O 0 © 0
1063-64 54 170 150 194 442 106 22 1§ 2 2 1 17
196465 9¢ 389 204 6 122 63 20 15 2 § 22 0
19¢5-66 18 321 493 317 8L 20 7 16 0 0 14

TABLE =« 13

RUNOFF FROM THE CATCHMENT ABOVE TILAIYA DAM
Runeff (KAF)

Month - Juhge Jule Auge Sept. Octe NOv, Decs Jene. Feb, Mar, Apr. Mey,
Year. ‘

1966-57 12 2 19 76 27 3 3 1 3 4 & 8
1967-58 1 8 20 5¢ 8 4 3 3 5 1 9 6
1958- 59 7 49 8 103 3 7 4 13 1 8 8 19
1969-60 4 93 10 87 "106 12 9 8 6 8 §
1960-61 6 34 91 98 34 5 4 10 & 6 7
1961-62 113 122 146 101 110 ¢ 3 3 9 5 8
1962-63 9 85 44 68 66 8 & 1 =2 2 12 9
19¢3-64 12 1 38 62 148 10 1 188 9 6 6 5
1964-65 7 € 3 69 28 3 4 4 4 1 1 1
1965-66 17 46 61 43 7 2 4 3 3 1
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TABLE - 14,

RUNOFF FR0M THE EFFECTIVE CATCHMENT ABOVE
MEITION DAM

Runoff (KAF) '
Month - Jung., Jule AuUge Septe Oct. Nov, Dec., &*n, Feb, Mer, Apr. May.

§se:16‘:57 233 367 320 20 176 92 16 43 4 10 5 0
1957.58 123 642 281 365 1 65 o0 1 o 4 2
105859 34 225 45 518 207 10 8 18 53 0 0 4
1950.69 165 4% 525 505 1406 4% 1 4 6 8 0 10
1960-61 61 224 595 el 342 19 2 3 86 0 o0 4
logl-¢z 124 372 742 512 802 4% 10 4 4 0 9 0
lo62-63 7 15 392 320 165 2 2 2 2 2 2 13
196364 132 273 218 48 1183 70 0 O O 0 & 2
196465 107 43 311 393 1 3 5 0 0 5 4 0
1965-66 16 203 343 383. 3¢ 2 0 14 1 0O 0 1

TABLE = 15.

RUNOFF FROM THE UNCONTHOLLED CATCHMENT BELOW MAITHON °
—AND PANCHRT HLLL DAMS UPTO UURGAPUR BARGAGE' ]

Runoff (KAF)

Month - Junee Jule AUge Septe Oct, NOV; Dece &ne Feb. Mar, @lpr. May «
Y a2l ’ :

105657 O 14 1067 919 3 O O O O O O 0
1957-58 0 632 /2 €87 72 O O O O 0 O O
1958.59 © 288 286 519 242 0 O O O O O O
loso-60 0 177 3l2 6561183 0 O O O O 0 0O
1960-6L © 4 307 280 2% 0 O O O O O 0O
106162 O 210 242 283 338 0 O O O O O 0
106263 O 1la4 250 145 8 O O ©O O O O 0
19634 ©0 1.5 98 12 3% 0 0 0 O 0 0 0
1964-65 © 158 352 23 00 O O O O O O 0
1965-66 O 221 24 217 8 O O O O 0 O 0



Y e2rs

1966-57
1967-58
1968-59
19692-60
1960-61
1961-62
1962-63
1963-64
196465
1965-66

Month

Juna
Ju1y'
hug.
Sept
Oct
Nov
Dec
Jan
Feb
Mar
Apr
May

Total

TABLE - 16.

TOTAL INFLOW IN THE DVC SYSTEM IN DIFFERENT Y EARS

Inflow (KAF)

. KONAR TENUGBAT PANCHET HILL TILAIYA MAITHON DURGAPUR LOTAL

267 1200 1082 197 1895 1266 6807
238 1102 268 238 1425 1563 4934
331 1389 961 320 1536 1289 5826
640 1644 3566 493 3176 2337 11856
382 1229 2079 257 1996 738 6681
636 2547 2598 633 2625 1073 10li2
247 968 959 280 124 62l 4199
470 1334 1324 316 2296 727 6467
237 1611 1176 236 1373 846 5479
211 860 1294 187 1189 788 4529

TABLE - 17.
. MONTHIY RUNOFF FROM EFFECLIVE CATCHMENTS ABOVE
mg’mmWnLWWIW
Runoff (KAF)

KONAR ~TENUGHAT  PANCHET HILL TILAIYA MAITHON  DURGAPUR

23 39 60 9 67 0
57 265 199 55 156 144
59 339 278 44 392 250
60 275 237 68 329 145
23 50 138 56 155 82
4 0 22 8 2 0
2 0 20 5 2 0
2 0 5 10 2 0
2 0 0 2 2 0
3 0 0 2 2 0
4 0 0 12 2 0
8 0 0 9 13 0

247 968 959 280 1124 621
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TABLE « 18.

DOWNSTREAM AEQULAEMENTS DUBING 1962 - 63

Downs tream Requir ements (KAF)

Menth Jung, Jaly. kug. Sept. Oct, Nov, Dec. 2n. Fak. Mar. A;Sr. May .
Purpes e -

Kharif 0 o 177 354 1118 0 O o 0 o0 0 0
Rewi 0 0o 0 0 o o0 7 14 14 14 7 0
Industrial 28 29 29 28 29 28 20 29 2 29 28 2
Mandatory 0] 0 0 0 0 @6 6 e 6 6 ) 6
Navigation 24 0 O 0 O 24 25 24 24 24 25 25
Lesses 6 - - - - " 7 7 1 7 7 6
Total 58 - 29 206 382 1l47 72 80 80 78 80 73 66

TABLE - 19,

WAIER REQUIARMENI FOR PADDY DURING
MONSOON 1962 = 63

Menth Period Tetal sequir ement Rainfell Reinfall é2nal Requir ement
(INCHES) (%) (INCHES) Deficiency (FEEL) - (KAF)
, (INCHES) :
s - 20 1.8 4,0 0 0 0
July 2l - 31 | 3.8 3.8 0 0 0

1~ 10 3.4 2e4 1.0 0140 136

- Rug 11 - 20 3¢5 440 0 0 0
2l - 31 3.8 3.5 Q.3 0.042 41
Sept 1- 10 3.5 09 246 04365 354
11 - 2 345 349 0 0 0
2l -« 30 3¢5 447 0 0 0
1-10 3¢5 0.9 2.6 0.365 354
Oct 11 -« X0 3.4 : 0.0 3.4 0«47, 464
31 3.4 1.2 2.2 0.308 - 300

’ (1) Consumptive use 4 percolation 10ss.



TABLE - 20,

INITIAL POLICY FOR KONAR,TENUGHAT AND TiLALYA
{ FROM MASS BALANCE )

Beginning Storage (KAF)

616.43

Month KON AR TENUGHAT . TILAIYA
June 49.00 170 .oo‘ 61.00
July 49,00 184, 62 65.00
Aug 7 6. 62 427 .87 117 .00
Se pt 10 3. 48 7 45.08 158.00
oct 135.06 825,14 162.00
No v 134, 50 824,82 164,00
pec 121.87 80 1.80 168.00
Jan 10 6. 43 779.31 169.00
Feb 91.03 756.87 17 5.00
Mar 77 « 37 729.52 172.00
ApT ei. 36 698 . 26 166.00
May 49 .00 G62.93 168.00
June 42 .00 166,00



TABLE =~ 221

SEBEDEFINED FIR WATER CONTRACT FOR
RONRE AND TENU GHAT

Month A _ CORE 1 (KAF) | CORE 2 (KAF)
June ‘ = o i3
July 23 | 18
Aug - 3L 18
Sapt ' a7 18
Oct ‘ | 22 .18
Nowv 15 _ 18
Dec s 18
chel 15 18
Feb . - 14 - 22
Mer | . is ' ‘ 23

ApT . 13 | | 25

May ' ‘ ' a . ’ 35



- | 3 37 3=

TABLE - 2Z.

REFINED INITIAL POIICGL FORt TIIAIYA RESEIVWIR

( BY INCHEMENTAL INNAMIC PROGRAMMING ) *

rd

Month Beginniné Storage ( KAF )
June _ 61
wlé _ _ &5
Aug | 1317
Saept 158
Oct . ' . 174
Nowv ﬁ | 174
Dec 170
Jen ' 171
N ,
Fck 127
Mar 108
Apr _ 104
Mey 110
Juna Gi

* Tnergy production = 9957.06 MW / Y BAR
h Tilaiys.

at



TABLE = 23,

INFLOW L8010 PANCHET HILL HEIERVOIR WITH
TNLTLAL PULLGY AT KUNAR AND TBNUGHAT

Runoff from Releds es Consumptive Loss Net Inflow
Month eff ective K1 R2 us ¢

catchment (KAF) (KAF) Steel Industey (KAF) (KAF)

( KAF ) - .- - (KAF) (KAF) - . _
Jne 60 20 | 18 13 15 0 65
Jly 199 28 18 18 16 0 211
hug 278 31 13 18 16 0 293
Sépt 237 27 120 18 15 0 421
Oct - 138 22 4:5 18 18 0 171
NOv o s 18 18 16 5 17
Dac 20 16 B . 18 16 5 15
Jan 5 1le 18 18 16 5 )
Fek ~ | 0 14 a2 17 14 5 0
Mer 0 16 | a3 18 15 o 0
Apr 0 13 25 1B B 5 0
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TABLE - 24.

