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ABSTRACT

A computer model is presented for quantifying the
impacts of multipurpose water management policy. The model
is designated for analysis of water availabilities throughout
a river basin over extended time periods. It is capable
of simulating ten daily storage,flow and diversion of water

in a complex river basin system.

The model PISIM-I is synthesized from previosuly

\
existing models. An advantage of this model is its optimi-
zing capability with respect to reservoir opeating rules.

Also PISIM-I is able to simulate institutional dictates

governing water allocation,such as water rights priorities.

For the first time, reservoir factor is introduced to the

reservoir operation model.




1.0 INTRODUCTION

It is often necessary for water resourceé planners and
designers to have some tools to analyse alternate management
strategies and to choose the best possible solution for computer
problems which is difficult to deal within a reasonable time
schedule. The tools such as computer models and data management
systems, provide the means to test the impact of various water
resource policies/rules with reasonable accuracy before they
are actually applied to the specified systems. A computer model
designated as PISM-I that simulates the behaviour of a river

basin system is presented here.

1.1 Purpose and Capabilities

A computer model is selected and modified from the
existing ones to analyse the impact of alternate working rules
and to identify the best, amongst them. The model described
herein is capable of analysing systems of any configuration,
given the specified policy, flow constraints of distribution
components and demand. The level of demand satisfaction dependg
on the storage availability at any instant of time in the
respective reservoirs from where individual users have the
right to draw their share. But, identification of the reservoir
from which the releases are to be made for meeting the deﬁands
and guantity of water that should be stomd depends upon the

user assigned working rules. Even though the model is capable




of allocating water to meet the demands for power,irrigation

water supply is considered to be primary.

o2 Terminology
a) Operation rule
Operation rule is defined as the amount of water
that is expected in each reservoir at the end of time period
and their inter-related priorities in comparison with the
requirements of various demand points of the river basin
system.
b) Hydrologic state
The storage position of the reservoir/system is
known as the hydrologic state. The following three types of
states are considered in the model i) dry state ii) average
state iii) wet state. They are differentiated by user assigned

fractions of reservoir/system storage.

c) Unit reservoir factor (R.F.)

It is the ratio of the available storage and the
indent. Reservoir factor is used to make proportional reduction
in releases whenever storage goes down below the normal
position. This is worked out from the available inflow and

indent.

d) Unit reservoir factor storage
The storage that may be expected in any normal
year after meeting the ident is known as the unit reservoir

factor storage i.e. the storage corresponding to unit reservoir




factor which is the balance storage for any time period under
consideration ( 10 daily, monthly or weekly). The balance
storage is computed as the difference between the cumulative

inflow and cumulative indent.

The cumulative available flow may be calculated as
follows:
i) Calculate the average of ten daily flows from the
available records.

ii) Calculate the average losses or gains between the
point of releaseland the point where a desired
indent is required.

141) Calculate the estimated evaporation losses from the
reservoir. The evaporation is a function of water
spread area and the evaporation rate during that
time. As such it is necessary to find out the
average or probable elevation during each period
of the year. Thus it may not be possible to estimate
the average evaporation loss in volume unless it is
operated for the entire simulation period. Hence
it is required to update this loss after a preliminary
run ( iteration) has been made.

iv) Substract/add the above two items of losses/gains
from the available average flows

V) Convert this available average flow into volume
unit for each period and find out successive totals
starting from end of the water year ( May 31lst )
and working backwards. This is the cumulative

available flow. Similarly cumulative indent on




any reservoir may be worked out. The balance storage that
remains at the reservoir at the end of each period is known

as the Unit reservoir Factor Storage of the ten daily periods.

e) Nodes
Reservoirs and non-storage junctions are represented

by nodes.

f) Links
River reaches and canals are represented by links.
g) Arc

Link that connects any type of nodes is termed as arc.

1.3 Scope

The objective of this study is to provide the water
resource Engineers, who are engaged in multi reservoir oper-
ation study both in the pre and post reservoir storages with
a comprehensive and useful tool for evaluating the impacts
of alternate water management policies on water availabilities
at various critical points in a river basin. Depending upon
the availability and demands, import/export on a seasconal

basis can be determined.

1.4 Hardware and Software

Using VAX-11/780 computer system and VAX/VMS version
3.2 operating system the programme takes 26 seconds of CPU
time to compile. The source file occupies a disk storage
of 75 blocks. For the hypothetical problem shown here it

requires 11 seconds of CPU time to execute the 2 years of

simulation.




2.0 METHODOLOGY AND FORMULATION

The computer model employs the'Out-of-Kilter
Algorithm' to minimize the total cost of flows in a network
of interconnected reservoirs, river reaches and canals. It
diverts and stores water according to the user-assigned
priorities or cost functions. Using the local optimum, the
system is simulated for the period for which inflow and

evaporation data are available.

The general structure of Out-of-Kilter Algorithm
used in Texas Water Development Board River Basin model SIMYLD
is maintained in the present model. The physical water
resources systems are represented as a capacitated flow net-
works. Reservoirs demand points and canal diversion are rep-
resented as nodes while river reaches and canal connecting
node to node linkages. In order to consider demands, inflows,
operating rules along with the physical system link arcs,
initial storage and inflow arcs, end of ten-daily desired
storage arcs, balance of final storage and maximum reservoir
capacity arcs, demand arcs, spill arcs and net balance arcs

are included.

The assumptions made in the model are :
1) All storage nodes and linkages must be bounded from
above and below.

2) Linkages must be unidirectional.




4)

5)

Any reservoir in the system can be designated as a
spill node for losses from the system even though,
spillage is the most expensive alternate.

Reservoir Operation Policies are provided by the user
as desired in storage volume for each reservoir

at the end of each ten daily period throughout the simulation.
The level of demand satisfaction is a func-

tion of water availability at the beginning of the
current time period, water that may be expected during
the rest of the period on a mean year basis and the
indent during the rest of the period of the year to the
controlling reservoir.

Power production is secondary. It is a function of

installed capacity as well as the requirement of water

releascs for other purposes like irrigation,drinking
water supply ete.
r levels for the purpose of power computation and

aporation determination are considered on the

basis during the ten daily period.

Mathematical Formulation
Wwith the given set of constraints (boundaries) of mass

through the network and cost (priority ranks) of flow

through various links, the model sequentially solve the

following linear optimization problem through the Out-of-Kilter

Algorithm.




The objective function is

Minimize

i1 =

if1 3% 1 3

subject to:
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where,
qij = flow from node i to node J
wij = weighting or priority factor per unit of flow
for node i to node j

lij = lower bound on flow in the linkage connecting
node i to node j

uij = upper bound on flow in the linkage connecting
node i to node j

The'Out-of-Kilter Algorithm'is an extremely efficient
Primal- dual simplex algorithm that takes advantage of the
special structure of network, type problem. It is published
by Fulharson,D.R. and Widly (1961). It is commonly used in
the network problems. PISIM-I is developed at the institute
using the version of TWDB's model SIMYLD. The flow chart for
the model is given in figure 1. It computes the hydrological
status on a ten daily basis by considering current reservoir

storage levels and expected mean flow to the reservoirs.

Expected mean flow ( computed from historical flow record)
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includes the flow into the reservoirs and the loss/gain bet-
ween the controlling reservoir and its demand points. Flow
occuring at down stream is also assumed as flow into the
reservoir for the hydrological states ( average,dry,wet)
computation. All or some of the reservoirs within the
system are used for the determination of hydrological state

by performing the following analysis.

N N
R = I S.t h b I, E+l
fed T 1=
where,
Wo= 7 (SUp, t+1)
i=1
N = number of reservoirs in the system
t = current time period
Si e end of period t storage in reservoir 1
r
SUi T Unit reservoir capacity, for the reservoir i
r

and time period t+1

Ii, g = Inflow during the period t+l

The programme uses different maximum reservoir levels with
respect to the time period and the volume that exceeds these
levels will not be available for the next time period.

The user specifies the upper and lower bounds of the
gverage state as fractions of the total sub system unit

storage capacity of each time period.

LB = Xl W
UB = X2 w
where,




LB = Lower bound of average state
UB = Upper bound of average state
Xl = Percentage which defines lower limit of average state
X, = Percentage which defines upper limit of average state

Subsequently, the hydrologic states are defined as :

Dry : R < LB

Average : LB < R < UB

Wet : R > UB

For the above method of calculating target operating rules
for a long period of analysis, three target storage levels
are used. Associated with each one of these hydrologic states
there is a corresponding set of operating rules and ranking

priorities (costs) for meeting the demands at various nodes

and maintaining the desired storage.

The level of demand satisfaction of any node is a function
of the storage position of its controlling reservoir. 1In
order to work out the proportional reduction in supply corres-
ponding to the controlling reservoir storage. The reservoir

factor is used here.

Reservoir factor is worked out as shown below :

S, + F,_,
R.F. = = E
It'
St = last month end ( this month beginning) storage It'
Bow. = cumulative inflow during the remaining period of

the year including the loss or gain between the controlling

reservoir and the demand point and on the reservoir.

10




It' = Cumulative indent on the reservoir during the remaining

period of the year.
For this purpose, the inflow during the rest of the period
(either the meanflow or dependable flow depending upon the

basin character) may be used.

In India most of the river basins assume June to September
as the filling in period and required ( Planned) rleases are
made irrespective of the storage position in the reservoir.
Because of this fact the reservoir factor is pre-set in the

computer programme as unity between June to September.

During planning stage computation is based on the conven-
tional formula using head, discharge, and efficiency of turbine
to be selected. Whereas systems under operations have been
calibrated and tables of power production are prepared (head
versus discharge). This avoids selection and scheduling of
turbines of different capacities working under different heads;
also power interpretation from this table is more accurate.
Therefore, these two options are provided in this model so that
it can be used by water resources planners for both pre and

post reservoir conditions.

PISIM-1 does not evaluate the optimal working rule but
given a working rule it simulates the system and prints out the
details required by the planner/designer to analyse specific
issues. Experience and knowledge of the problem will determine

the users' policy.

11



22 Data Requirement

The data requirement of the model is as follows :

The junctions or nodes of the reservoir system shall
be described by name and number. A node may be a storage
reservoir or a diversion point without any storage. (The diversion
point also will be considered as a reservoir but with zero
storage). For the computational efficiency, reservoirs with
storage are to be numbered first. Their minimum and maximum
storages must be supplied as input data. Similarly it is nece-
ssary to furnish the maximum and minimum carrying capacities
of river and canal reaches (links). The maximum capacities
of river reaches shall be in such a way that it would be able
to carry the spill from the upstream reservoirs/control points
and the reach inflows. The minimum capacities may be zero
unless low flow augmentation for fissi-culture or navigation
are practiced. Should the maximum and minimum boundary
conditions of nodes and links are violated due to insufficient
and excess flow,infeasible solution will result during the
optimization process by Out-of-Kilter Algorithm. The minimum
storage may be the dead storage that has to be maintained
considering power and low-flow augmentation. The maximum
storage will change with time unless the reservoir is over
designed. Any of the reservoirs may be designated as spill
reservoirs. But it is better to designate the last reservoir
to analyse the seasonal loss from the system unless serious

problems arised in the carrying capacity of the upstream

12



rivers or canals. The area-capacity elevation tables a re

provided for power and evaporation loss computations.

Operation rules are provided as the relative priority
ranks of meeting the demands and desirable storage levels of
various nodes to decide the optimal release for the time period
under consideration. Since the optimization technique used
here is a minimization one, lower the rank number higher will
be the priority assumed. Thus the rule used in this simulation
is based on ten daily operating criteria in terms of th; unit
reservoir storage that is desired to be in the reservoir
at the end of each period for each of the dry,wet and average
states.

Two options are provided for the power computation.