TNFLOW INfO MALTHUN BESERVUIR WLLH
==={NITIAL POLL({ AT TILAIYA —

Rupnoff from Rele&se Total Loss - Net inflow
Month eff ective from (KAF) (KAF) (KATF)

catchment . Tilaiye . . . -

(KAF) (KAF)

June | 67 1.99 68,99 0.99 68
July 156 . i.o3 167.03 ~ 1.03 . 156
Aug 392 0.78 392,78 0.78 392
Sept 329 ' - 49.25 378425 0425 378 |
Oct 155 53416 208,16 0.16 208
‘Nov 2 9.57 v1:L.37 1.37 10
Dec 2  157 3457 1.57 | -2
&n | 2 . 51.63  53.63 1.63 52
F b | 2 18.33 ' 20.33 1.33 19
Mar 2 . 1l.92 3.92 1.02 2
Apr | 2 0452 2452 0.52 2

May 13 52.82 6582 1.82 64



=3 A0 se—
IABLE - 20,

ROUGH INITIAL POLIG FOf PANCHET HILL RESERVOIR
( HAND COMPUTATION )

-~

gtorage(KAF) Max,Bvaporation Inflow Min. Release’

Month Beginning Bading Loss (KAF) (KAF)

( KAF )% . - . .
June 1B 194 T 65 0
Jaly | 194 318 6 211 81
hug 318 318 | 8 293 285
Sapt a18 610 10 421 19
0ct 610 238 10 | 171 533
Nov - 238 215 : 4 17 38
Dec 215 186 . 4 15 40
Jen 186 123 3 - o 0
Fe® 183 179 4 0 0
Mer 179 173 6 0 0
Apr 173 165 8 o 0
Mey . 185 139 8 0 18
June 139

#* Approximate.

CENTRAL LIBRARY UNIVERSHY OF ROORKEE

PR
t CRAKIE
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TALLE = 26,

ROUGH INITIAL POLIQ FOr MAIVHON RESERVOIR
( HAND COMPUTATION )

~

Storage(KAF) Max.Bvapo Inflow Mine.Relegsae Combined

Month ‘Beginning Bading ration (KAF) (KAF) Releasa
Loss(KAF)y* . - (KAF) w*
June 136 136 3 68 65 | 65
July 136 238 4 156 o 81
Aug 288 - 597 5 392 78 363
Sept 597 851 6 378 118 237
Oct 851 521 6 208 532 1065
Nov 521 488 5 0 38 | 74
Dac 488 403 5 2 82 122
&n 403 369 4 52 82 82
Feb 369 04 5 19 79 79
Mar 304 217 7 ‘ 2 82 82
Apr 217 138 6 2 75 75
Mey 138 136 5 64 61 ‘79
Juna 136

* Approximata.
** Maithon and Panchet Hill
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TABLE - 27.

REFLNED INITIAL POLI X FCR PANCHEI HILL AND MAITHON
( BY INCREMENTAL DYNAMIC PROGRAMMING ) *

P .

Month Beginning Storage (KAF)
PANCHET HILL MAITHON
Junea 139 136
Jly \ 124 -146
Aug 318 ) 2908
Sept 318 597 i
Oct 565 o 876
Nowv h 193 546
Dec ' 170 - 813
R&n 176 438
Faghb | 173 40 4
Mar 169 339
Apr 163 252
May : 155 : 173
Jane 139 ‘ 136

% Bnergy generation &t Panchet Hill = 81002.75 MWH/Y EAR
Buergy gencration a2t Maithon = 116860.60 MWH/Y EAR

-



TABLE - B,

RELEASE FACM THE RESERVOIRS CORROSPONDING TO
THE 1MNLTIAL POLICL (Computer Program in AppéxX.G)

Relaease ( KAF )

Month ~  KONAR  TENUGHAT  PANCHET HILL TILATYA  MAITHON
Jine 20 .00 18.00 6.09 1.99 55445
July 28.00 18 .00 83.24 1.03 | 1.73
Aug 31.00 18 .00 289,07 0.78 89.88
Sept 27.00 190 .00 168456 49,25 94,11
oct 22,00 45,00 538,17 53.16 532,22
No v 15.00 18,00 37.79 9,37 38,48
Dac 16 .00 18.00 7.24 . 1.57 73400
&n 16,00 ~ 18.00 0.73 . 51.63 82.35
Fa® 14.00 22.00 1.53 18,33 80407
Mar 16.00 23,00 2.18 1.92 84,06
Apr 13.00 25,00 3.60 0.52 7616



ITERATION
NO.

14

RESULT OF JOINT OPERATION

-3 44 3.
TABLE - 29,

FIRM ENERQ

(MuH/ ¥ EAR
207820441
217238420
226053, 43
234353, 15
239031, 34
243725.83

243725.,83

)

244745.83

245565+ 41
245350,09
247431.01
247908, 37
248301.927
248627.48

248701.78

DELT 2
(XAF)

100
100

100

E 5 & & & 28

o

(=

DELT. 3
(KAF)

100
100

100

g8 &8 & 8

E 8 b 8 8

%))

DELT.
( KAF )

-

-~

4

100

100

8 8 & 8

E b5 B 8 8

o



APpendix A
w wumPUTER PROGRAM IN RORTRAN IT TFOR
INITIAL POLICY OF EESERVOIR 1 anND 2

( Mass Balanmce J



*¥%

400

100
600
601

497
496

498
499
500

DIMENSIONEVAR(IZ),SMAX(IZ)QAREA(SO)
DIMENSIONRELES(lZ)9CORE(12)981(13)932(13)9AINF(12)9EVAP(12)
READ1IOO s NGBS

READGEO0Os (EVAR(J) o J= lle)o(SMAX(J)»J 1,12)
READ60OOQO» (CORE(J) 9J=1912)s (AINF(J)»J=1+12}
READ6O01s (AREA(L) sL=1sNOBS)

READ6OCs SMIN, STORs DELT

FORMAT(I10)

FORMAT(6Fl042)

FORMAT(8F1042)

S1(1)=STOR

DOS500N=1+12

N1=N+1

RELES(N)=CCRE(N)

AVST=0 401*(S1LIN)+SMAXIN)I+1.0

I=AVST & B=1 $ Il=1+1
EVAP(N)=(AREA(I)+(AVST~B)*(AREA(I1)I-AREA(I}))*EVAR(N)
SZ(N)=51(N)+AINF(N)“RELES(N)
IF(S2(N)~SMAXIN) ) 49694964497
S2(N)=SMAX(N)

S2(N)=52(N)=-EVAP(N)
IF(S2(N)=SMIN)498+499 499

S2(N)=SMIN
RELES(N)'51(N)+AINF(N)“EVAP(N)“SZ(N)
S1(N1)=82(N)

PUNCH6012(S1(K)sK=1913)
PUNCH600 s (RELES(N)sN=1s12)

GOTO400

END



gggemiix B
A COMPUTER P ROGRAM IN B RTRaAN II FOR
INITIAL POLICY OF RESEXRVOIR 4

( Optimal Operating Pelicy Fer a Simgle Reserveir

System Usimg Imcremental Dymamic Pregrgmming ¥




DIMENSIONEVAR(IZ),SMAX(IZ)pAINF(lZ);PREMA(IZ)’PRHRS(IZ)
DIMENSIONAREA(S50)yENGR(50)sCAPA(50)
DIMENSIONAIND(IZoB),STOR(13),UU(B),V(393)9W(3’3)
COMMONSMIN s SMAX s AINF s AREASEVARSENGRsCAPASPREMA S PRHRS
READ6OO s NB®BS
READ6O01s (EVAR(L) oL.=1912)9 (SMAX(L)sL=1+12) s (AINF(L)sL=1912)
READ601s (PREMA(L ) sL=1512) o (PRHRS{L)sL=1+12)
READG6O029s (STOR(I)sI=1s13}).
READ603 s (AREA(K) s CAPA(K)»ENGR(K) sK=19NOBS)
READ604 s SMINsDELTDELDEsDsED
600 FORMAT(110)
601 FORMAT(6F1063)
602 FORMAT(7F1043)
603 FORMAT (6F1043)
604 FORMAT(6F10e4)
605 FORMAT(2F10e4sF20e4)
PRMAX=040
AITER=04,0
800 AITER=AITER+140
K=l $ Kl=K+1 $ U=0.0
S1=STOR(K)
DO101I=1+3
Al=1
S2=STOR(KL)+(AI-2e)*¥DELT
CALLPOWER(S14sS2sKsU)
101 UU(1)=U
DO650M=1,3
650 AIND(K M)=2,
DO500K=2312
Kl=K+1
DO106I=1+3
Al=1
S1=STOR(K)+(AI-24)%DELT
" DO105M=143
AM=M i
S2=STOR(K1)+(AM=24)*DELT
CALLPOWER({S13sS2sKsl)
105 V(IsM)=U
106 CONTINUE
DO107M=1,3
DO1081I=143
108 W(MsI)=UU(CI)+V(IsM)
107 CONTINUE



10

20
150
110
109
500
900

901

303

400
300
200
100

850

UU(1)=-999999e $ UU(2)==999999,
DO109M=1,3

DO1101I=193

IF(WI(MS I)+999999,4)10+20,20
W(Msl ) =—999999,
IF(UU(M)=-W(MsI1)150+1504110
UB(M)=W(MsTI)

AIND(KsM)=1

CONTINUE

CONTINUE

CONTINUE

DO9011I=1,+3

IF(PRMAX~ UU(I)M9009900’901
PRMAX=UUC(I)

M= $ AM=M

CONTINUE
PUNCHéOSgAITER,DELTaPRMAX
STOR(13)=STOR(13 )+ (AM=~24)*DELT
DO903I=1s12

K=12~I+1

$ UU(3)=-999999,

STOR(K)I=STOR(K)+(AIND(KsM)—24)*DELT

M=AIND(KsM)
PUNCH601 s {STOR(K)sK=1+13)
IF(AITER~5418009400400
DELT=DEL
IF(AITER—10.0)800,300o300
DELT=DE
IF(AITER—-1540)80052005200
DELT=D

IF(AITER~204 01800,100,100
DELT=ED

IF(AITER~- 25.0)800,850 850
STOP

END



SUIROUTINEPOWER(SIoSZ KslU)
DIMENSIONEVAR(lZ)oSMAX(lZ’oAINF(lZ)QPREMA(IZ),PRHRS(IZ)
DIMENSIONAREA(5O),ENGR(EO)9CAPA(50)
COMMONSMIN,SMAX9AINF9AREA9EVAR9ENGR9CAPA9PREMA,PRHRS
IF(S1-SMAX(K) 139993995400

399 IF(S1-SMIN)4005401,401

401 IF(S2-SMIN)400s4024+402

402 1F(S2-SMAX(K))14034+4034+400

403 IF(AINF(K)+S51-52)400+4045404

404 AVST=(S1+52)/100e+1e0
I=AVST & Il=I+1 $ B=I
EVAP=( AREA(I)+(AVST-B)I*(AREA(IL)—-AREA(I) ) )*EVAR(K)
RELES=S1~S2+AINF(K}—-EVAP

‘ IF(RELES)400+4055405

405 IF(RELES—-PREMA(K))406+406»407

406 PRELS=RELES $ GOT0408

407 PRELS=PREMA(K)

408 U=PRELS* (ENGR(I)+{(AVST~B)#(ENGR(I1})—-ENGR(I)))
ENMAX=PRHRS(K)* (CAPA(I)+(AVST-B)* {CAPA(IL)I-CAPAL(I}))
IF(U-ENMAX 40954095410

410 U=ENMAX

409 RETURN

400 U=-999999,

RETURN
END



dppendix C
A COMPUTER PROGRAM IN FORTR&N II FOR
INITIAL POLICY OF RESERVOIRS 3 #ND 5
( Optimal Operatimg Policy Fer 3.2 Reserveir System

Usimg Imcfemental DRymamic Pregramming




*3

FSEN

800

301

670

305
306

308
307

DIMENSIONEVAR3(12)sAREA3(25) sCAPA3(25)+ENGR3(25)sAINF3(12)
DIMENSIONAIND(12s3)1»UU(3) sV (3s3)sW(34+3)
DIMENSIONSTOR3(13)sSMAX3(13)sR5(12)sURG(12)
DIMENSIONDRMIN(12) sDRMAX(12) sPREM3(12) +PRHRS(12)
COMMONSMAX3 s SMIN3 s AINF3sDELT3sAREA3sEVAR3 +CAPAByENGR2 sR5sURG s
1STOR3yDRMIN o DRMAX s PREM3 9y PRHRS
READ4 s NOBS s PRM3

READI s (EVAR3(I)s =112}

READ1 s (SMAX3(N)sN=1213)
READl9(AREA3(K)sCAPA3(K’9ENGR3(K)mK l,N@lS)
READ1s (AINF3(I)sI=1512)
READ1s(RS5(I)sI=1312)s(URG(I)sI=1912)

READ2, (STOR3(N)sN=1s13)
READ1s(DRMIN(I)oI=1s12) s (DRMAX(I)sI=1s12)
READ1s(PREM3(I)91=1012)s(PRHRS{I)sI=1s12)
READ1,SMIN3,DELT3

FORMAT(6F1042)

FORMAT (7F1042)

FORMAT(110+2F2042)

ITER=0

ITER=ITER+1

K=l $ Kl=K+1 $ U=0.,0

S$31=8STOR3(K)

DO3011I=1,3

Al=1

S32=STOR3(K1)+(AI~- 2.)*DELT3
CALLRELP3(S531+sS32sKsU)

Uu(Iy=u

DO670M=14+3

AIND(KsM)=2,

DO530K=2912

Kl=K+1

D03061=1+3

Al=1

S$531=STOR3(K)+(AI=2,)#DELT3

DO305M=1,3

AM=M -

532=STOR3(KL)+(AM=2 ¢} *%DELT3
CALLRELP3(S3195S329Ksl)

V(IeM)=U

CONTINUE

DO307M=193

DO308I=1s3

W{Ms I)=UULI)4V(I M)

CONTINUE



10
20
350
310
309
5320

702
701

7G3

400
300
200

100

UU(1)=-999999, & UU(2)=-999999, $ UU(3)=~999999,

DO309M=143

DO310I=143
IF(WIMSI)4+999999,)10520420
WiMs 1) =~99999%.
IF(UU(M)~W(M,1))135035350,4310
UUM)I=W(MsI) $ AIND(KsM)=1]
CONTINUE

CONTINUE

CONTINUE

DO7011I=1+3
IF(PRM3~UU(TI))702s702s701
PRM3=UU(I) $ M=1 $ AM=M
CONT INUE
PUNCH4 s ITERsDELT3+sPRM3

STORZ3(13)=STOR3(13)+(AM=2 ¢ ) *DELT3

DO7021I=1s12
Kel2=I+1

STOR3(K)=STORB(K)+(AIND(K sM) =24 )%DELT3

M=AIND(KsM)

PUNCH2 s (STOR3(N)sN=1513)
IFC(ITER~5)8002400+400
DELT2=50.
IF(ITER-10)80053005300
DELT3=25.
IF(ITER-~15)80052005200
DELTZ2=10.
IF(ITER—-20)80051005100
STOP

END



* 3

399
401
402
403
404

405

300
351
406
407
408

410
409
400

SUIROUTINERELP3(531’5329K9U)
DIMENSIONEVARB(IZ)aAREAB(ZS)sCAPA3(25)9ENGR3(25),AINF3(12)
DIMENSIONDRMIN(12)sDRMAX(12)sPREM3(12) sPRHRS(12)
DIMENSTIONSTOR3(13) sSMAX3(13)sR5(12)sURE6(12)
COMMONSMAXB,SMINB,AINF3,DELT3oAREA3sEVAR39CAPA3 ENGR3 sR5,UR®»

1STOR3 s DRMIN sDRMAX s PREM3 s PRHRS

Ki1=K+1

IF(S31~SMAX3(K))3995399+400
IF(S31~SMIN3)400+4G1+401
IF(S832~SMIN3)400+,402+402
IF(S322~SMAX3(K1))1403+403:400
IF(AINF3(K)+45831~5321400+4049404
AVST3=(S531+S5S32)/100e+1e
J=AVST3 $ Jl=J+1 $ C=J
EVAP“(AREAB(J)+(AVST3~C)*(AREAB(J1)~AREA3(J)))*EVAR3(K)
RELES=S31~-S32+AINF3(K)=EVAP

IF(RELES}40044054405
AINF6=RELES+R5(K)+UR6 (K)
IF(AINF6—=DRMIN(K))400+300+300
IF(AINF6~-DRMAX(K))3519351,,400
IF(RELES~PREM3(K))4062406 s407

PREL=RELES $ GOTO408

PREL=PREM3(K)
U=PREL#(ENGR3(J)I+(AVST3=C)*(ENGR3(JL)-ENGR3(J)})
ENMAX=PRHRS(K)*¥(CAPA3(JI)+(AVST3-C)I* (CAPA3(J1)~CAPA3(J)))
IF(U«ENMAX) 40944095410 '

U=ENMAX

RETURN

=2=999999,

RETURN

END



éggenéix; D

A COMPUTER PROGRAM IN FORTRAN II FEOR
OVERALL OPTIMIZATICON
( Optimal Operatimg Pelicy Fer a 5 Reserveir

System Using Incremsntal Dynamic Pregramming )




*H%

DIMENSIONEVARL(12)sEVAR2(12)+sEVAR3(12)EVAR4(1B)HEVAR5(12)

DIMENSIONAREAL(25) s AREA2(25) s AREA3(25) s AREA4(25) s AREAS (25)
 DIMENSIONGAPA3(25)9sCAPA4L(25)+CAPAS(25)

DIMENSIONENGR3(25) sENGR4(25) sENGRS5(25)

DIMENSIONAINFL(12)sAINF2(12)sAINF3(12)sAINF4(12)»AINF5(12)

DIMENSIONSTORL(13)sSTOR2(13)9STOR3(13)sSTOR4(13)9STOR5(13)

DIMENSIONSMAX1(13)9SMAX2(13)sSMAX3(13) sSMAX4(18)9sSMAX5(13)

DIMENSIONRLI(12)9sR2(12)sR3(12)sR4(123sR5(12)sURE(12)

DIMENSIONDRMIN(12)sDRMAX(12),COREL1(12)sCORE2(12)

DIMENSIONPREM3(12) sPREM4(12) s PREM5(12) s PRHRS(12)

DIMENSIONAIND(1293)sUU(3) sV I(3+3)sRRE12)sW(3s3)

COMMONSMAX 1 s SMAX2 o SMAX3 3 SMAX 4 s SMAX5 9 SMINL 9 SMIN2 s SMIN3 s SMIN4 s SMINS »
1CORE]1 4 CORE2sAINF1sAINF29AINF3 sAINF4AINFS9PELTE2sDELTZ29sDELT39DEL T4
2DELT5 s AREAL s AREA2IAREA3 sAREAL4 sAREASsEVARL sEVARE yEVARB s EVAR4SEVARS
3 ENGR3 sENGR4 »sENGR5 »CAPA3, CAPAL 3 CAPASsR1sR2sR3 9R49sR5sPREM34PREM4
4UPREMS » STOR1LsSTOR2sSTOR33STOR4 ¢ STORS5sURG 9y PRMIN s DRMAX s PRHRS