If power computation has to be performed on the basis of
conventional method as it happens during planning stage discharge
versus tail water elevation table and head versus efficiency

are required to be given as input. If power production cali-
bration is done on the turbine ( which is generally done for
systems under operation) head-discharge-power table may be
given. Thus for any head versus discharge, a double inter-

polation is made to pick up the power generated.

The expected cumulative inflow as per mean year oOr
dependent year and indent during the rest of the year ( in volume
unit) are to be furnished. The mean or dependent year's(in terms
of ten daily distribution inflow and the unit reservoir factor

storage are also to be provided for each reservoir subsequently.

13




The inflow and demand (unit reservoir factor demand)
data for all the junctions for the entire simulation period
shall be given as input,node by node.

Demand data given here should be the maximum requirement
for the period at the intake points. This data may be in any
units but conversion factor has to be fed to convert this flow
data into the storage (volume) unit. Evaporation rate during
the simulation period has to be given for the storage nodes in
the ascending order. The unit should be in such a way that
evaporation rate multiplied by area given in the elevation

capacity table should yield in capacity/storage (volume unit).

2.3 Analysis

PISIM-I simulates the system with a set of operation
policies in terms of desired storage and demand priority. To
differentiate the dry,average and wet conditions the unit
reservoir factor storage is used. The normal practice adopted
to demarcate different zones ( dry,wet and average hydrological
states) are invariably assigned to arbitrary fraction of the
total capacity of the reservoir ( system of reservoirs) to the
entire year irrespective of the time period under consideration
But, in this model, the status is identified through unit
reservoir factor storage of each time period.

The actual maximum storage adopted for a particular season
depends upon the user assigned variable maximum storage capacity.
Since, most of the reservoirs are constructed for conservation
requirements as well. During the high flow periods flood

regulation is also considered for the safety of the down stream

14




control points as well as for the safety of the dam itself.

The upper bound of the demand arc is the demand pres-
cribed by the user, provided the reservoir factor in unity.
Otherwise this value is computed by finding out the controlling
reservoir factor (R.F.) and multiplying it by the user presc-
cribed demand. But,wherever surplus waters are available at
the downstream of the reservoir, which could be diverted to
meet the maximum demand of the season the upper bound of the
demand are relaxed to meet the user prescribed maximum demand
rather than allowing it to spill from the system.

Since the time lag for routing the flow is not consid-
ered and the average flow for the period is adopted, the
selection of the time period should be as small as practicable.
Keeping in view, the cost of computation a ten daily schedule

is adopted.

2.4 Advantages and Limitations

The model is capable of simulating the water storage,
transport and distribution morphology of a river basin system
to a very high level of resolution. The reservoir factor that
is an important criteria to decide on the level of demand
satisfaction is included for the first time in the river basin
management model to monitor any likely critical period. The

use of variable maximum levels avoids the possibility of over

estimation of yield.




Another feature of this model is its quasi-opti
mizing capability which enables it to include, very
satisfactorily the quantifiable aspects of institutional
structures governing stream diversion, water storage
and exchange. This will facilitate to incorporate
any changes caused due to the inclusion of any future

developmental activity in the system.

The power option provided by the model,
facilitates the quantification of power production
both in the planning stage and operational stage. Two
types of option viz., conventional method and

interpolation method for power computation are provided.

However, the model gives priority for the
water releases from the reservoirs for the irrigation

requirements over the power demand.

2.5 Appendices

2.5.1 Computer Programme

16
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RIVER BASIN SIMULATION COMPUTER FROGRAM
FOR IRRIGATION AND POWER OPERATION
IRRIGATION RELEASES ARE RASED ON RESERVDIR FACTOR
NATIONAL INSTITUZ OF HYDROLOGY ROORKEE
COMMON/CONTRL/KINy KOUT-KAPE1 s KAPE2: KAPEZ s KPNCH
OFEN(UNIT=1,RECORD SIZE=120,5TATUS="0LD'(FILE="10D,DAT")
DFEN(UNIT=20,FILE="NN, RIN' » FORM="UNFORNATTED s STATUS="NEW*)
OPEN(UNIT=3,RECORD SIZE=132,8TATUS='NEW’+FILE="0UT,DAT")
READ(1511) KIN2KOUT:KAPEL
FORMAT(10X,813)

CALL CARDS

CALL outt

CALL DATAL

CALL SETNET
CALL OFRATE
CALL DUTZ
CLOSE(UNIT=1)
CLOSECUNIT=20)
STOP
END

SURROUTINE DATAL

INTEGER RCAP:RMINsFSTART)RLAD:RLONsACTAR»DEM» DEMR ) OFRF 2 SFy
1CHAXCMINsSTART (UREG

COMMON/CONTRL/KIN:KOUT s KAPEL

COMMON/FARM/NI s NRES s NJUNC s ML s NCoNYEAR s NI NG TYEAR INFH TITLE(20)
INR
COMMON/WRKD/START (200 s STENDI 207, USEC20) s UREG(20) s TSHTH(209 263y
1TSPIL(20+364) sAREAX(20) sEVPT(20) o ANAX(20) ) ANIN(Z0) » IAREA(20)
CONMON/PRNT/ICAP(20536513) s TOTLS(20,20,38)
COMMON/RESY/RNAME (202} tRCAP (20) sRMINC20) (FETART(20) ¢ IVCAFL20)
1yNPRES(20) sACTAR(20+2052) s OPRR(3220+36) » OFRF (3210} 5 8F (20)  IEK
2(20) rDENR(20+3) 1 DEMD (205 34) 1 EVAP(20,36) 1 U(20736) s DIMP (36) # INPRT
IARF{15236) s AREG (361 RYCAF (205 38) s HUF (20)
COMMON/LINK/LNODE(200+2) yCHAX(200) s CHINC200)
COMMON/CONFAC/AVRGLO»AVRGHT s CONFLO, COMDREN s CONINF » CFCT s NSRS
1LRULE, JESVOL (20)
COMMON/RFAC/NODMP (15) sNADMF (155 15 EXDUT {15236 »FAC(15:36) » TAVEF
1(15¢37) 1 NRFEXINF (1535} 75T (15¢38)

COMMON/DEMON/NEKON(20526)

DIMENSION IVOL(20)

DNIMENSION W(20520536)sD(20520536)2E(20520536)
EQUIVALENCE(W(1e1ed) s ICAP(1e1r1))

REWIND KAPE1

READCKIN:11) (O(W(TadoK) oK=1236) s I=15NYEARD 5 I=15NJ3 s

17



Lo

199

10CCDLTr JeK) K=1:34) $ I=1 NYEARD v J=1N1)
READCKING12) (({E(IsJyK)oK=1536)2I=1oNYEAR)» J=14HRES)
FORMAT(12F8.3)

FORMAT(12F8,0)

DO 5 I¥=1:NYEAR

WRITECKAPEL) ((U(TYs JaK)oK=1536)p J=1oMdY s ({IHTY s Lok aK=1224) 5
1J=1NE) s (LECIY s JeK) 1K=1936) + J=1 ¢ NRES)
YPE 11s ((H(IYyJoK)oK=15368) 5 =1sND 5 CCOCTY s Jak) o K=1034)
J=1 N e (CECTY 5 JyK) e K=1136) # J=1NRES)
CONTINUE

REWIND KAPE1

RETURN

ENTRY DATAZ

READ(KAPELY (U oK) aK=1534) y J=d M 1)y ( (MEMONC 1o K I o Ki=19 340
1J=1 e N) o {(EVAP(JoK) 1K=1536) + J=1+NRES)
CONTINUE

N0 & J=1sNJ

DD & K=1,34

UKD =0 S K RCONINF
DEMON(J7K)=DEMON(J¢K)XCONDEN

CONTINUE

RETURN

ENTRY RULE{MON)

TSUBMY=0.0

WTRSYS=0.0

IF(NRES.EQ.0} GO TO 10

PO 8 JN=1,NRES

TVOL(IH) =0

DO 7 KN=1,NSRS

TFCINLEQ, JESYOL (RNY ) TUOL(IN)=1
TSUBMY=TSUBMX+ST (N, HON)YEIVOL ( IN)
ITEMF=START (INYHAREG (N}
TEMP=FLDAT{ITEMF)
WTRSYS=WTRSYS+TEMPRIVOL L IN?

CONTINUE

CONTINUE

LRULE=1

XHAX=TSURMX¥AVRGHI

XMIN=TSUBMX¥AVRGLOD
IF(WTRSYS, LT, XMIN)LRULE=2
IF(WTRSYS 6T XMAX) LRULE=3
IF{AVRGLO,LE,0,0) LRULE=1
IF(AVRGHI(LE.0,0)LRULE=1

RETURN

END

SUBROUTINE AREA(X,Y)

18




2

10
11

INTEGER RCAPsRMIN:FSTART RLADLRLONsACTAEDEM, DEMR, OFRFACF
COMMON /CONTRL/KIN:EOUT-KAREL

COMMON/PARN/NI s NRES s NUUNC s ML s HE < NYEAR NI NS TYEAR s INF TITLEC20) 4
1NR
COMMON/RESY/RNAME (205 2) RCAR (203, ERINI 20} «FSTARTI 20 IVCAR(20)
1sNPRES(20) rACTAR( 20,204 2) OFRRIZ, 20, 240 f DPRFT 10} ,BP(20) 1 DEY
2(20) yDEMR(2053) s DEMD 205 34 ) s EVAP (20, Tad o (20, 28 IIHF{T4)  THPRT
JARF(15:34) rAREG(34) sRUCAP (20 34) (MR (20}
COMMON/WRKD/START (20)  STENDC20 ), USE (201 s UREE T 200 s ISHTHI2G 160
1ISPIL(20¢36) rAREAXC20Y s EVPT(20)  AMAX (200 s AMIN{ 20} ¢ TARERL DD
INTEGER X(20),Y(20)

IF(NRES.EQ.0) GO TO 11

0 10 J=1sNRES

Do 5 I=1.18

IFIX(-ACTAR( D 102)) 25345

CONTINUE

Y{J)=AMAX(])

GO TO 10

Y{J)=ACTAR(Js 151}

G0 TO 1C

X1=ACTAR( s 1 2)-ACTAR( L I-1,2)

Y1=ACTAB(JsI+1)-ACTABC s I-151)

X2=X{)-ACTAR( 1, 1-1,2)

XI=(X2/X1)3Y1 _

Y{J)=ACTAR( Js I-1,1}+IFT¥(X3)

CONTINUE

CONTINUE

RETURN

END

SUBRDUTINE OUT!
INTEGER RCAPsRMINsFSTART)RLADsRLON» ACTAR, DEM» NEMRs OFRFSFs

1CHAX s CHIN

COMMON /CONTRL/KIM:KOUTSKAPEL

COMMON/PARM/N. s MRES s NJUNC s NL s NC s NYEAR NI NSy TYEAR INP s TITLE(20)
INR
COMMON/RESU/RNAKE (20521 sRCAP(20) »RHIN(20) s FSTART(20 ) IVCAF(20)
1rNPRES(20) 1ACTAB(20+20+2) yOPRR(3+20+36)0FRP (3510} rSF(20) s DEN
2(20) s DEMR(2053) s DEMD( 201 36) 2EVAF (205 38) 2U1 20,341 » DINF (34)  INPRTs
JARF(15,34) 2 AREG(34) rRUCAP (204 34) sMUF (20)
COMMON/LINK/LNODE (20052} CHAX(200) s CKIN(200)
COMMON/CONFAC/AURGLO s AVRGH ¢ CONFL O CONDEM: CONINF ¢

1CPCTs NSRS LRULEy JESVOL(20)

COMMON/POW/ NROW(S) sNCOL(S) sF(5225:25) sEATAR(S) 18y 2) s THTAR (S 18920

IPLTAB(G:18:2)
AHNET(3455) sFOIS (342 5) s CELE(3425)»CTUL (385502 ROW(S2 250

1COL(5¢25) rAREACTS ) HYDL(20)