READLo(EVARL(IVYsI=1912)s(EVAR2(I)sI=1912)9s(EVAR3(I)sI=1,12)

READ1 s (EVAR4G4(I)sI=1512)s(EVARS(I)sI=1s12)

READ1s ( SMAX1(N)sN=1513)

READ1s (SMAX2(N)sN=1s13)

READ1s (SMAX3(N)sN=1s13)

READ> s ( SMAX4(N)sN=1s13)

READ1s { SMAX5(N)sN=1913)

READ2s (AREALI(K) sK=197)

READ2s ({AREA2(L)sL=1518)

READ2s (STORI(N)sN=1s13)

READ2s (STOR2(N)sN=1s13)

READZ2s {STOR3(N)sN=1+13)

READ2y {STOR4(N)sN=1s13)

READ2s (STORS5(N)sN=1913)

READ19(RL(IVsI=1912)9(R2(I1)sI=1912)9(R3(1I)sI=1,12)

READIS(R&(I)sI=1912)s{(R5(1)s1I=1y12)

READ1s (URG6(I49I=1912)

READY s (AINFL1{I)sI=1s12)s(AINF2{I)sI=1312)s(AINF3(I)s1I=1s12)

READY s (AINF4(I)sI=1s12)s (AINF5(I)sI=1512)

READ1s (AREA3(K) s CAPA3(K)sENGR3(K)sK=1422)

READ1 s (AREAG (L) s CAPAG (L) yENGR&(L) sL=1+8)

READ1s (AREAS(K) s CAPAS(K) s ENGRS(K) sK=14s22)

-READLs (COREL1(I)sI=1912)s(CORE2(I)sI=1s12)

READLs (DRMIN(I)s1=1912)s (DRMAX(I)sI=1s12)

READ1 s (PREM3(I1)sI=1912)(PREMG4I(TI)sI=1912)s(PREMS5(1)s1=1412)

READLs (PRHRS(I)s1=1512)
READLsSMINLsSMIN2»SMIN3 s SMING s SMINS
 REAPLsPELT1,DELT2,DELT3,BELT4LsDELTS
READ1,DEL1»DEL2sDEL3sDELL sDELS
READ1,DE1sDE2sDE3sDE4 sDES
READ1sD19D2sD35D4 D5
READ1,ED1sED2sED3sED4 sEDS
READLsELD1sELD2sELD3sELD4sELDS
READ3 s PRM3 s PRM45



WP WN

®©
o
(@

101

650

105
106

108
1C7

10
2C

150
110

109
510

202
901

903

FORMAT(6F1042)
FORMAT(8F1042)
FORMAT(2F20e62)
FORMAT(Fl0e23F20e2 5F10 2)
FORMAT(7F104.,2)

AITER=O0.

AITER=AITER+1e

K=l & Kl=K+1 8§ U=0,.
$11=TOR1(K)

DO101I=1s3

Al=1
S1Z2=STORI(KI)+(AI=24)*DELT1
CALLRELP1(S11+S12sKslU}
VU(I)=uU

BO650M=1,+3

AIND(KsM)=2,

DO510K=2s12

Ki=K+1

DO106I=1s3

AlI=1

Sll= STORl(K)+(AI ~2 )¥DELT1
DO10O5M=1,3

AM=M
S12=STOR1I(K1)+(AM=~24¢ ) #¥DELT1
CALLRELPL(S11+S12sKsU)
V{LsM)I=U

CONTINUE

DO10OYM=1,3

DO108I=1,3
W(MaI)—UU(I§+V(IsM)
CONTINUE -
UJ(1)=-999999, % UU(2)=-999999, & UU(3)=~999999,
DO109M=1,3 '
DO1101=1,3
IF(W(MSI)49999994.)10+20,20
W{Ms1I)})=-9999909,
IF(UU(M)=W({MsI1)15031505110
UUIM)Y=W({Ms1)

AIND(K »M) =1

CONTINUE

CONTINUE

CONTINUE

DO9201I=1+3
IF(PRM3~UU(I)190299029901
PRM3=UU(I) $ M=1 $ AM=M
CONTINUE
STORI(13)~ST®R1(13)+(AM~2.)*DELT1
DO903I=1+12

K=12=-1+1
STORl(K)~STOR1(K)+(AIND(K,M)—2¢)*DELTI
M=AINBD{(KsM)

DO11K=1s12

Kil=K+1
AVST=(STOR1(K)+STOR1(K1))/100.+1.



I=AVST & . 1I1= I+l
EVAP= (AREAL ( 1)+

11 BRibr=2798L (<)

RRK=RR(K}~R1(K? ‘
AINF3({K)=AINF3(K)+RRK
R3(K)=R3(K)+RRK
12 RI1I{K})=RR(K)
K=1 $ K1=K+1 % U=0,0
$521=8TOR2({K)
DO201I=1s3
AlI=1
S22=STORZ2(K1)+(AI=-2}#DELT2
CALLRELP2(S219522sKslU)
201 UUlIY=U
: DO660M=1+3
660 AIND(KsM)=2,
DO520K=24+12
Kl=K+1
DO2061I=1+3 :
Al=1I
S21=STORZ2(K)+(AI=2+)*¥DELT2
DO205M=143
AM=M
S$22=STORZ2(K1)+(AM—~ ~2e ) #DELT2
CALLRELP2(S219522sK»sU)
205 V(I sM)=U
206 CONTINUE
DO207M=14+3
DO208I=1,+3
208 WML I)Y=UU(TI }+VII M)
207 CONTINUE
' UU(1)=-999999e % UU(2)=~999999, $ UU(3)=—999999,
DO209M=143- : B
DO210I=1,3 }
IF(W(M;I)+999999o)30s40940
30 W{Ms1)=—999999,
40 IF(UU(M)—W(MQI})25092509210 .
250 UUMYI=W{(MsI)
AIND(KsM}=1
210 CONTINUE
209 CONTINUE
520 CONTINUE

AlL{I1)=AREA1(I)))*EVAR1(K)
FliK)*EVAP

N~



802
801

803

21

22

301

670

305
306

308
307

50
&0
350
310
309
530

DO801iI=1+3

IF(PRM3-UU(I))802+802+801 ) .
PRM3=UU(I) $ M=1 % AM=M : -
CONTINUE

STOR2(13)=STRR2(13)+(AM~2 ( }*¥DEL T2

DO803I=1+12

K=12~1+1
STORZ2(K)=STOR2(K}+(AIND(K sM) =24 )#DELT2
M=AIND(KsM)

DO21K=1s12

Kl=K+1

AVST—(STORZ(K)+STOR2(K1))/100 +le

I=AVST 8 11=1+1 % B=I

EVAP=( AREAZ(I}+(AVST— B)*(AREAZ(II)“AREAZ(I)))*EVARZ(K)
RR(K)‘STORZ(K)—STORZ(Kl)+AINF2(K)—EVAP
DO22K=1+12

RRK=RR(K)~=R2(K)

R3(K)Y=R3(K}+RRK . -
AINF3(K)=AINF3(K)+RRK N
R2(K)=RR(K) :
K=zl $ Kl=K+1 % U=0.0

$31=8STOR3(K)

DO3011I=1+3

Al=1 ‘

S32=STOR3(K1)+(AI~-2e)*DELT3
CALLRELP3(S31sS32sKslU)

UU(CL)=U

. DO670M=1+3

AIND(KsM)=2,

DO530K=2912

Kl=K+1

DO306I=1+3

Al=1
S31=STOR3B(K)+(AI-2.)*DELT3
DO305M=1,3 :

AM=M
532=STOR3(K1l)+{AM=2« ) ¥*DELT3
CALLRELP3(S312S832sKslU)
V(IsM)=U

CONTINUE

DO307TM=1+3

DO308I=1+3
W(MQI)”UU(I)+V(I¢M)
CONTINUVE

UU(1)=—999999e $ UU(2)==999999, $ UU(3)=~999999,
DO309M=1,3

DO31GCI=193
IF(W{MesI)+999999,3150+60460
W(Ms 1)} ==999999,
IF(UU(IM)=W(Ms1))350+3504+310
UUM)I=W(MsI) $ AIND(KsM)=1
CONTINUE

CONTINUE

CONTINUE



DO7011I=1s3
IF(PRM3—-UU(TI)»}702,702-,701

702 PRM3=UU(I) $ M=1 $ AM=M

701 CONTINUE
PUNCH3 » PRM3
STOR3(13)=STOR3(13)1+{AM=—2¢)*DELT3
DO7031I=1s12
K=12-I+1
STOR3(K)=STOR3(K)+(AIND(KsM) 24 )#DELT3

703 M=AIND(KsM)
DO31K=1+12
Kl=K+1
AVST=( STOR3(K)+STOR3(K1)})/7100e+1e
I=AVST % Il=]+1 $ B=1I
EVAP=( AREA3S(I)+(AVST-BI#¥{AREA3{I1)—AREA3 (1)) )*EVAR3{(K)

31 R3(K)=STOR3(K)—=STOR3(KI)Y+AINF3(K)~EVAP

K=l $ Kl=K+1 $ U=0,0
S$541=5TOR4{K)
DO4011I=1s3
Al=1 .
S42=STOR4 (K1 }+({AI~24 ) *DEL T4
CALLRELP4(S41+542+sKelU)

401 UUCTI)=U

: DO680OM=1+3

680 AIND(KsM)=2,
DO540K=2s12
Kl=K+1 4
DO4061=1+3
Al=1
S41=STOR4(K)+(AI-2.)¥DELT4
DO405M=13
AM=M
542=STOR4(K1l)+(AM=24 ) *¥DELT4
CALLRELP4(S54]1+5423sKsU)

405 V(I sMY=U

406 CONTINUE
DO407TM=143
DO4081I=1s3

408 WM I)=UU(I)+V(I +M}

407 CONTINUE -
UU(1)=-99999%9¢ $ UU(2)=-99999%, $ UU(3)=~999999,
DO40O9M=1,3 '
DO410I=1,3 g
IF(W(M’I}+9999990)70’80980

70 W(Mse1)==—999999,
80 IF(UU(M)-W(M,I))450’4509410

450 UU(M)I=W(Ms1) $ AIND(KsM)=1

410 CONTINUE

409 CONTINUE

540 CONTINUE



DO6011I=1,43
IF(PRM45~ UU(I))6029602,601

602 PRM45=UU(I) $ M=1 $ AM=M

601 CONTINUE
STOR4(13)=STOR4(13)+(AM=2 ¢} ¥DELT4
LO60O3I=1,s12
Ksl2«1+1
STOR4(K)=STOR4(K)I+(AIND(K +sM) =24, ) *%¥DELT4

603 M=AIND(KsM)
DO41K=1+12
Kl1=K+1
AVST—{STOR4(V)+STOR4(K1))/100.+1.
I=AVST $ Il=I+1 S B=I
EVAP=( AREA4 (I)Y+(AVST-B)Y®* (AREA4(I1)—AREAL4(I}))*EVAR4(K)

41 RR(K)=STOR4(K)~STOR4(K1)Y+AINF4(K)—EVAP
DO42K=1s12
RRK=RR(K)=R4(K)
RE(K)I=RS5{K)+RRK
AINF5(K)=AINF5(K)Y+RRK

42 R4(K)=RR((K)
K=1 $ Kl=K+1 $ U=0.0
S551=STOR5 (K)
DO501I=1s3
Al=1 -
S552=STORS(KL)+(Al~-24)%DELTS
CALLRELPS5(S551+552sKsU)

501 UUCI)=U
DO6ICM=1+3

690 AIND(KsM)=2,
DO550K=2s12
Kl=K+1
DO5061=1+3
Al=1
S51=STORS(K)+(Al~24)*DELTS
DO505M=1,3
AM=M
S52=STORB(K1)+{(AM=2« ) %DELTS
CALLRELP5(S519552sK»U)

505 V(1M)=U

506 CONTINUE
DO507M=1+3
DO508I=1+3

508 W(M,I)~UU(I)+V(I,M)

507 CONTINUE
UU(1l) ==999999e $ UWU(2)==9G9999, $ UU(3)==999999,
DO509M=1s3
DO5111I=1+3
IF{W(Me1)4+999999,)905100,100

90 W(Ms1)=~-999999,

100 IF{UU(M)~W(Ms1)$551+5514511

551 UUIM)=WI(MsI) $ AIND(KsM)=I

511 CONTINUE



509
550

592
591

593

51

850
851
852
853

854

855

CONT INUE

CONTINUE-

D05911I=1,43

IF(PRM45~ UU(I))592,592,591

PRM45=UU(1) $ M=] $ AM=M

CONTINUE

STORS5(13)=STOR5(13)+(AM=2 4} #DELT5

D0O5931I=1y12

Ke=l2«~I+1

STORS(K)=STORS(K)I+(AIND(KsM) =24 ) *¥DELTS

M=AIND (K s M)

DO51K=1s12

Kl=K+1

AVST={STORS(K)+STORS5(K1))/100e+1,

I=AVST $ I1=I+1 % B=I

EVAP=( AREAS(I)+(AVST-B)I)*(AREAS(I1)—AREAS(1}))}*EVARS(K)
R5(K)=STORS5 (K} ~STORS{(K1)+AINF5(K)~EVAP
PRMAX=PRM3+PRM45

PUNCH4 s AITER sPRMAX DELTl,DELTZ,DELTB DELT4,®ELT5
PUNCHS5 s (STOR1(I)sI=1+13)

PUNCHS5 s (STOR2(I)sI=1+13)

PUNCHS5s (STOR3(1)s1I=1513)

PUNCHS s (STOR4(I1)9I=1+13)

PUNCHS5 s (STORS(I)s1=1+13)

PUNCH1 o (AINF3(I)sI=1912)

PUNCHL1 s (AINF5(I)sl=1912)

IF(AITER~34)8009850,850

DELT1=DEL1l $ DELT2=DEL2 $ DELT3=DEL3 $ DELT4=DEL4 $ DELTS=DELS
IF(AITER=-641800+851:851

DELT1=DEl $ DELT2=DE2 % DELT3=DE3 $ DELT4=DE4 $ DELT5=DES5
IF(AITER~94)80098524+852

DELT1=D1 & DELT2=D2 $ DELT3=D3 8% DELT4=D4 $ BDELTS5=BS5
IF(AITER~124)800+8535853

DELT1=ED1 $ DELT2=ED2 $ DELT3=ED3 $ DELT4 ER4 $ DELTS=EDRS
IF(AITER-154)8009854+854

DELT1=ELD1 $ DELT2=ELD2 $ DELT3=ELD3 $ DELT4=ELD4 $ DELTS=ELDS
IF(AITER=~204)8002855,855

PUNCH1s(R1(I)sI=1,12)

PUNCH1s(R2(I)sI=1,12)

PUNCH1s(R3(I)sI=1s12)

PUNCH1s(R4(I)sI=14912)

PUNCH1 s (R5(I1)sI=1412)

STOP

END

-
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SUBROUTINERELP1(S11+512sK sU)
DIMENSIONEVAR1(12)sEVAR2(12)sEVAR3(12)sEVAR4(12)sEVARB (12
DIMENSIONAREAL(25)3AREA2(25)sAREA3(25)»AREA4(25)sAREAS (25
DIMENSIONCAPA3(25) sCAPA4(25) s CAPA5(25)
DIMENSIONENGR3(25) sENGR4(25) sENGR5(25)
DIMENSTIONAINF1(12)9sAINF2(12)sAINF3(12)sAINF4(12)sAINF5(12)
DIMENSIONSTOR1(13)sSTOR2(13)sSTOR3(13) sSTOR4(13)sSTOR5(13)
DIMENSIONSMAXL1(13)sSMAX2(13) sSMAX3(13)sSMAX4(13)+sSMAX5(13)
DIMENSIONRL(12)sR2(12)sR3(12)sR4(12)sR5(12)sURE(12)
DIMENSIONDRMIN(12) sDRMAX(12)yCOREL(12)sCORE2(12)
DIMENSIONPREM3(12)sPREM&4(12) sPREM5(12) sPRHRS(12)

COMMON SMAX 1 s SMAX2 » SMAX3 9 SMAX4 9 SMAX5 s SMIN1 s SMINZ s SMIN3 » SMIN4G s SMINS »
1CORE1 yCORE2sAINFL1sAINF2sAINF33AINF4sAINFS5 9sDELTLsDELT2sDELT39DELTSs
2DELT5 s AREAL1 s AREA29sAREA3 sAREA4 s AREA5 sEVAR1 sEVAR2 sEVAR3 s EVAR4 sEVARS »
3 ENGR3 sENGR4 ¢yENGR5 9 CAPA3 3 CAPAL s CAPASsR13R29R3 sR4sR59PREM3 yPREMSG
4PREM5 s STOR1sSTOR2sSTOR3sSTOR4 s STOR53URG6 » DRMIN s BRMAX s PRHRS

Kl=K+1

IF(S11-SMAX1(K}))399,399,400

IF(S11-SMIN194005401+401

IF(S12~SMIN1)4005402+402 ”
IF(S12-SMAX1(K1))403+403,400

IFCAINF1I(K)+S511-512)400+4049404

AVST1=(S11+S512)/100s+1e

I=AVST1 & Il=I+1 $ B=1 .

AVST3=(STOR3(K)+STOR3(K+1))/100e+1e

J=AVST3 $ Jl=J+1 $ C=J

EVAP=( AREAL(I)+(AVST1=-B)* (AREAL(IL)=AREAL(I)))I*EVARL(K)

RELES=S11~S12+AINF1(K)~EVAP

IF(RELES-CORE1{(K))40054054,405

DREL1=RELES~R1(K)

REL3=R3(K)+DREL1

AINF6=REL3+R5(K)+UR6(K)

IF(AINF6-DRMIN(K) 140053004300

IF(AINF6-DRMAX(K) 135053504400

IF(REL3-PREM3(K))406,4065407

PREL=REL3 $ GOTO408

PREL=PREM3(K)

U=PREL¥(ENGR3(J)+(AVST3=C) % (ENGR3(J1)=ENGR3(J)))

ENMAX=PRHRS(K)* (CAPA3 (J)+(AVST3~C)*(CAPA3(J1)~CAPA3(J)}))

IF(U~ENMAX ) 40994099410

U=ENMAX

RETURN

==999999,
RETURN
END

)
)
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SUBROUTINERELP2(S2155225K sU)
DIMENSIONEVAR1(12)sEVAR2(12)yEVAR3(12)sEVAR4(12)sEVAR5(12)
DIMENSTIONAREAL1(25) sAREA2(25) s AREA3(25) s AREAL(25) s AREAS (25)
DIMENSIONENGR3(25) sENGR4(25) sENGR5(25)