COMMON/RFAC/NDIMP{15) :NADMP {15, 15) s EXOUT (15,3602 FAC(15,36)  TAVER (15,37}

19




i

13

15

1+NRFYEXINF(15¢36) ¢ST(15,36)

DIMENSION COND(3Z)

DATA COND/AHAVRGr4HDRY +4HWET /

WRITE(KOUTs11) TITLE

FORMAT(//7////725%y 'RIVER BASIN SIMULATION FROGRAM

il X% NATIONAL INSTITUE OF HYDROLOGY ¥¥k’//25Y:2084)
BRITE(KOUT, 130N s NRESsNL s MR TYEAR S NYEAR

1ND NS+ NRF r IHP

FORMAT(//25Xs "NUMBER OF NODES =",I5

1:14Xy ‘NUMBER OF RESERVOIRS =',I3//25Xs NUMBER OF

1 LINKS ="»I5s11Xs’NUMBER OF RIVER REACHES ="s13y//

110X, “CALENDAR YEAR OPERATION STARTS =/#ITs7X:

1'NUMBER OF YEARS TO SIMULATE =»I3//18%, ‘NUMBER OF DEMAND NOD
2ES ="yI5,13X:'NUMBER OF SPILL NODES =‘¢I3//11X¢’ND OF RESERV’:
1DIRS WHERE R.F USED='sI5,23X, INFORT NODE =»13)

WRITE (KDUT:15)

FORMAT(// /10X “NOOE NO, “ 53Xy 'NODE NAME 4%y Q(1H-1»

17 CAPACITIES ‘»P(1H-)»5Xy'YEARLY'110Xs 'TUREINE’ /34X, 'MAXINUN  MINIMUM
1 STARTINGs5Xs 'DEMAND'»SXs 'CAPACITY IN M.W')

D0 3 J=1eNJ

IF(J.NE,20)60 TOD 5

WRITE (KOUT¢11) TITLE

WRITE(KOUT» 15}

WRITE(KOUT»17) Js (RNAME(Js 1) 5 1=122)5RCAP(J) s RMINC 1) s FSTART! 1) s DEM( 1) 5
1HKFP (J)

FORMAT (/10Xs 135 BX 22842 4X- 21105 1%, 110532 I8 8X-15)
WRITECKOUT»11) TITLE

WRITE(KOUTs19)

FORMAT(//10Xs *SYSTEM CONFIGURATIONs//10Xs"LINK NO.’y4Xy 'FROM
1 NODE’s5Xs’TO NDDE’$7Xs'MAX, CAPACITY’s4Xy’MIN, CAPACITY')
00 10 L=1sNL

IF (MOD(L,20),NE.0) GO TO 10

WRITE(KOUT:11) TITLE

WRITE(KOUT»19}

WRITE(KQUT»21) La(LNODE(LsT)sI=15222CHAX(L) sCHIN(L)

FORMAT (/10X s 2X s I29 12Xy I12¢ 12X s [2:9X s 110+7X:110)

WRITE(KQUT»23) (SF(I}sI=1,NS)

FORMAT(///10X¢*LIST OF SPILL RESERVOIRS - ‘s14I3}
WRITE(KDUT,25) IMPRT:DIMF -

FORMAT(//10Xs "YEARLY IMPORT QUANTITY = 4I8//10%,

1710 DAILY IMPORT DISTRIRUTION - AR5, 2+ /20445 12F5,2/))
WRITECKOUT,24) (JESVOL(I):I=1:NSRS)

FORMAT{(//10X+'SUB-SYSTEM OF RESERVOIRS ‘,1415)

WRITECKOUTs24) AVRGLOsAVRGHI

FORMAT(//10Xs "AVERAGE DEFINED' AS BETWEEN'»F5,2," ANDY,

1F5.2:* FRACTION FULL OF SUBSYSTEM®)

WRITE(KOUT»22) CONFLOsCONINF»CONDEN

FORMAT(//10X, "FACTORS "/ /15X«

1/MULTIPLY LINK CAPACITIES BY ‘»F8,3//15Xy ‘MULTIFLY INFLOWS RY
1 vevenes “eF8.2//15Xs "MULTIPLY DEMANDS

20
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32
33

35

40

41
45
43

46
47

120

210

125
205

130

IBY PrEREE '!FS.Z)

WRITECKOUT,11) TITLE

WRITE(KOUT»27)

FORMAT(//40Xy"10 DAILY DEMAND DISTRIBUTION’,53X»" ¥ RANK %'»
171Xy "NODE NO.'#35X:’ 10 DAILY PERIODS,S8X:’ AVG DRY WET'/}
WRITECKOUT»29) (Js (DEMDCJsK) sK=134) s (DEMR(Js 1) 5 1=1933 9 J=15NJ)
FORMAT(3Xs 120 2Xs 18F8,2/17X ¢ 18F4,2:3X5314)

WRITE(KOUT»11) TITLE

HRITE(KOUT,31)

FORMAT(//2X» 'RES ND,'33X'DESIRED 10 DAILY STORAGE LEVEL
1(PERCENT FULL)'/}

RO 32 J=1sNRES

IF (MOD(J,8),EQ.0) WRITE(KDUT,11)

HRITE(KOUT +33)Js (CONDCL) r (OPRRCLrJeI) rI=1¢348) rOPRP(LsJ)} sL=1+3)
FORMAT((3Xs1293XsA4 X2 18F6,2/15Xs 16F 6,25 1Xs14) /{BX2A45 31 18F 8,2
1/15Xs18F6,2¢1X14))

WRITE(KOUT,25)

FORMAT(//40X, ‘RESERVOIRS AREA - CAPACITY TABLES '//)

K=0

N2=0

K=K+1

Ni=N2+1

N2=Kxé

IF(N1,BT,NRESIN1=0

IF(N2,GT.NRES) N2=NRES

IF(N1,ER.O) GO TO 46

IF(K.GT.1) WRITECKOUT,11)

WRITE(KOUT»41) (KRSsKRS=N11N2)

FORMAT(6X»4(6Xr ‘RESERVOIR NO.’212)/1Xy/POINT’ 46(5Xs“AREA’
151Xs2Xs ‘CAPACITY'))

DO 45 NPT=1,18

WRITE(KOUT+43) NPTy ((ACTAR(IN:NPT2K)»K=152) 4 JN=N1sN2)
FORMAT(2Xy I2¢2X04(1921X:110))

=N 10 40

CONTINUE

CONTINUE

WRITE(KOUT,120)

FORMAT(/10X, "ELEVATION AREA TABLE'/10X»21{1H¥))

B0 205 I=1,NRES

IF(NPRES(I).LT.0) B0 7D 205

WRITE(KOUT,210) I

FORMAT( /23X, 'RESERVOIR NOL‘»14/)

WRITECKOUT,125) ((EATAB(IsJrK)sK=1s2)sJ=1,18)

FORMAT (4X»2F10,1,4X,2F10,154X52F10,1)

CONTINUE

WRITE(KOUT»130)

FORMAT(/10Xs ‘TAIL WATER LEVEL DISCHARGE TABLE’/10X»32(1HK))
DO 215 I=1sNRES

IF(NPRES(I).LT.0) 60 TO 215

WRITE(KOUT,210) I

21




213
225

112
115
116
114

176

184
180

185

190

192

195

250

194

WRITE(KOUT»125) ((TWTAR(I»JoK}sK=152)sJ=1518)
CONTINUE
FORMAT (/10X "HEAD-DISCHARGE POWER TARLE IM M.W FOR RESERVOIR:’,14/)
DD 114 N=1sNRES ;
IF(NPRES(N)) 114,113,114
WRITE(KOUT»223) N
WRITE(KOUT»230)
FORMAT (60X “HEAD")
WRITE(KOUT,112) (ROW(N,L)oL=1,NROW(N))
WRITE(KOUT,235)
DO 114 J=1sHCOL(N)
FORMAT(1X» ’DISCHARGE” )
WRITE(KOUT»115)  COL(MaJY o (F(NyT5.0) I=1 s HROUIND )
FORMAT(13X,8F10.,2)
FORNAT(1XsF10,2y2Xs8F10,2)
CONTINUE
CONTINUE
WRITE(KOUT,174)
FORMAT(//15Xy ‘CUMULATIVE INDENT ON RESERVOIR FROM JUNE 1 ST'/15X,40
1(1H¥) /20X, ' (TABLE STARTS FROM JAN 1 5T)'/)
0D 180 I=1sNRF
WRITE(KOUT,210) I
WRITE(KOUT»184) (EXOUT(Iyl)yJ=1234)
FORMAT(1X+12F10,1)
CONTINUE
WRITE(KOUT,185)
FORMAT(//15Xy "CUMULATIVE AVAILABLARLE INFLOW FROM JUME 1 ST*/15X,40
L(1H¥} /20Xy (TRBLE STARTS FROM JAN 1 ST))
0D 190 I=1sNRF
WRITECKOUT,210) I
WRITE(KOUT»184) (EXINF(IyJ)yJ=1,34)
CONTINUE
WRITE(KOUT»192)
FORMAT (//15Xy 'AVERAGE FLOW INTO THE RESERVOIRS‘/15X»32(1H¥))
DO 195 I=1/NRF
WRITE(KOUT,210) 1
WRITE(KOUT,184) (ARF(I+J)sJ=1,36}
CONTINUE
WRITE(KOUT»250)
FORMAT(/16Xy* NORMAL STORAGE FOR UNIT R.F//186Xs27(1H¥)/}
DO 19§ I=1:NRF
WRITE(KOUT 210 1
WRITE(KOUT,184) (ST(I:MON):MON=1:34)
RETURN
END

SURRDUTINE OUT2(IY)
INTEGER RCAF »RMIM»FSTART»RLADsRLONsACTAR, DEMs DEMR:OPRFSSP
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1

14

16

17

18

20

25
26

COMMON /CONTRL/KIN:KOUT 1KAPEL
CONMON/RESU/RNANE (202 2) sRCAR{20) JRNIN( 201, £3TARTE 205, TUCAR(20)
1¢NPRES(20) ACTAR{ 20+ 2012) DPRR {32201 34} +0FEE 13,1055 (20)  DEN
2200 DEMR(20,3) y DEMDA 209 36) s EVARI 200 321 030,34 L THE T4} TNPRTS
IARF (15:36) rARES (36) (RUCAP (20174 ) (HUE 120

COMMON/PARM/N s NFES NJUNC s NL + 90 NYEAR < NI ME o TYE 4% T8, TITLE (201,
INR

COMMON/PRNT/ICAF (20+36:13)TOTLE/20:20: 3¢
COMMON/LNKFLH/LNKFLO(200¢37) 1 LNKAFL (200 37) o LNENY 1 200,27
COMMON/POH/ NROW(S) sNCOL(S) oF (5255250 s EATAR(S1 18520  TUTARI S, 124205
1PLTAB(5¢18+2) ¢

{HNET(3655) sFDIS(365) s CELE(26+5) LTHL(3625) RON(S:25) s

1COL(5+25) 1AREA(34+5) HYDL (20)

COMMON/DPL/DLX {50550 sDILX (50+5 1« ILY(5025) s DOLY (50552 s AP (502501 AB(50:5) »
1POWR(50:5)

COMMON/RFAC/NODNP (15) s NATMF (155 15) EXOUT (15345 FAC{ 15, 36) s TAVEF (15,37
1sNRF rEXINF {15:34) ¢ST(15,34)

COMMON/DEMON/DENON( 20, 36)

ICALYR=IYEAR-14]Y

KTD=0

TYPE %2 (NPRES(I)I=1,NRES)