DIMENSIONCAPA3(25) sCAPAL{25) yCAPAS(25)
DIMENSIONAINF1(12)sAINF2(12)sAINF3(12)sAINF4(12)sAINF5(12)
DIMENSIONSTOR1(13)sSTOR2(13)+sSTOR3(13) ¢STOR4(13)sSTAR5(13)
DIMENSTONSMAX1(13)sSMAX2(13)9SMAX3(13)sSMAX4(13)sSMAX5(13)
DIMENSIONR1I(12)sR2(12)sR3(12)sR4(12)+sR5(12)sURE(12)
DIMENSIONDRMIN(12) sDRMAX (12) 5CORE1(12) sCORE2(12)
DIMENSIONPREM3(12) sPREM4(12) sPREM5(12) »PRHRS(12)
COMMONSMAX 19 SMAX2 » SMAX3 s SMAX4 s SMAX59SMIN1sSMIN2 s SMIN3 s SMING s SMINS »
1COREL s CORE2,AINF1IAINF2yAINF33AINF4sAINF5sDELTLsDELT2,sDELT3sPELT4
2DELTS5 s AREALsAREA2sAREA3 yAREA4L sAREAS sEVARL sEVARZ sEVAR3 s EVAR4 »EVARS »
3 ENGR3sENGR4 sENGR5 s CAPA3 s CAPA4 3 CAPAS3sR13R23R33R4sR59sPREM3sPREM4
4PREMS5 s STOR1sSTOR2sSTOR3 sSTOR4 » STORS sURE s BRMIN s DRMAX s PRHRS
K1=K+1

IF(S21~-SMAX2({K) 139953994400

IF(S21-SMIN2)400+4019401

IF(S22~SMIN2)400s402+402

IF(S22~SMAX2(K1))403+403,400
IF(AINF2(K)+521~522)400+404404

AVST2=(S21+522)/100e+1e

I=AVST2 $ I11=I41 § B=I

AVST3=(ST@R3(K)+STOR3 (K+1))/100e+1e

J=AVST3 $ Jl=J+1 $ C=J

EVAP=( AREA2(I)+(AVST2-B)* (AREA2(I1)=-AREA2(1)))*EVAR2(K)
RELES=521~-S22+AINF2(K)=EVAP

IF(RELES~CORE2(K) 14004405 +405.

DREL2=RELES~-R2(K)

REL3=R3(K)+DREL2

AINF6=REL3+R5(K)+UR6(K)

IF(AINF6~DRMIN(K) 40053005300
IF(AINF6~DRMAX(K))350+350,400

IF(REL3-PREM3(K))40694065407

PREL=REL3 % GOT0408

PREL=PREM3(K)
U=PREL*(ENGR3(J)+(AVST3<C)*(ENGR3(J1)~ENGR3(J)))
ENMAX=PRHRS(K)* (CAPA3 (J)+(AVST3=C)%* (CAPA3(J1)—=CAPA3(J)))
IF(U~ENMAX) 40954095410 ' '
U=ENMAX

RETURN : .

U==999999,

RETURN

END



¥* 3¢

- 403"

399
401
402

404

405

300
350
406
407
408

410
409
400

SUBROUTINERZLP3(S319S532sKsU)
DIMENSIONEVAR1(12)sEVAR2(12)sEVAR3(12)+sEVAR4(12)sEVAR5(12)
DIMENSIONARZAL(25) sAREA2(25) yAREA3(25) »AREA4(25) s AREA5(25)
DIMENSIONEN3R3(25) sENGR4(25) yENGRS(25)
DIMENSIONCAPA3(25) sCAPAL(25) sCAPAS(25)
DIMENSIONAINF1(12)sAINF2(12)sAINF3(12),AINF4(12)sAINF5(12)
DIMENSIONSTIOR1I(13)sSTOR2(13)+sSTOR3(13)+STOR4(13)sSTOR5(13)
DIMENSIONSMAX1(13)sSMAX2(13)+SMAX3(13) 9sSMAX4(13)9SMAX5(13)
DIMENSIONR1I(12)sR2{(12)sR3(12)5R4(12)sR5(12)sURB(12)
DIMENSTONDRMIN(12)sDRMAX(12),COREL(12)sCORE2(12)
DIMENSIONPRIM3(12) sPREM4(12) 3PREMS(12) 3PRHRS(12)
COMMONSMAX1 » SMAX2 s SMAX3 s SMAX4 9 SMAX5 s SMINL 9 SMINZ2 9 SMIN3 o SMIN&G » SMINS »
1CORE1sCORE2,AINF1sAINF243AINF33AINF4 4 AINF5,DELT1sDELT2sDELT3sDELT4
2DELT543AREAL yAREA23AREA3 sAREA4 ,AREAS EVARL s EVAR2sEVAR3 s EVARA SEVARS o
3 ENGR3 sENGR%*sENGR5,3CAPA3, CAPA4sCAPA53R13R25R3sR4sR59sPREM3 s PREM4 »
4PREM5sSTOR19STOR2sSTOR33STOR4 3 STORS 3UR6 sDRMIN ¢ DRMAX s PRHRS
Kl1=K+1 _
IF{S31-SMAX3(K))399+399,400
IF(S31~SMIN3)40054015401
IF(S32~-SMIN3)400+402+402
[F(S32-SMAX3(K1))403+403,400
IFCAINF3(K) +S31~532140054049404
AVST3=(S31+532)/100e+1e
J=AVST3 $§ Jl=J+1 $ C=J .
EVAP= (AREA3 (J)+(AVST3-C)* (AREA3 (J1)=F/REA3(J)))I*EVAR3(K)
RELES=S531-S32+AINF3{K)=-EVAP
IF(RELES)4004+4054405
AINF6=RELES+R5(K)+UR6 (K)
IFCAINF6-DRAIN(K))4J30+3005300
IFCAINF6-DRMAX (K1) 135053505400
IF(RELES-PRZIM3(K))4065406 4407
PREL=RELES % GOT0408
PREL=PREM3( {)
U=PREL*(ENCR3(J)+(AVST3=C)*(ENGR3(J1)-ENGR3(J)))
ENMAX=PRHRE (K)* (CAPA3 (J)+(AVST3~C)* (CAPA3(J1)-CAPA3(J)))
IF(U-ENMAX) 40994094410
U=ENMAX
RETURN
==999999,
RETURN
END
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SUBROUTINERELP4(S4195429KsU)

DIMENSIONEVAR1(12)sEVAR2(12)sEVAR3(12)sEVAR4(L12)»EVARS(12)

DIMENSTIONAREAL1(25)sAREA2(25) s AREA3(25) »AREA4(25) s AREAS(25)

DIMENSIONENGR3(25)sENGR4(25) s ENGR5(25)

DIMENSIONCAPA3(25)sCAPA4(25) yCAPAS(25)

DIMENSIONAINF1(12)sAINF2(12)sAINF3(12)9sAINF4(18)9sAINF5(12)

DIMENSIONSTOR1(13)sSTOR2(13)sSTOR3(13)sSTOR4(13)sSTOR5(13)

DIMENSTONSMAX1(13)9sSMAX2(13)sSMAX3(13) 9sSMAX4(18)9SMAX5(13)

DIMENSIONR1(12)9sR2(12)sR3(12)sR4(12)sR5(12),URE(12)

DIMENSIONPRMIN(12)sDRMAX(12),COREL1(12)sCORE2(12)

DIMENSIONPREM3(12)sPREM4(12) sPREM5(12) sPRHRS(12)

- COMMONSMAX1 s SMAX2 s SMAX3 9 SMAX4 9 SMAX5 9 SMINL s SMINZ s SMIN3 9 SMIN4 s SMINS o
lCOREl,CORE29AINF1sAINFZ,AINFB9AINF49AINF59DELT&yDELT29DELT3,DELT4’
2DELTS5 s AREA1SAREA2»AREA33AREAL sAREAS s EVAR1 sEVARZ yEVAR3 yEVAR4 sEVARS
3 ENGR3+ENGR44ENGR5 9 CAPA3, CAPA4CAPAS yR19R2sR3sR4sR59PREM3) PREM49
4PREM5sSTORl;STORZ,STOR3sSTOR@sSTORSsURéa@RMIN,DRMAX9PRHRS

Ki=K+1

IF(S41-SMAX4(K) 139993994400

IF(S41~SMIN4) 40054015401

IF(S42-SMIN4)400+4029402

IF(S42-SMAX4(K1))403»403,400

IF(AINF4(K)+541-542)40044045404

AVSTL=(541+542)/100e+10

I=AVST4 $ I1=I+1 $ B=I

AVSTS—(ST@RS(K)+STOR5(K+1))/100.+1o

J=AVSTS $ Jl=J+1 $ C=J

EVAP= (AREA4(I)+(AVST4~B)* (AREA4(I1)—~AREA4{I) ) )I*¥EVAR4L(K)

RELES=S41-S42+AINF4(K)=EVAP

IF(RELES)400+4055405

DREL4=RELES=R4(K)

REL5=R5(K)+DREL4

" AINFE=REL5+R3(K)+UR6(K)

300
350
406
407
408

410
409
411
412
413

415
414

400

IF(AINF6~DRMIN(K))400+300,300
IF(AINF6~DRMAX(K))3505350,5400
IF(REL5-PREM5(K))406,406, 407

PREL=RELS5 $ GOTO408

PREL=PREMS5 (K)

US=PREL* (ENGR5(J)+{AVST5~-C)* (ENGR5(J1)-ENGR5(J)))
ENMAX=PRHRS (K)# (CAPAS (J)+(AVST5-C)*(CAPAS (J1)=CAPAS5(J)))
IF(US~ENMAX)409+4095410

US=ENMAX

IF(RELES~PREM&4(K))41194115412

PREL=RELES $ 60T0413

PREL=PREM4&(K).