D0 30 J=14N/

TF(MODCJs2) ,EQ,1,0R,J,EQ, 1) WRITECKOUTy11) TITLE,IY,ICALYR
FORMAT(//20X:20A4//5X* STNULATION YEAR’I3+5Xs CALENDAR

1 YEARSIS)

IF(J,GT.NRES) GO TO 25

WRITEC(KDUTs14) Jy (RNAME(Jy1)s1=1,2) sRTAP () +RHIN(D)
FORMAT (/21X “RESERVOIR ND'rI3¢2Xr20414X, ‘HAX, CAPACITY’¢18:

12)s ‘HIN, OPERATING FOOL’:I8)

WRITE(KOUT 16

FORMAT(/5Xs " INITIAL” y4¥» 'UREG’ s 2Xy "UPSTRM’ 49 /SURFACE "y

121 "EVAP” 14Xs ‘EVAF DOWNSTRM’ ¢ 9X» ‘DIVERTED” 11X, ‘DIVERTED” s

225 'SYSTEN' 9 1Xs “END PER’2XyOPERTG 34y ‘RF '3 4X» ‘ACT' /1Xs "PERIT
ISRORAGE INFLOWS SPILLS DEMAND ARER RATE  LDSS  g¢

AILLS SHORTAGE INTO  OUT  LOSS COMTEMT  RULE',8Y,’DEMD}
DO 17 MON=1:34

WRITE(KOUTs18) MONs (ICAP(JsMONs 1) 1=1+5) sEVAF (JoHON) » (ICAP
1(JrMONe 1) 11=6113) FAC(Js MON) s DEMON(JyHON)

FORMAT(1Xy 12+ 1Xs 5I8s 1XFS, 201X, 15, 218+ 181 415:F 7.3, 1XF2,0)
WRITE(KOUT¢20) (TOTLS(JsIY+T)¢T=2¢4)y (TOTLE(SoIYs ) 1280 11)  TOTLE
10J51Y513)

FORMAT(/SXy 'YEAR TOTALS ’+3F9,0,15%,3F9,0+FR, 0:2F9,058X:F10,0)

60 TO 30

WRITE(KDUT»26) Js (RNAME(Jy1)s1=152)

FORMAT(/21Xs " DENAND NODE”» 13¢2Xs284//21Xs “MONTH' 19X+ * DEMAND

135Xy 10H SHORTAGE ;5 “UREB, FLOW’ »4Xy "ACT , DEND’)

DO 27 MON=1:36

WRITE(KOUT»28) MON»ICAP(JyMONy4) s ICAP(JMON:8) 5 ICAF(JsHON:2) s IEMON
1(JsNON)

FORMAT(21Xs 137X, 110, 205Xy 110) 18X F9,1)




29
30

7

-

-
35

14
¥ )

32

WRITECKOUT,29) TOTLS(JeIYr4)sTOTLS( e IY B) TOTLG(JoIY+2) s TOTLE
103y1Y413)

FORMAT(20X»’ YEAR TOTALS's4(F10,0,5X))
CONTINUE

WRITE(KOUT«11) TITLE,IY»ICALYR
HRITE(KOUT,32) (I:I=1+NL}

FORMAT (/10Xs ‘LINK ND‘+7110/4Y,'PERIOD’)
[0 35 L=1sML

LNKFLO(L,27)=0

D0 31 I=1.34
LNKFLO(Ly37)=LNKFLOCL s 37)4LNKFLO(L 1) /34
CONTINUE

CONTINUE

b0 34 I=1.3¢

WRITE(KOUT38) I, (LNKFLOCLyI)sL=1sNL)
HRITECKOUT, 27 (LMKFLO(L:37)sL=14NL)
FORMAT( 10X "AVERAGE "+ 7110)

FORMATLEX 1247471100

CALL FOW

RETURM

END

SUBRDUTINE 0UT3

COMMON /CONTRL/KINSKOUT:KAPE!

COMMON/FARM/N I NRES M IUMC s NLyNCo NYEAR s NIy NG TYEAR TMPS TITLE220)
LKE

COMMON/PRNT/ICAP (205345130, TOTLS (205204 34)
COMMON/LNKFLE/LNKFLO(200+27) sLNKAFL {2002 37) o LNKMX(200+37)
DIHENEION AVE(2),XMA(2)

DIMENSION DNA(2)

DATA AVEZTAVER' s "AGE /2 XMAZ/MAXT s /HUM '/

DATA DMA/NODE . 'YEAR'/

IPTOR=0

IFTOU=0

IPTO0I=0

IFTCD=0

TFTOE=0

IFTOL=0

IPTO6=0

IFTOAD=0

00 4 KY=1sNYEAR

WRITE(KOUT,11) TITLE,DNA(2)KY,DNA(L)

Do 4 J=1:NJ

WRITE(KOUT»12) Jo(TOTLS(1sKYsN) sN=152) s TOTLS(JoKY14) s

LTOTLS(JrKY+8) » TOTLS(JeKYr8) o (TOTLS(JoKYoN) sN=11¢12) s TOTLS(JrKY13)

D07 J =1 NJ
WRITE(KDUT,11) TITLESINA(1)»JsDNA(2)
D0 & KY=1:MYEAR

24
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11

BRITECKOUT, 120 KYo (TOTLE(IsKY N sN=152) s TOTLE( 15KV d) s
ITOTLSE e KY By s TOTLE(FeKY 1 8) 5 (TOTLS{JeKY o N) e N=11512) f TOTLEC s KY ¢ 13)
IFT2R=IFTORYTOTLS ( JsKYs 1)

IFTOU=IPTOUHTOTLE (JoKY,2)

IFTOD=TFTOMTOTLE (LS KY 1 4)

IFTRS=IPTOSHTOTLS (JrKY8)

IPTOE=YFTOE+TOTLS(JsKYs6)

IFTOL=IPTOL+TOTLS(JeKYr11)

IPTOG=IFTORHTOTLS (1KY, 12)

IFTOAD=IFTOAD+TOTLS(J:KY 13}

CONTINUE

YRITE(KQUT:13) IPTOU> IPTOD, IPTOS, IPTOE, IPTOL, IFTOAD
IFTOU=IFTOU/NYEAR

IFTOD=IPTOD/MYEAR

IPTOS=IPTOS/NYEAR

IPTOE=IFTOE/NYEAR

IFTOL=IFTOL/NYEAR

IPTOAR=IFTOAD/NYEAR

WRITEZKOUT,14) IPTOU,IPTODSIPTOS, IPTOE,IPTOL,IPTOAD

IPTOR=0

IFTOU=0

IPTOD=0

1FT08=0

IPTOE=0

TPTOL=0

IPTOG=0

IPTOAD=0

CONTINUE

XY=100000

WRITE(KOUTs11)TITLE,IINAC2) 2 KY s DNA(2)
FORNAT(///77/20Xs2084// ¢ 20Xy ' STMULATION PERIOD TOTAL SUMMARY BY
1 's44,18//55%:04," START, STRG, UNREG, FLOW DEMANDS
1 SHORTAGES EVAPORATIOM SYSTEM LOSS ENDING STRG. AC.DEMAND’)
00 15 KY=1,NYEAR

B0 10 J=24N

00 8 N=1,13

TOTLS{1sKY s N)=TOTLS(15KYs M) +TOTLE( JsKY s N)

CONTINUE

CONTINUE

WRITE(KOUT+12) KYs(TOTLS1KYsN)oN=1:2)5TOTLE(1sKY 4)s
1TOTLS(1¢KY¢B) o TOTLS(1sKYr4) ¢ (TOTLS (1KY ¢ N) oN=11s12) 4 TOTLS(1+KYs13)
FORMAT (5Xs1458F13.0)

IPTOB=IFTOR+TOTLS(1:KY 1)

IFTOU=TPTOUHTOTLE(1sKY,2)

IFTOD=IFTCO4TOTLS(1¢KY4)

IFTOS=IPTOSHTOTLE(L:KY8)

IPTOE=IFTOE4TOTLS(12KYs6)

IFTOL=IPTOL4TOTLE(1,KY11)

IPTOE=IPTOGHTOTLS(1,KYr12)

[PTDAD=IFTOAI4TOTLS (15KY,13)
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13

13

14
16

n

CONTINUE

WRITE(KDUT»13) IPTOU»IFTODsIPTOS, IFTOE, IPTOL, IPTOAD
FORMAT(//6Xs 'PERIOD TOTALS'#3X¢511313X, 113}
IFTOU=IFTOU/NYEAR

IPTOD=IFTOD/NYEAR

IPTOS=IPTOS/NYEAR

IPTOE=IPTOE/NYEAR

IFTOL=IPTOL/NYEAR

IPTOAD=IFTOAD/NYEAR
WRITE(XOUT,14) IPTOUsIPTOD, IPTOS, IFTOES IPTOL, IFTOAD

FORMAT(//4X: ‘PERIOD AVERAGES’s3Xs5113¢13X,I13)
FORMAT (/20X 2044/20X ' STMULATION

1 PERIOD’+1Xs2A4,1Xy’ 10-DAILY FLOWS'//1Xs’LINK NO'3X» 7(8X,12)
2//SEARON NO 1)

oo 20 I=1+34

IF(1,EQ.1) WRITE(KOUT 18)TITLESAVEs (LsL=15NL)
WRITE(KOUT 17T+ (LNKAFL(LsI)sL=1sNL)
FORMAT(4Xs 421Xy 7110}

00 24 I=1,36

IF(IEQ 1) WRITECKOUTs16) TITLEsXMAs (LsL=1sNL)
WRITE(KDUT#17) I»(LNKMX(LeI)sL=1sNL)

RETURN

END

SUBROUTINE SETNET
COMMON /CONTRL/KIN:KOUTrKAPE1

COMMON/PARM/NJsNRESsNJUNC s NL s NCs NYEAR s THP TITLE(20) MR
COMMON/L INK/LNODE (20012} : CHAX(200) y CHIN(200)
COMMON/ADATA/NARC s NMAX s FESTBL s NTINE
1sNT(400) (NF{400) 1HI(400) sLO(A00) FLOWCA00)COSTLA00)
op 5 L=1sNL

NF(L)=LNCDE(L,1}

NT(L)=LNODE(L,2)

CONTINUE

NARC=HL

N=pt1

1 7 K=tsiJ

NARC=NARC+1

MF{NARC)=N

NTINARC)=K

CONTINUE

N=HJ72

D0 9 K=1:eNJ

NARC=NARC+1

MF (NARC)=K

MTINARC}=N

CONTINUE

00 11 K=1sNJ
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15
20

HARC=HARCH
E(NEC K
HTINARC)=N
CONTINUE

M= 15T

0o 17 K=1oMd
HARD SHARCH
HT(NARC)=N

NF INARC) =K
CONTINUE

N=H 4+

IF (NRES,ED,0) GO TO 20
D0 15 K=1:NRES
NARC=NARC+1
NT(NARC)=N

NF (NARC) =K
CONTINUE
CONTINUE
NMAX=NJ45

NF (NARCH ) =NJ42
NT (NARC+1 )=NMAX
NF (NARCH2) =NJH
NT(NARCH2) =NMAX
NF (NARCH3) =NJ43
NT(NARCH3)=NMAX
NF (NARCH4)=NMAX
NT(NARCH4)=NJH
NARC=NARC+4
RETURN

END

SUBROUTINE SUPERK

COMMON/ADATA/NR rNNsFESIBLNTIME s

1NA(400) sNF(400) » JSAVE(400)» ILD(400) sNC(400) » ISAVE(400)
COMMON IWV(100),LABL(100) NODE(100) sMIDL(100) KDS(400)sHIR(400)
COMMON JWV(400) sNSAVE(100)

LOGICAL FESIBL

MAXA=200

FESIBL=/TRUE.

INFIN= 100 000 000

IFLOW=0

KLAE=0

KFOT=0

KERK=0

IP=0

NUNS=0

IPL=0

NR2=NRX2
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HNL=N |
F(NTZHE,BT,1) 60 T0 12
D05 I=1sMNE
HIDE(1)=0
5 LABL(1)=0
10 10 M=1sMR
N=HANR
I=NF (M)
J=HACH)
IFLON=NC(H)
KOST=ISAVE(H)
NODE{T)=NODE(1)41
HODE(J)=NODE (1241
NANI=1
KOS (H)=K0ST
KOS (N)=-K0ST
NC ()= JSAVE (M)-TFLON
NC{N)=IFLON-TLON)
10 CONTIMUE
10 11 I=1sMM1
11 NSAVECD)=NODE(I)
60 T0 1401
12 D0 13 I=1:MN1
NODE(1)=NSAVE(I)
13 LABL(D=0
10 14 ¥=1:MR
NEMENR
IFLON=NC ()
KOST=ISAVE (M) $K0S ()
KOS{H)=K0ST
KOS(N)=-K0ST
NC(4)=JSAVE (M) - IFLO
NC(M)=IFLOW-ILOCH)
14 CONTIMUE
1401 CONTINUE
KL=t
D0 15 K=1:NN1
JK=NRDE(K)
NBDE{K) =KL
JHCK)=KL
KL=JK$KL
15 MIDL(K)=KL-1
D0 20 L=158R
LL=LHR
=NA(L)
I=NA(LL)
KOST=KOS(L) |
K=NC(L) ‘
LB=-NC(LL)
HAIN=2

28
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29
30
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32

34
33

%
42

a4

45

"

44

n
3

wn
7ol

M/ LA A N
Gd Mg LN B

i5

MIRROR=2

IF(KDST) 29:29:30
IF(K)32,32,31
IF(LOY3G,36¢ 31
MAIN=1

IF(KDST) 33,34, 34
IF(K) 35936:36
IFCLOY3G, 36,38
HIRROR=1

GO TO (43:44):MAIN
IT=J00(I)
MIR(IT)=L
JWVCIN=TT4

G0 TO 45
TI=NIDL(T)
MIRCIIN=L
MIDLAT)=TI-1

&0 T0MA4+47) 1 MIRROR
TT=Jguin
KIR(IT)=LL
AVLI=1TH

GUETR 20

TI=MIDL (Y
MIR(IT)=LL
HIALE=11-1
TONTINUE

Hi=INFIN

NR2=NR¥2

10 1000 MAIN=1sNR
MATNM=MEIN+NR

N 1000 ®ORE =12
G0 TO (529530 MODE
II=HATN

JZ=HATNM

G0 T 54

TI=MATNM

JZ=HAIN

IF(NCIILY) 8508554
ISINCEJZYY £35900,950
IF{KDSIITNIET, 55,55
19=NALIT)

J8=I1

IT=NACIDD

T=42

BB 10 70

IT=NacJ7)
18=HA(IT)

15= M2

J1=11

IRL=d
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o

o

3

o3

TRLL=1

IPS=0

NIME=0

LABLIIT)=JS
TWMIPLY=IT
KLAR=KLABH1

50 TO B4
IF{IPS-TPL)BA, 200186
IFG=IPG+1

[8=TWV{IPS)
JB=NODE(I4)

IE=KIDL (IA)

IF(IE-TE) B74B7.85

o0 90 JJ=TRyIE
J=HIR(L)

NUNODE=NA(.))

TF(LAEL (NUNDDE)) 90,88:90
LABLINUNDDE)=J
TRL=1PL 1

TRV TPL)=NUNDDE
IFINUNDRE-TGY 9094590
CONTINUE

G070 BS

NERE=KBRE+1
TALFHA=INFIN

k=0

NOW=I8

TJ=LABL (NOW)

JI=11-NR

IFEIT) 101,101,102
JI=JI+NR2

NEXT=NACIT)

K=K+l

EFIKOS(INY) 105.1054104
NET=-NC{JI)

SV =NET

50 TO 110

NET=NC(IJ)

JWRHE)=NET
TALFHA=MINO{IALFHAs NET)
IF(NEXT-IS) 111,120y 111
NOW=NEXT

60 TO 100

HOW=IS

I=LABL(NOW)

J1=1J-NR

IFOITY 12491260127
JI=JINR2

NEXT=NA(JI)




290

1A
;
g

A ks

K=Kt
NC(TD)=NCI)-TALPHA
NET=NC(JD)
NETNU=NET+IALPHA
NCCJT)=NETNU

IF(KOS(JT)) 12812715128
IF(NET) 1272,1272:128
TF(NETNL) 128112851272
CALL LEFT(NOWsJT)
IFCJW(K)-TALPHA) 12911281+129
CALL RIGHT(NEXT:IJ)
IF(NEXT-18) 13051505 13
NOW=NEXT

o0 70 125

D0 155 I=1.1PL

ST

LABL (1)=0

60 TO 54

KFOT=KPOT+

KSET=NUMS

NEWLAB=0

iME=0

INTHRY=0

HINZTNFIN

NEH=NONS

HONE=NAXAHL

IFEKSET) 2042204,202
TF(NEW-KAXA) 205:2905,312
MAYNEW=KAYAHNEW

np 3¢ L=NEW,MAXA
K=MAXNEU-L

K= 1K)

KIK=NA KK

TF(LABL (KKK)Y 310,300,310
NONE=HONS-1

Jut(NONS) =KK

CONTINUE

a0 207 K=1,KSET

K= MUK

KKY=NA(KK)

TF(LARL(KKK)) 203,2021:207
IF(EOS(KK)) 2023,2023 2022
MUMG=HINEH

JHULUNE ) =KK
HIN=MINOCKINSKDS (KK )

30 T0 203

HONE ZNONG- 1

WU (NONZ) KK

FINTIRUE

ONTTALE
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IFCIFLL-TPLY: 2039520392111
2039 [0 211 LE=TRLL,TIPL
L=TWLL)
JEID=MIDL{L}+
JRT=MORECL+1)-1
IFLHID-JRT) 2045:2045,21¢
DD 210 KK=JMIDsJRY
K=#IR{KK)
T=NALK)
IFCLABLCTYY 210520405210
2040 IFONCIK)) 206r2041r2041
2041 IF/KDE(KY) 20452045205
205 NUME=NUM311

VINLNG) =K

HIN=HINO(MIN:KDS(K))

G0 70 210
204 NONE=NONE-1

AW ENONE ) =K

»
204

wn

216 CONTIHUE
AR CONTINUE
21t IFLL=IPL$]

IFINUME) 212,212,215
FESIBL=(FALSE,
CALL DUMPO(NR.II)
PRINT 2125:1S¢1IT,11
FRINT 21215 (1 LABL(T)»I=1:MN)
PRINT 2122 (T, TWV(I) s I=1sIPL)
FRINT 21232 (JWV(T) s I=NEW, MAXA)
212:  FORMAT(” LABLES, BY NODE'/(S(I%;'=',110}))
2122 FORMAT(' LARELED NODES (IWV)'/ 1161101)
2123 FORMAT(’ THE SET (LsL-3y NON-3'/(10110);
S125 FORMATIZOIS="+I8s’  I7='315+10X” INFEASTRLE ARC=',IS)
RETURN
245 10 220 I=1,NUMS
TI=J¢T)
=1J-NR
TROITY 218+2169217
216 JI=IHNR
217 KOET=KOS(IJ)-MIN
KOS(I)=KOST
KOS(JI)=-KOST
IF(KDST) 230,218:230
e IFCNC(TIYY 230,230,220
220 fIDER=NA(I.I)
CALL LEFTINACII}.T0)
IFLABL(NODER)) 230,223,230
223 LARL(NODERI=I
IPL=TFLtL
JWV(IPL ) =NCDER
IF(NODER-IS) 230.:225.230

3]
[y
ra
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ane,

S i ]

240

247

T4

240
240

n24
249
2691
270

345
30
351
360
361
980

981
090

1000

(fe |

1010

INTHRU=1
CONTINUE
TF(NONS-MAXA} 2405240:345
DD 270 I=NONZsMAXA
Tl= (1}
JI=IJ-NR
TF(IT) 242,242,244
JI=THNR
KDSTA=KOS(I)
KOSTE=KDSTA-MIN
K0G(1))=KOSTR
K0S{JI)=-KOSTB
IF{KOSTA) 27092625262
IF(KDSTB) 264:270+270
IFINC(IJ)) 27042694269
IF(NC(JI)) 270227002691
CALL RIGHT(NA(ID,JD)
CONTINUE

OUT OF KILTER CHECK
IF(NC(II)) 340,350.351
IFINC(JZ)) 360,980,980
IF(KOS(II)) 3600350350
IFCINTHRU) 3619361596
IF(IPS-IPL) 84,200.:84
U0 981 I=1,IFL
=IRViID
LABL(1)=0
CONTINUE
CONTINUE
ToTAL=0,
O 1010 I=1:NR
K0e/T)=KOS(1)-18AVE(T)
NCI)=JSAVECI)-NCAI)
TOTAL=TOTALNC(I)RISAVE(T)
IF(ISAVE(D) E@. 0} ISAVE(I)=1
TOTAL={TOTAL/ICAVE(T)NC(I) )¥ISAVE(T)
CONTINUE
RETURN
END

SUBROUTINE RIGHT(I,INDEX)
COMMON/ADATA/NR s NN+ FESTRL s NTIKE S NA(C400) sNF (400) » JSAVE(400)
17IL0(400) sNC(400) ¢ ISAVE(400)

COMMON THY(100) sLABL (100) »NODE (100) sHIDL (100 ,K0S(400),KIR(400)
COMMON JWV(400)
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MID=KIDL (T}

TA=NODE(T}

o0 1 II=IA,MID
IF(MIRIIT)-INDEX) 1531

i CONTINUE
¥HRY=1
z HRITE(4,500) Ty INDEX:KMAY

IFROM=NODE(I)
ITO=NODE(I+1Y-1
WRITE(43910) IFROMsMIDL(I)5ITOs(KyKIR(K),K=IFROM,IT0)
F10 FORMAT(IT&/(2018))
RETURN
2 ITEMP=MIR(MID}
HIR(HII=INDEX
MIR{II)=ITEMP
MIDL(I)=MID-1
RETURN
ENTRY LEFT(I,INDEX)
HID=MIDL(I)H1
TR=NDIE(I41)-1
DO 10 II=MID.IR
[FEMIR(TTI-INDEX) 10512410
1y CONTINUE
KRAY=2
G TO 2
12 ITENP=MIR(MID)
MIR(MID)=INDEX
MIR(IT)=ITEMP
MIDLEI)=MID
RETURN
¥00 FORMATL’MODE' »ISs* ARC’»IS,’LOST ON SHITT ¢. 14,7 LOC’
ENTRY DUMPO(NLINES.ID)
FRINT 1120.1D
DO 1070 M=1,NLINES
A=MHNR
I=NA{N)
J=HATH}
L=ILOH)
¥=JSAVE(H)
KOST=I5AVE (M)
[KRAR=KOS (M)
IFLOW=K-NC(M)
IFCIFLOW,LT,L.OR, IFLOW.6T,K) PRINT 1121
IF(KBAR) 1045,1070,1047
065 IF(IFLOW.LT.K) PRINT 1122
60 10 1070
1047 TFCIFLOWLGT.L) PRINT 1122
1070 PRINT 1125, MsIeJeloK:IFLOW:KOST KBAR
1135 FORMAT(3I5,3110,3%,2110)