U4=PREL¥* (ENGR4(I)+(AVST4~B)* (ENGR4(I1)~ENGR4(1)))
ENMAX=PRHRS(K) ¥ (CAPA4(I1)+(AVST4~B)* (CAPA4(I11)~CAPA4(I)))
IF(UL~ENMAX ) 41494145415 ' .
Ua=ENMAX

U=U5+U4

RETURN

U=-999999,

RETURN

END
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SUBROUTINERELP5(S5155524K sU) ,
DIMENSIONEVARL(12)sEVAR2(12)sEVAR3(12) s EVAR4(12) s EVARS (12)
DIMENSIONAREAI(ZS)9AREA2(25),AREA3(25),AREA4(25),AREAS(ZS)
DIMENSIONENGR3(25) sENGR&(25) s ENGRS (25 )
DIMENSIONCAPA3(25) sCAPA4 (25} s CAPAS (25 )
DIMENSIONAINFL(12)sAINF2(12) yAINF3(12)sAINF4(12)»AINF5 (12}
DIMENSIONSTORL(13)sSTOR2(13)sSTOR3(13) sSTOR4(13)»STORS (13 )
DIMENSIONSMAXL(13) s SMAX2(13) 5 SMAX3(13) s SMAX4(13) s SMAX5 (13)
DIMENSIONR1(12)sR2(12)sR3(12)sR4(12)sR5(12) sURG (12}
DIMENSIONDRMIN(12) sDRMAX(12) s CORE1(12) sCORE2(12) .
DIMENSIONPREM3(12) ¢PREM4(12) sPREM5(12) sPRHRS(12)
COMMON SMAX1 s SMAX2 s SMAX3 s SMAX4 s SMAX5 s SMINL s SMIN2 » SMIN3 » SMIN% s SMING »
LCOREL,CORE2s AINF15AINF2,AINF3 s AINF4» AINF53DELT14DELT25 DELT3DEL T4
2DELT5 s AREAL» AREA25s AREA3 >AREAL s AREAS s EVARL s EVARR s EVAR3 s EVARL » EVARS »
3 ENGR3,ENGR4sENGR5 yCAPA3,CAPA4sCAPAS yR1sR2sR3 sR% s R5sPREM3 s PREM& 5
4PREMS » STOR1sSTOR25 STOR3 5 STOR4 s STOR5 sURG s BRMIN s DRMAX s PRHRS
Kl=K+1

IF(S51-SMAXS5(K) 139953995400

IF(S51=SMIN5)4004401401

IF(S52-SMIN5)40054025402

IF(S52~SMAX5(K1))403540345400
IF(A:NFS(K)+551~352)4oo.4oa.404

AVSTS=($514+552)/100e+1e

J=AVST5 $ Jl=J+1 $ C=J :

AVST4= (STOR4(K)+STOR4 (K1) )/100e+1e0

I=AVST4 $ I1=I+1 & B=I

EVAP=( AREA5 (J)+(AVST5~C) % (AREA5 (J1)=AREAS5(J)) )*EVARS (K )
RELES=S51~552+AINF5 (K )=EVAP

IF(RELES)40054055405

AINF6=RELES+R3 (K)+UR6 (K )

IF(AINF6~DRMIN(K))4005300,5300
IF(AINF6-DRMAX (K} ) 35053505400

IF(RELES~ pREM5(K))4oe,4oe.4o7

PREL=RELES $ GOT0408

PREL=PREMS (K)

US=PREL* (ENGR5(J)+(AVST5~C)* (ENGR5(J1 ) ~ENGR5(J) ) )

ENMAX=PRHRS (K)*(CAPA5 (J)+(AVST5-C)* (CAPAS (J1) ~CAPAS(J) ))
IF(US—ENMAX 40954095410

US=ENMAX

TF (R4 (K) —PREM& (K) 1411 411 +412

PREL=R4(K) $ GOTO0413

PREL=PREM4 (K)

U4=PREL* (ENGR4 (I )+(AVST4~B)* (ENGR&4 (11 )-ENGR4(1)))

ENMAX=PRHRS (K) % (CAPA4 (I )+ (AVST4~ B)*(CAPA4(11)~CAPA4(1)))
IF(UG=ENMAX) 41494140415

Us=ENMAX

U=U5+U4

RETURN

U==999999,

RETURN

END
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INPUT DATA FOR JOINT OPERATION



0655
0e28
0455
0.28
0.57
0e24
0.68
0426
0446
0.27
22840
27240
22840
83060
83040
83040
31840
87640
31840
17545
31944
17545
59740
91040
59740
0«0
0.0
1040
15.8
49,00

91403.

170400
756487
13940
17340
61,00
127400
136.0
40440
20,00
16400
18,00
18400
6409
"Te21
1.99
1457
55445
73400
040
060
2340
260
3940
040
6540
1540
9¢0
50

0432
0428
0632
0.28
0632
0430
‘0e34
0.28
0.28
0627
22840
27240

830.,0
83040

31840
87640

17545
31944

597.0
91040

2e1
1048
1645
49,00
7737
184462
729452
194,0
169.,0
65400
108400
146,0
28,00
16400
18400
18.00
83624
o 73
1,03
51663
173
82435
144,40
- 040
5740
240
265,0
0.0
211.0
- 040
5540
1040

0.28
0.34
0428
034
0.28
0e34
0.28

0.38.

0.22
0e32
22840
2720

8300
83040

31840
87640

17545
319e4

59740
91040

343
346
1166
76469
651le36
42787
698426
31840
16340
117,00
104400
29840
25240
31.00
14400
18600
22400
289407
1e53
078
18433
89488
80407
25040
0e0
5940
240
33940
0.0

29340

040
4440
20

0431
0653
0¢31
0453
0430
0656
0630
0463
0e24
0648
22840
2720

83040
B830.0

31840
87640

1755
31944

59740
91040

443
5.0
1244

103448
49400
745408
662493
31840
15540

158400

110400
59760
17340
2700
16400

190400
23400

168456

2418
49425
1,92
94,411
84406
14540
00
6040
340

27540

0e0
4210
0.0
6840
240

0e32
0e67
0e32
0467
0e30
0e71
0e30

084

0e29
De62
22840
27240

83040
83040

87640
87640

17545
319e4

91040
91040

542
662
13,41
135406
49400
825014
616648
56540
13940
174400
€100
B7640
13640
22400
13400
45.00
25400
538417
360
53¢16
0e52
532622
7616
820
0.0
2340
4e0
500
0.0
17160
0e¢0
5640
1240

Oe31
Oe75
0e31
Oe75
0627
0677
0e28
0e94
0¢28
De66
27240
27240

83040

83060 °

87640
87640

3194
3194

91040
91040

640
Te2
13.8
134450
82482
1930
174400

54660

15.00 -

4400
1800
35400
3779
11.93

937
5282
38448
9707

0.0
0.0
440
840
0.0
0e0

170

0.0
80
9.0

6e8
8el
14,5
12187
801480
17040

170400

51360

9e1
1542

106443

779631

17640

171400

43840
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1344
l6e8
2060
2249
2549
29e3
3361
373
CeO
Se2
105

" 1440
OO0
Le3
Tel
10e 4
130
15 4
177
19,7
21l e5
23 e 4
2566
200
16.0
18.0
18.0
5840
8040
1500060
1550040
411430
425,01
5le8
5345
428640
442 4,68
72040
T4440
4940

15640
5240
00
35,0
4160
4440
4440
4440
4440
4440
4440
4440
44,0
Oe0
2468
351
3694
Oe0
0.0
504
570
6060
6040
60,0
60,40
6040
6040
6060
2840
1640
18360
18,0
29,0
8040
1550040
1550040
425,01
425401
5365
5345
442468
442 468
74440
T4440
17040
10040
5060
1040
540
2.0
1.0
0.0

3920
1940

- 060
5360
68e5
T8e5
8445
885
9260
9445
. 9645
9T7e5
"G8e0
OO
375
4942
5347
OeC

Oe0 -

825
9440
9940
10440
1070
110.0
11245
113.5
11445
31e0
1460
1860
2240
20640
7840
1550040

1400040

425,01
383488
5345
484
442.68
397484
74440
67240
13940

10060

5060
2060
1060
50
20

37840

240
29
564
1145
15.1
186 4
21e5
2443
276
31le1
3542
3945
348
8e5
12.4
1544

2 el
58
‘9.0
11.7
1442
166
1847
2066
224
2445
2667
2740
160
180
2340
38240
8060
1500040
1550040
411430
425401
518
5365
428 ¢ 40

442468

72040
- T44 40
6le0
500
2040
10.0
540
260
le0
Oe0

20840
20
Oe0

375
43,40
44 40
44 40
4440
44 60
44 40
44 40
44 4,0
44 40
00
3el4
368
4400
0«0
4348
5443
588
€00
6040
6040
6040
6040
6040
60.0
2240
13.0
18.0
2540
114760
730
1550060
1500040
425,01
41130
5345
518
442468
428640

74440

72060

13640

1000

500
200
10.0
560
260

100
6440
0«0
6240
73,0
81l.5
8645
9045
9345
9545
9760

98¢0

9840
OeO
4542
5240
5545
0.0
7540
8840
9640
10140
10640
10845
11145
1130
114,0
11540
1540
440
1840
3540
T260
66.0
15000.0
1550040
411430
425401
5148
535
428640
442468
72040
T4440



Appemdix T

JOINT OPEFATION OUTPUT



1.00

170400
679431
139,00
176400
61,00
171.00
136,00
438400
68426
15446
68.00
2400

2400
170400
579431
139400
176400

61,00
171,00
136400
438400

68426

15,85

68,00

2400

3,00
170,00
479431
139,00
176,00

61,00
171400
136400
438400
- 68426

16428

68400

2400

4,00
170400
429431
139,00
176400

61,00
151.00
136,00

90415493

184.62
656487
194,00
173400
65400
127,00
146,00
404,00
212411
50
156.00
52400
99231416

184,62
556 487
194400
173400
65400
127.,00
146400
404400
212411
+ 89
156400
- 52400
107530,88

184462
456487
194400
173,00
65400
127400
146400
404400
212,11
1433
156400
52400
111420456

184,62
406,87
194,00
173400

65400
107400
146,00

217238420
427487
629452

318400 -

169400
117,00
108,00
298,.,00
339400
293417
«69
392.00
19.00

226053443
427487
529652
318400

169400 .