1120 FORMRT(’1 ARC I U L K IFLOW
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1 KO8T KEAR’ 211570
1121 FORMAT(’  THE FOLLOWING ARC IS FRIMAL INFEASIBLE’)
1122 FORMAT(’  THE FDLLOWING ARC TS DUAL INFEASTRL')
RETURN
END
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SUBROUTINE CPRATE
LOSICAL FESIRL
INTEGER HI:COSTsFLOWSTART»STENDRUSE»UREG, ISHTMs
ITSPIL s AREAXEVPT - ANAX, ANIN
IMTEGER RCAP:RMINsFSTART:ACTAR:DEH,
LDEME 1 OFRP ¢ BF CMAX, CHIN
COKMON /CONTRL/KINSKOUT,KAPEL
COMNON/PARM/NI s NRES s MIUNC, NLNC o NYEAR NI NS » TYEAR INP TITLE(20)
INR
COMMON/WRKT/ETART{20) » STEND(20) »USE (20} UREG(20)  ISHTH(20,34)
TISPIL(20534) sAREAX(20) (EVPTI20) 1 AMAX(20) s AMINC20) + IAREA(20)
CCKMOM/PRNT/ICAR{2G: 36,130 s TOTLE(20920524)
COMMON/RESU/RNAME (20, 2) 1 RCAF(20) RMIN(20) rFSTART (200 s IVCAP(20)
1oNFRES(20) ACTAR(205 2023 OPRR (32205361 »0PRP (2, 10) 5P (20 2 DEN
Y200 DEMR(2053) DEMD(20536) 1EVAP (201360 1U (20, 38) (DINP(34) 1 INPRT,
TBRFI15:36) s AREG(36) sRYCAR (209 34) s MUF (20
COHHONLINK/LNODE (200020 4 CHAX (200 sCNINC200)
COMNON/LNKFLU/UNKELO(200, 37) ) LNKAFL (200,372 s LNKMX (200,37)
COMNONADATA/NARC  NMAX s FEGTEL ( NTIME NT(400) 1 NF 1 400)
1sHI1400) 2 L0CA0G ), FLOW 400}, COET(400)
CORMON/KDATR/PI (4003 LARCS (400} (IPTL400) (LIST(400)
CORKON/CONEACAVRELD AURGHT sCONFLD CONDEMy CONINF »
1CPCT NSRESLRULE, JESVDL ¢ 20)
COMMON/DEMON/TEHON( 20, T8)
[OMMON /RFAC/HODME(15) s NAIMP (15, 15) sEXDUT (15538 ,FACI15,36) 5 TAVEP
1E15, 370 o MRFEYINF (15, 36D GT(15,20)
ROFF=0,49F

ITGT=(
TYPE ¥p iNPREE(T)21=1,NRES)
00 2 L=1eNL
np 2 I=1.33
LRKFLD(L,1)=0
LNKAFLILsT)=0
TAVER(L,1)=0
LNKMXCLT)=0
CONTINUE
ng 4 J=1sNJ
STARTC)=0

STENRM )=0
EVPT(J)=0

ITOT=ITOTHRCAP ()

00 4 N=1,36

TGHTMIJ,N)=0

ISPIL(JsN)=0
CONTINUE

SET LIMITS ON ARCS

Li=NLH]
L2=NLN.)
L3=L2H1
L4=L24NJ
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L5=L4+1
La=LA+N
L7=Lé#1
LR=LA#N
L9=L841
| A=L BANRES
LB=NR+1
I0 5 L=1:NARC
HI(L)=0
L3iL)=0
FLOW(L)=0
£OST(L)=0
CONTINUE
00 7 L=1ML
HI(L)=CMAX(L)XCONFLO
LO(L)=CHIN(L)¥CONFLD
£OST{L)=0
7 CONTINUE
10 8 L=1sNL
COST(L)=1
IF(L.BT,NR) COSTI(L)=2
g CONTINUE
CALL AREA(RTAPsAMAX)
CALL AREA(RMIN:AMIN)
REWIND KAPE1
ISTRT=1
NYR=NYEAR
NTIME=1
0 300 IY=ISTRT.NYR
00 12 J=1eNJ
0 12 I=1,13
TOTLS(Jr I 1)=0
12 CONTINUE
CALL DATA2
IFCIY,BT.1) GO TO 10
TF(NRES,EQ,0) GO TO S0
00 14 J=1+NRES
STEND( J)=FSTART( )
14 CONTINUE
50 CONTINUE
C ENTER SEAGONAL LOOF
10 D0 200 MON=1:34
TFLAG=0
B0 TO 11
IFLAG=1
I0 16 J=1:MJ
USE(.))=0
EYPT(1)=0
UREG(J)=0
START()=0

en

el
= el
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14

17

IQ

102
102

132
100

25
30

s

20

D0 14 I=1r13

ICAR (s MONs1D=0

CONTINUE

00 17 L=1:NARC

FLOW(LY=0

CONTINUE

00 19 J=1,NJ

USE(J)=IFTX(DEMON(JHON))
TF(DEM(JY,BT,0) USECS)=DEM(.J)¥RENDR( 1, MON)+ROFF
UREG(J)=TFIX(U{JrHOND}
START{J)=5TENDLL)

CONTINUE

00 21 J=1,NRES

AREG (1) =ARF ( 1+ HON)
IF(MON,GE,14,AND,MON,LE, 27, 0R, IFLAG,ER,1) GO TO 25
[0 100 I=1sNRF
FAC(ToMON)=¢STEND(I)-RMINCIIHEXINF (ToHON) ) ZEXOUT (T2 HON)
IF(FAC{T,HON) GE.1,0) GO TO 112

[0 102 L=1,NODKP(I)

[9 103 J=1:N]

IF(NADMP(I,L).EQ,J) USE(JY=USECJIRFACTSNON)
CONTINUE

G0 T0 100

FAC{I,MON)=1.0

COMTINUE

G0 10 20
N0 30 I=1.NRF

FACCI MON)=1,0
MOTMP=IMFRTXDINF(MON) +ROFF
IF(INFNE,O} UREG(INP)=UREG(IMF)MOINP
CALL AREA(START»AREAX)

CALL RULE(MON)

T5UK=0

LO(NARC-2) =0

I0 28 L=L1sL2

JN=NT{L}

LGELI=BTART (N +UREG (N}

HI(L)=LO(L)

FLOWCLY=LOCL)

ISUN=TSUMEFLOWCL)

NP=L4NJ

NH=L+2¥N.)

TF{RCAF(IN),EQ,0) 6O TO 26

0
1A=0,SH(AREAX ( IN)HAMAX L IN) ) REVAP ( INs MON) ¥XT+ROFF
IB=0, 5% (AREAX (JN) HAMIN(IN) YXEVAP ( INs HON) XXT+ROFF
MINPOL=RNIN(.N)

LOCNF)=IB+HINPOL
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Y

36

33

34

IF(LOCLY, LT, LOCNR))LO(NP)=LOCLY
IFCLONF) LT, Q) LO(NP)=0

LO(NN) =0
HI(NP)=0PRR (LRULEs JNsHONDRET (INsHON) +1A
IFCHI(NP) LERMINCINY ) HICNFY=RMIN(IN)
COST(NF}=-{1000-0PRF(LRULE» IND¥10)
HI{NN)=RCAP { JN)-HI(NF}+I4

IFCIVCAR(INY A GT.0) HI(NN)=RUCAF({INsMON)-HI(NF)$IA

IFCHICNN) (LT Q) HI(NN)=0
TF(HI(NP),GT,LO(NPY) GO TO 26
HI(NFY=LO(NP)
HI(NNY=RCAF { IN)-HI(NF)

IF(IVCAR{INY JBT,0) HI(NNI=RUCAP( IN2MONI-HI(NF)

IF(HI(NN)WLT.0) HI(NN)=0
CONTINUE

FLOW(NNI=FLOW(L)
LOCNARC-3)=LO(NARC-3)+LO(NP)
CONTINUE
FLOW(NARC-3)=ISUN
HI{NARC-3}=ITOT
FLOW(NARC)=I5UM
HI(NARC)=FLOW(NARC)
LO(NARC)=FLOW(NARC)
KAXD=0

DD 32 L=L7418

JN=NE (L)

HI(L)=USECIN)
COST(L)=-(1000-DEMR{ INsLRULE) %10}
HaXD=MAXDHHI(L)

CONTINUE

HI(NARC-11=HAXD

SFILL ARCS

MAXE=0

DO 24 L=L9sLA

JN=NFIL)

NTX=0

nd 36 K=1,N8
IF(IM.EQ,SF(K) o ANDL NS NE, 0INTX=1
IF(NTX.EQ.1} 6O TO 33
CONTINUE

K=0

Kg=K

HI(L)=ITOTRIOKNTY
COSTCL)=NTX¥10000% (14KS)
MAXS=MAXSHHI(L)

CONTINUE

HI{NARC-2}=HAXS

CALL SUPERK

NTIME=1

IF(\NOT.FESIBL) GO TO 430

S




44

80

INDI=0

no 42 L=L7s LB

JN=NF (L)

IF(IFIX(DEMONC Ny MONY) JEQ,USECIND) INDI=1

ISHTH (N, MON) =IFIX (DEMON! JNsHON})-FLOW(L)
CONTINUE

[0 44 L=19sLA

JN=NF(L)

ISPIL{IN,MONY=FLOW(L)
IF(IFLAG,EQ,0,AND', ISPTL (N, NON) ,GT, 0, AND, INDILNE, 1) GO TO 43
CONTINUE

DO 58 L=L3,L4

JN=NF (L}

LN=L+NJ

STEND(IN)=0

STENDCINY=FLOW(L J+FLOW(LN)

CONTINUE

CALL AREA(STENID IAREA)

00 60 L=L3sL4

IN=NFEL)

XI=1.0

EVFTCIND =0, SR{AREAX (IN)+TAREA( IN) ) XEVAP { INs MON) XX T+ROFF
STEND(JN)=STEND{IN)-EVFT(N)

IF(STEND(JN),LT.0} STENIMIN)=0

IFCIVCAP (N 4 GT, 0, AND, STEND(IN) , GE . RUCAP ( NsHON) ) STEND(.IN)=RUCAP
1N MON)

CONTINUE

IF(NRES,EG.0) GO TO 250

DO 72 J=1:NRES

ICAP(JyMON» 1)=5TART()

ICAF(JrMONs 2)=UREG(J)

ICAP (s MON»4)=USE()
ICAF{JsMON»5)=0,SX(AREAX (1) +TAREA( ) )4ROFF

TYPE 504y ICAP(JrHONsS)

FORMAT(2Xs ' ICAP="18)

ICAP (JrMONs8)=EVPT()
ICAP{JsHON»B)=ISHTH! Js MON)
ICAP(JsMONy11)=TSPIL (JsMON)
ICAP(J,MON»12)=8TEND( 1)
ICAF(JyMONs13)=0PRR (LRULEsJr MON) XST (Js MON) +ROFF
IFCICAP(JyMONs13),LERMINCJ)) ICAP(JsMONs13)=RKIN(C)
IDN=0

TUF=0

IPI=0

IP0=0

IF(NR,ER,0)G0 TO 45

DO &6 L = 1+NR

LNKFLOCLyMON)=FLOW(L)/CONFLD

IF(LNODECLy1) EQ.J)IDN=IDN+FLOM(L)
TFCLNODE(L+2) JEQ. J}TUP=TUPFLOR(L)
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47

72
230

70

74
76

e
“

200

300

450

432

CONTINUE

FORMAT (1X» '82537)

ICAP{JeMONy 33=IUF

ICAR{ 1 MON27)=1IN

IF(NC.ER.Q)GD TO 47

00 48 L=LEsNL

LNKFLOCL - MON)=FLOW(L) /CONFLO
IF{LNCDE(L,1)EQ.J)IPO=IPD4FLOW(L)
TF{LNODE(L»2),EQ, J)IPT=IPT+FLOM(L)

CONTINUE

CONTINUE

ICAP (s MDMy 9)=IPI

ICAF(JsMON»10)=IP0

CONTINLE

CONTINUE

DO 70 L =1,NL
I_NKAFL(LyMON)=LNKAFL (L yHON)+LNKFLO(L s HON) /NYEAR
IF(LNKFLOCL eMON) JGT LNKMX(L,MON)) LNKMXCL+MON)=LNKFLO(L +HON)
CONTINUE

00 71 1=1,2
TAVEF(TsHON)=(ICAF(T,MONy4)4TAVER (T2 HON) ) /NYEAR
NDS=NJ-NRES

IF(NDS.ER,0) GO TO 74

00 74 1 = 1,NDS

IN=JHNRES

ICAR{INsHON»2)=UREG(IN)

ICAF(JNy HONs 4)=USE(JN)

ICAR (N MONy B2 =TSHTH( INsHON)

CONTINUE

CONTINUE

D0 82 UN= 1,sM)

TOTLS{ N IY»13)=TOTLS (N2 TV, 13} +DENON(IN5 HON)
IF(MONJER, 1) TOTLS (INs IY#1)=START (JN)
TF(HON,EQ, 346 TOTLS(INs Y, 12)=5TEND(IN)

D0 82 I = 2511

TOTLSC N, IY» T3=TOTLSC Ny IY s 1) +ICAP (INy MONy I)
CONTINUE

CONTINUE

KEY=1

CALL oUT2(IY)

CONTINUE

RETURN

WRITE(KOUT»452) Y MONs (LoNF (L) o NTCL)LOCL) o HI(L) sFLOR(L)»COST(L)
1rL=1+NARC)

FORMAT(//////20X, "SOLUTION INFEASIBLE YEAR'»I3y’ MONTH's13//
1 LINC FROM TO LO HI FLOW cosT’ 7/
2(315,4110))

RETURN

END
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28

105

13

100
18

107
)

SURROUTINE CARDS

INTEGER RCAPsRMIMsFSTARTACTARTEM, DENRs

10PRP+SP+CMAX sCHIN

COKNON /CONTRL/KINsKOUT»KAPEL
COMMON/FARM/NJsNRESs NJUNC s NLyNCs NYEAR s NIy NS » TYEAR» INPS TITLE(20)
INR
COMMON/RESY/RNANE(2052) »RCAP(20) s RHIN(203,FSTART (20 s IVCAP(20)
1sNPRES(20) +ACTAB(20+20+2) sOPRR(3+20+34) sOPRP (3210} s SP(20) : DE
20203>IEMR(2053) s DEKD(20536) sEVAP (205 36) 2 11(202 36) s DIMF(36) 5 IMPRT,
JARF(13,36) rAREG(34) rRVCAP (20+36) s MWP(20)
COMMON/LINK/LNODE(20052) ) CMAX (2001 »CHIN(200)
COMMON/CONFAC/AVRGLO»AVRGHI » CONFLO» CONDEM CONINF »
1CPCTsNSRS, LRULE, JESVOL (20)

CONMON/POW/ NROW(S)sNCOL(S) F(5225:25) s EATAR(S»1852) s THTAR(S5 18,2
IPLTAB(G218s2}

IHNET(38y0) s FOIS(695) s CELE (265 5) s CTHL (365 5) s ROM (55 25) s
1C0L(5223) s AREA(34+5) (HYDL(20)
COMMON/RFAC/NODMPL15) s NADMF (15, 15):EXOUT(15,34) s FAC(15538) s TAVEP
1(13¢37) +NRF sEXINF (15,340 +ST(15:34)

IIATA TAPE/AHTAPE/

[0 4 J=1,NJ

PO 4 K=1,3

DEMR(JeK)=99

(FRP(K» =99

CONTINUE

READMKINy 11, END=22)( TITLE(I) s I=1,20)

FORMAT (20A4)

REAICKINy 12)NJ2NRESsNL s NR s NYEAR s NIy NS s TYEAR»

1IMP ¢ NRF

FORMAT (10X, 1015)

IFROM=TFRM

ME=NL-NR

KCRD=0

IF(TAPE1-TAPE) 26428426

KCRD=1

CONTINUE

00 105 I=1:NJ

READ(KINS13) Js (RNAME(JsK)sK=1521

IRCAP(.J) fRMIN(J) sFSTART(J) s IVCAP (.1} s NPRES () + MWP (1)
FORMAT(T11,15:T1>2A4,T16,31105212,15)

READ(KINy18) (SP(I}sI=1¢NS)

[0 100 J=1,NRES

IF(IVCAR()ALT, 1) 6O TO 100

READ(KIN:123) (RUCAP(.J:K)»K=1534)

CONTINUE

FORNAT (10Xs 1215}

IF(NRES.EQ.0) GO TO 2

00 107 I=1.NRES

READCKINS15) Jy ((ACTARCJsKsL)sL=152)4K=1,18)

CONTINUE
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15 FORMAT (10X 1524110/ (15X»6110))
[0 108 I=1/ND
108 READCKINS16) JyDEM(J)y CDEMR(ISK) 9K=143) 5 (DEMDC oK) 2 K=1534)
14 FORMAT (10X, 13,18, 313,12F4,0/(30Xr12F4,0))
READ(KIN:17) IMF»IMPRT,(DIMP(I),I=1,36)
17 FORMAT (10X: IG5 I10¢5X,12F4,0/(30X212F4.0))
READ(KIN»14) NSRS»(JESVOL(I)»I=1:NSRS)
14 FORMAT(10X,1415)
READ(KIN,23) AVRGLD,AVRGHI
A FORMAT(10X,2F10.1)
READ(KIN»24) CONFLO»CONINF,CONDEM
24 FORMAT(10X13F10,3)
IF(CONINF,LE,0,0) CONINF=1.0
IF(CONDEM.LE.0.0) CONDEM=1.0
IF(CONFLD,LE.0,0) CONFLO=1,0
D 1% K=1,NRES
I0 19 L=1,3
9 READKINS109) JsOPRR(Ls JYs (OPRR(Ly 51} 51=1,34)
109 FORMAT(1Xy2I2¢12F5, 2/ 05X+ 12F5.2))
REAICKING20) (Ly (LNODE(Ls T3 51=1,2) 2 CHAX (L) »CHINC(LY sK=1sNL)
20 FORMAT (10X, 315,2110)
C POWER DATA
00 114 N=1,NRES
IF(NPRES(N).LT.0) 60 TO 114
30 READ(KIN¢130} Jr {(EATAB(J:KsL)sL=1+2)rK=1,18)
il REARMKIN: 150} Js ((THTAR(JsKsL)sL=1,2)+K=1,18)
READ(KIN:1403 HYDL(N)
140 FORMAT(1X>F3.0)
150 FORMAT(1X s I2+6F8.1/(3X26F8,1))
IFINFRES(N).EQ.N) 6O TO 114
READ{KIN:200} NROW(N)NCOL(N)
200 FORMAT(1X+412)
READMKING112) (ROW(NsL)sL=1:NROW(N))
D0 114 J=1:NCOL(NY
FEAICKINGI1G)  COL(NsJ)a(F(NsIsJ)sI=1sNROK(NI)
12 FORMAT (10X, 8F10.3)
1135 FORMAT(9F10,3)
114 CONTINUE
114 CONTINUE
C READ' RESERVDIR FACTOR DATA
00 121 I=1:NRF
1 READMKIN2122) NODMP(I)s (NADMP(I2J)sJ=1,NODKP(T))
122 FORMAT (2X¢5I2)
READ(KINy123} ((EXINF(I»JdsJ=1,34)5 (EXOUT(Is 1)y 0=15364) 2 1=1,NRF)
123 FORMAT (1X¢12F2.0)
READ(KIN:124) ((ARF(I;J)sJ=1536)s1=1,NRES)
124 FORMAT(1X:12F8.0)
READ(KIN,123) C{GT(I,HOM)sMON=1,36)sI=15NRF)
DO 125 I=1:NRF
D0 125 J=1,34
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125 PRINT 1265 JsARF (L5 1)sEXINF(Io ) sEXOUTLIs ) s8T(Ts )
124 FORMAT(SXrI2¢4F12,0)

RETURN
22 CALL EXIT

RETURN

END
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150
100

SURROUTINE POW

THIS SUBROTNIE COMPUTES POWER BOTH RY CONVENTIONAL METHOD

AND POWER INTERPOLATION TECHNIQUE

COMMON/POW/ NROW(S)sNCOL(S)yF{S:25:25)sEATAR(S+18:2) s THTAR(S:1852),
IPLTAB(S¢18:2) s '
IHNET(3455) sFDIS(2455) s CELE(3495) s CTHL(3455) sROW( S 25) 5
1COL(5¢25) s AREA(36¢5) tHYDL(20)
COMMON/DPL/DLX(5055) sDDLX(5025) s DLY (502 5) s IDLY (502 5) s AP(5055) »
1AR(50+5) rPOWR(S0+5)

COMMON/FRNT/ICAP(20534513)» TOTLE(20520534)
COMMON/FPARM/NJrNRES 1 NJUNC eNL s NC s NYEAR sNDs NS¢ IYEAR s INPs TITLE(20) ¢
1NR
COMMON/RESY/RNAME(2052) sRCAP(20) s RMIN(20) sFSTART (20) » IVCAP(20)
1+NRRES(20) rACTAB(10520+2) sOPRR(3710+34) »OPRP(3210) sSP(20) s DEN
2(20)»DEMR(1053) s DEND (205 34) s EVAP (205361 5 U205 36) s IIMP(36) » INPRTy
JARF(15:38) yAREG(34) sRUCAP(20036) 1 MWP (20)
COMMON/CONFAC/AVRGLO s AVRGHT s CONFLO» CONDREM s CONINF »

1CPCT NSRS ¢ LRULE s JESVOL (20)

DIMENSION IFAC(36)sAFM(34)sAF(36)

DATA IFAC/10¢10¢11+10s10+8+10+10+11+10¢10¢10510¢10¢11¢10+10:10
1510510211510510511510+10510+10510511510510510510510511/
AI=0.000001

D0 50 N=1sNRES

DD 50 MON=1,34

FDIS{MONsN)=0.,0

HNET(MON:N)=0,0

CELE(HONsN)=0,0

CTUL (MON:N)=0.0

POWR (MONsN)=0.0

AREA(MONsN)=0,0

CONTINUE

00 100 N =1sNRES

00 150 MON=1,34
FRIS(MONsN)=ICAP (NsMON» 7)/( IFAC(MON) $CONFLD)
AREA(MON:N)=ICAP (NsMON:5)

CALL INPOL(AREAsCELE,EATAR)
IF(FDIS(MONsN).LE,100.0) GO TO 150

CALL INPOL(FDISsCTWL> THTAB)

HNET (MONsN)=CELE (MONsN)-CTHL (MON:N)-HYDL (N)
CONTINUE

CONTINUE

DO 750 MON=1:34

DO 800 N=1,NRES

IF(FRIS(MON:N),LE.100.0) GO TD 800
IF(NPRES(N).LT.0) GO TO 800
IF(NFRES(N) . NE.N) GO TO 700
QMAX=(MWP(1)%X1000)/(0, 0844430, B4XHNET (HON:N) )
IF(FDIS(MONsN) ,GE.GMAX) FDIS(MONsN)=0MAX
POWR (MONN)=(FDIS (MONsN)XHNET (MON:N) 20,841 /11800
G0 10 800