117400
108,00
298400
339400
293417
1617
392400
19,00

234353415
427487
429452
318400
169400
117400
108400
298400
339.00
393437

1.71

392,00

19.00

239031434
377.87
379,52
318400
169400
117,00

88400
298,00

50600
745408
598426
318400

163400
158400

104,400
597400
252400
521429

1.21
378400

2400

50400
745,08
498426
318400
163400
158,00
104400
597400
252400
621450

1.99
378400
2400

50400
645408
398,426
318400
163400
158400
104400
597400
252400
621494

2484
378,00
2400

204,00
595,08
348,26
318.,00
163400
158,00

844,00
597,00

100400
125414
562493
565400
155400
174400
110400
876400
173400
171.56

le73
208400

2400

100400
625414
462493
565400
155400
174400

110000'

876400

" 173400

172601
2476
208400
2.00

100400
525414
362,93
565400
155400
174400
110.00
876400
17300
172448

3486
208400

2400

50400
475614
312,93
565,00
155,00
174,00

90400
876400

100400
724482
516448
193400
139400
174,00
61.00
546400
136400
17446
2627
10.00
64400

100.00
624,82
416448
193400
139400
174400

. 61400

546400
136400
1790
3e47
10400
64400

100400
524482
316448
193400
139,00
174400
61400
546400
136400
18435
LeT7
10.00
64400

50400
474482
266448
193,00
139400
174400

6100
546400

506400
701480

170400
170.90

513,00

50400
801480

170400
170400

513400

50400
501480

170400
170.00

513,00

20400
451480

170400

" 150600

513400

100400

100400

100400

50600



438400

68426
16450
68400

2e21

5,00
170,00
379431
139,00
176400

61,00
131,00
136,00
438,00

68426

16473

68400

2445

6400
170400
379431
139,00
176400

61,00
131400
136400
438,00

68426

16,73

68400

2645

7400
170400
369431
139400
176,00

61400
- 131400
136400
458,00

68426

16478

68400

2445

404400
262426
1455
156,00
52426
115315431

184,62
356487
194400
173500
65400
87400
146400
404400
312441
1,80
156400
52451
115315431

184462
356487
194,00

. 173,400
65400
87400
146400
404,00
312441
180
156400
52451
116217.24

184,62
346,87
194,400
173,00

65400

87400
146,400
424,00
302438

1485

156,00
52451

339400
393460
1499
392400
19435

243725483
327487
329452
318400
169400
11700

68400
298400
339400
393.82

2430
392,00
19.72

243725483
327487
329452
318400
169400
117,00

68400
298400
339,400
393,82

2430
392400
19.72

244745483
337487
319452
318.00
169,00
117,00

68400.

298400
359,00
413,82
237
392400
19,72

252400
622416
"3430
378400
2459

20400
545,08
298426
318400
163400

158400

64400
597400
252400
622441

3481
378400

3420

20400
545,08
298426
318400

163400

158,00
64400
597.00
252400
622441
3481
278400
3420

10400
535408
288,26
318400
163400
158400

64400
597400

- 252400

622e46
3492
378(00
3420

173400
172473
4449

208400

279

50400
425414
262493
565400
155400
174.00

70400
876400
173.00
172499

513
208400
360

- 50400

425614
262493
565400
155400
174,00
70400
876400
173400
172499
5613
208600
3460

10.00
415414
252493
565400
155,00
174400

70400
856400
173400
173404

5425
208400
3460

136400
18460

5451
30,11
bl 445

50400
424482
216448
193.00
139400
174400

61.00
546400
136400

18485

6420

5022

24490

50400
424482
216648
193400
139400
174400

61400
546400

. 136400

6e20
50622
24490

20400

414482

206448
193.00
139,00
174400

61400

526400

136,00

18490

6e35

50622

24490

20.00

401,80

170,00

130400

513400

20400
401.80

170400
130400

513400

10400
391480

190400

130400

513400

50600

50400

20400



8400
170400
359,31
139,00
176,00

61400
131,00
136400
438,00

68426

16,83

68,00

2.45

9,00
170,00
349431
139,00
176400
61400
131400
136,00
438,00
68426
16,88
68400
2445

10,00
170,00
344,31
139400
166600

61.00
126400
136400
448400

68426

16,91

68400

Tel8

11.00
170,00
339431
139,00
166600
- 61400
121,00
136400
458400

117011477

184,62
336487
194,00
173400
6500
87400
146,00
404,00
312441
190
156400
52451
117796445

184,462
326687
194,00
173400
65400
8700
146400
404400
322443
1495
1564+00
52451
118704480

184,62
321487
194400
163400
65400
82400
146400
414,400
322643
1498
156,00
52458
©119097437

184,462

316487
194400

163400
65400
82400

146,00

424,400

245565441
327.87
309452
318400
169400
117.00

68400
298400
339400
4136487

2043
392400
19472

246350409
317487
299452
318,00
169400
117.00

68400
298400
339400
413491

2450
392400
19.72

247431401
317487
2964452
318400
159400
117.00

68400
298400
349,400
413491

2454

392,00

14677

247908437
312487
28952
318400
159400
117400

68400
298400
35900

10400
525408
278426
318400
163400
158,00

64,400
597400
252,00
612449

44,02

378400

3420

10400
515,08
268426
318,00
163400
158400

64400
597400
252400
612454

4el2

378400

3420

5400
515408
263426
318400
153,00
158400

64,00
597,00
242400
617455

4416
378400

3420

5400
510408
258426
318.,00
153400
158400

64400
597.00
242400

1000
415414
242493
56500
155400
174400

70,00
836400
173.00
17304

537
208400

3460

1000
405414
232493
565400
155400
174400

70400
836,00
173400
173,09

5e49
208400
3460

5400
400414
227493
565400
145400

174400

704,00
826400
173400
168410

556
208400
© 3460

5600
395414

222493

565400
145400
174400

7000
816400
173400

2000
414482
196448
193400
13900

174400

651400
506400
136400

28492

650

50622

24490

20600
404482
186448
193,00
139400
174400

61400
506400
136.00

28498

6665

50622
24490

10.00
404482
181448
193400
139400
174400

61400
496400
136400

33499

6672

50622

24490

1000

399.82.

176448
193400
139,00
174,00

61400
486400
136400

10400
381,80

190400
130400

493400

1000
371480

190,00
130400

493400

5,00

366480
200.00
130400

493400

5400
361480

200400
130400

483400

2000

20400

10400

1000



68426
16,93
68,00
12,51

12,00
170,00
334&31
139,00
166400

61,00
121400
136400
458,00

68426

16496

68400

12451

32745
2601
156400
47461
119490697

184,462
311487
194,00
163,00
65400
8200
146400
424400
332447
2404
156,00
47461
119721.92

13,00

170,00
332431
139000
161,00
61,00
121,00
136,00
458,00
66,425
16,97
68,00
10452

14400
170400
330431
139400
161400

61,00
123400

. 136600

453400
66425
16498
68400
10450

186462
309,87
194400
158400
65400
80400
146,00

. 424400
334446
2405
156,00
49,62
119749.95

186462
307,87
194,00
158,00
65,00
78400
146,400
424,00
336647
2406
156400
53662

248

248

248

413493
2.57
392,00
14677

30197
307687
284452

318400

159400
117400
68400
298400
359400
413496
2460
392400
14477

627448
30787
282452
318400
154400
117.00
66400
298400
359400
413496
2461
392400
14480

701478
305487
280652
318400
154400
117,00
64400
298400
359400
413496
2663
392400
14484

617457
4e2l
378,00
3420

5400
505,08
253426
318,00
153400
158400

64400
597400
242400
617,60

Le26
378400

3420

2400
505408
251426
318400
153,00
158400

62400
597400
242400
619460

4428
380402

3426

2400
503,08
251426
318,400

153400

158400
62400
597400
2642400
619461
2429
380402
1429

168413
5463
208400
3460

5400

390e14
217493
565400
145400
174400
7000
816400
173.00
168416
5469

208400

3460

2400
388414
217493
565400
145400
172400

7000
811400
173400
166416

3¢l
208402
leb4

2400
386414
217493
565400
145400
172400

70400
806400
173400
166418

3671
208402

l.64

34402

6480
50422
24490

10600
394482
17148
193400
139400
174400

6100
486400
136400

34405

689
50e22

24490

5400
394482
171448
193600
139400
17200
- 61400
481400
136400

36406

6489
5025
24490

5400
392.82
171448
193.00
139400
172400

61400
476400

136400

36407

6489
48623
24490

5600
356480

20000
130.00

483400

2400
354480

200400
128400

478400

2400
352480

200400
130600

473400

1000

500

5400
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