45




700 D0 2 L=1,NCOL(N)
IF(FDIS(MONsM) .GT.COLCN:L)) 6O TO 2
NJC=L
GO 10 3
CONTINUE
D0 4 K=1,NROW(N)
IF(HNET (MONsN) ,GT .ROW(N:K)) G0 TO 4
NK=K
G0 TOS
CONTINUE
3 NJ1=HJC-1
NK1=NK-1
DLX(HONsN)=FDIS(MONsN)-COL(NsNJ1)
DDLX(MONsN)=COL (NsNJC}-COL (N+NJ1)
AP (MONs NI =DLX (MON2 NI /DDLX (HONsN)
DLY (MON» N)=HNET (MONyN)-ROW (N2 NK1 )
DDLY (MON» N)=ROW (N2 NK)-ROB (N2 NK1)
ARCMON,N)=DLY (MONs N} /DDLY {MONsN)
POWRCHONSNY=( (1, 0-AF (KON M) JR(1, 0-AQ(MONsN) J¥F (N NK1oNJ1) ) 4(
1APEMONSNY ¥ (1. 0-
1AQ(NON:N) )
TRF(NsNK1oNJC) )+ (ARCHONs NI (1, 0-AP CHONSN) JEF (NS NKSNJ1D ) 4
1 (AP (MONsN)XAR(MON:N)X
1F(NsNKsNJC))
800 CONTINUE
750 CONTINUE
WRITE(3:740)
740 FORMAT (12X, 'POWER GENERATION IN THE SYSTEN'»/12X»"kkKkEkK
Dby . //)
PO 200 J=1,36
200 AFK(J)=0,0
10 300 N=1sNRES
IF(NPRES(N),LT.0) GO TO 300
WRITE(3,310) N
310 FORMAT(/10X, "RESERVOIR NO = ‘+I2/)
WRITE(3,320)
320 FORMAT(5Xs ‘PERIOD R,LEVEL TW.LEVEL DISCHARGE NET HEAR  POKER
2 IN W'/
10 500 J=1+34
AFKCJ)=AFN(J) HPOWR(Jr N}
WRITE(32400) JyCELE(JsN)sCTHL(JoN) sFDIS(IsN) s HNET(JsN) sPORR(J5N)
400 FORMAT (3Xr I4:3F11.2)
500 CONTINUE
300 CONTIMUE
WRITE(35250)
230 FORMAT (/5% 'SYSTEM TOTAL POWER GENERATED IN M.W‘/)
WRITE(3,273) (AFM(J)sJ=1/38)
27% FORMAT(5Xs6F9.2)
DO 280 MON=1:%
280 ARCNON) =AF GHON) $AF M (SON)

o ra

=
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PRINT 281+ (AF(MON)NON=1,34)
FORMAT (1X»18F7.0)

RETURN

END
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SUBROUTINE INPOL(SX1SY»Z)
DINENSION SX(34¢5)¢SY(3615)12(5:18¢2)
D0 11 K=1,36

00 10 J=1,2

0D 5 I=1,18

IF(SX(Ks )-Z(Js152)) 25355

CONTINUE

SY(Ks J)=Z(Js151)

60 T0 10

8Y(Ky J)=Z( s Is1)

B0 TO 10

X=Z(1:2)-2()s1-152)

Y1=Z(Je Io1)-2(JrI-1+1)
X2=8X(Ky J)-2( 13 1-1,2)

X3=(X2/X1)Y1

BY(Ks J)=Z(Js I-151)4X3

CONTINUE

CONTINUE

RETURN

END
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2.5.2

Input specification

The input specification of

basis is as given below:

i

Fortran logical uni
Variable

1.1 KIN

€e2 KOUT

1.3 KAPE 1

Title card

TITLE (I)20A4

System detail card

3.1 NJ
3.2 NRES
3.3 NL
3.4 NR
3.5 NYEAR
3.6 ND
3.7 NS
3.8 IYEAR
3.9 IMP
3.10 NRF

4.1 J
4.2 RNAME
4.3 RCAP

t card

Format
il 1)

15

the model on sequential

Description

Logical unit for input file

Logical unit for output file

Logical unit for input tape

Title of the Problem

No.

No.

No.

No.

No.

No.

No.

of

of

of

of

of

of

of

Junctions in the system

reservoirs

links
river
years
nodes

spill

reaches
to simulate
in the system

reservoirs

Starting year of simulation

Node where import occurs

No.

used

of reservoirs where R.F.

Node No.

Node name array

Maximum capacity in volume
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Variable Format Description

4.4 RMIN I 10 Minimum capacity to be
maintained (dead storage)

4.5 FSTART I 10 Starting storage

4.6 IVCAR L2 Variable capacity

0 = No. of variable capacity

1 = variable capacity to
be used
4.7 NPRES I 2 Power Reservoir Indicator
If NPRES= - Ve No Power
= 0 Power Table
is given
= NRES conventional
method is used
4.8 MWP I5 Turbine capacity
Spill reservoir card
5.1 SP 2032 List of Spill reservoirs
Nos.

Variable Reservoir capacity card

Card will be there if IVCAP =0

6.1 RVCAP 12 F 9.0 Ten daily variable capacity
Area capacity table ( for all the reservoirs)

7.1 J LD Reservoir No.

s 2 ACTAB 18 I10 Area-capacity-for Reservoir
Demand and distribution card.( If annual demand and

their distribution is given it will over ride the varia-

ble demand)

8.1 J L 5 Demand node No.
8.2 DEM I8 Annual demand at node
8.3 DEMR A3 Ranking of Nodes demands

for system state




10

11

12

13

Variable Format
8.4 DEMD 36 F4.0
Import Card
951 IMP I 5
9.2 IMPRT I 10
9.3 DIMP 36 F4.0

Subsystem of reservoirs card

10.1 NSRS ES

10.2 JESVOL 14 I 5

Status card

11.1 AVRGLO F 10.1

11.2 AVRGHI F 10.1

Multiplication factor card

12.1 CONFLO F 10.3
12.2 CONINF F 10.3
12.3 CONDEM F 10.3

Description

Tendaily distribution of
demand for periods

Node No. where import occurs
Annual import amount

Tendaily import distri-
bution for

No. of reservoirs in sub-
system

List of reservoirs in sub-
system

Lower bound for system
average storage

Upper bound for Average
storage

Conversion factor to
convert flow into 10 daily
volume unit

Conversion factor to convert
read in flows to system unit

Conversion factor to convert
read in demands in system
units

Operation rule card ( to be repeated for NRS reservoirs)

3.1 J IS
13.2 OPRP IS5
13.3 OPRR 36 F 4.3
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Reservoir No.

Ranking of reservoir storage
for system states

Tendaily operation rule for
system states




Variable Format

14
14.1 L .5
14.2 LNODE 2E B
14.3 CMAX I 10
14.4 CMIN I 10

POWER CARDS

to one or more

15 Elevation area,Table card
15.1 J I 2
15.2 EATAN F 8.1
16

equals to one or more)

16.1 J 2

16.2 TWTAB 18 F 8
17 Hydraulic loss card (only if
more)

a7l HYDL F 3.0
18 Power table card

181 NROW e 2

18.2 NCOL I 2
19 Power table card

19.1 ROW 8 F10.3
20 Power table card

20.1 COL F 10.3

20.2 F 8 F 10.3
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( to be furnished for Reservoirs

Description

Link capacity card ( to be repeated for NL links)

Link No.

Nodes at end of link
Maximum capacity of 1link
Minimum capacity of link

if NPRES equals

Reservoir No.

Elevation area table

Tail water elevation-discharge table (only if NPRES

Node No.
Elevation-discharge-table

NPRES equals to one or

Hydraulic Loss in turbine
head unit for J node

No. of rows in Power
table for J node

No. of columns in power
table

Heads

Discharge
Power Produced




Variable Format Description

Cards 15 to 20 are to be repeated for NRES times.

21 Reservoir factor card ( to be repeated NRF times)
21.1 NODMP L2 No. of demand points cont-
rolled by reservoir (for R.F.)
21.2 NADMP 4 I 2 Names of demand points
controlled by reservoir
22 Expected in flow and indent card - to be repeated
NRF times)
22,1 EXINF 12F9.0 Expected cumulative inflow

from June first - to'be
started from Jan. first

PSR EXOUT 12F9.0 Reservoir indent-cumulative
from June first - to be
started from Jan. First

23 Average flow card - to be repeated NRES times

233 ARF 12F 8.0 Average inflow on a
tendaily basis. To be
started from Jan.first

24 Unit R.F.storage card - to be repeated NRES times

24.1 ST 12F9.0 Unit R.F.storage in
volume unit for
reservoirs and time
periods from

Jan.

215 Variable Flow card ( to be repeated for NYEAR and NJ

times)
25.1 12F8.0 Inflow for Nodes

26 Variable demand card(to be repeated for NYEAR and NJ times)
261 D 12F8.0 Demand for Nodes

27 Evaporation card(to be rpeeated for NYEAR and NRES times)
27.1 E 12F8.3 Evaporation for Reservoir.

Evaporation data should be

in such a way that evaporation
multiplied by Area unit
should yield in the capacity
unit.
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Alis E5m Output description

The output provides the following information for
the analysis of the operator.
1) Annual report

This gives a detailed information of the nodes like
releases made, prevailing reservoir factor and power produced
separately. Release columns gives detail of the volume
of water that has come into the reservoir including upstream
spill, the flow out of the reservoir to meet the down stream
demands, the spill that was lost from the system, the volume
of water that the reservoir lost due to evaporation, the
surface area of water spread, the wolume that was diverted
into and from nodes and the initial and final storage capacity
on ten-daily basis provides an idea to the planner the per-
formances of different elements of the system for the operation
policy. Here 'diverted into' means the surplus which could
not be negotiated through the rivers section due to capacity
restriction and hence diverted into a canal reach. As
mentioned earlier flow through river section is set less
costlier than the canal section for the minimization objective
function used here. Thus the excess inflow which could not be
stored in a node or negotiated through the river section will
be diverted through a canal and used in the down stream
storage nodes or demand points rather than allowing it to go
as a loss to the system as a final option. The negative flow

under the head ' unregulated inflow' shows the loss in the
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link just upstream of it.

The upper limit of reservoir factor (R.F.) is set to
unity as more than the planned releases or maximum demand
will not be released just because of the exceptionally sound
storage position in the reservoir. Shortage is the difference
between the planned releases ( user supplied demand as per
unit reservoir factor) and the actual releases made. Thus
under the head ' demand', demand decided as per rulling R.F.
appears and that under ' Act.demand' the unit R.F. demand
(user supplied).

The annual power computation report prints out the
reservoir level, tail water level net head, the flow routed
through the turbine and the power produced. . Also it provides

the total power generated in the system.

2) Simulation pericd summary

At the end of the annual report, for the entire simu-
lation period this summary is printed out. This gives
details on the annual and nodal basis of inflow, the system
loss, the average reservoir loss or gain due to evaporation
or precipitation, the shortages and demands. Also this prints
out the average and maximum flow in all the river and canal
reaches of the system. This section focusses on the over all

behaviour of the system.

2.5. 3 Hypothetical Problem
Figure 2 shows the system configuration of the example
problem. The example problem given here consists of seven

nodes, out of these node number one and two are reservoirs
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A STORAGE NODE

O NON STORAGE NODE

FIGURE 2 - SYSTEM CONFIGURATION OF EXAMPLE PROBLEM
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with large storage capacity. Node number 3 is also considered
as a reservoir even though it does not have any storage capacity.
since as per the modal structure detailed printouts are available
only at storage nodes and system loss had to be analysed at a
single point. As reservoir No.l can serve the irrigation re-
gquirement of the entire system including that of the command
area of reservoir No.2 the link connecting nodes 4 and 1 with
a limited capacity of 75000 cusecs is considered to be a river
and the one connects nodes 4 and 2 is assumed as a canal.
It is so since as per the model structure of the minimization
problem the cost of flow through the canal is more than that of
the river reach and whenever flow available, only the excess
of the maximum capacity of the river reach will be diverted
through the canal.

The lower and upper boundaries of the nodes and links
area as given in the out put shown here. Reservoirs 1 and 2
have turbine capacities of 1035 MW and 360 MW respectively
and their power generation for different heads and discharges
are calibrated. Their respective power tables are supplied.
Demand of Node No. 6 is controlled by reservoir No. 1 and that
of node No. 3 is controlled by reservoir No.2.

The cumulative available flow and indent are given in
the volume units. The average flow is the tendaily average
summed up for ten days.

The hydrologic status are described by taking reservoirs
no. 1 and 2 as subsystems. The lower and upper limits of

average are 70% full and 100% full of unit R.F. capacity.
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The operation rule is fixed in such a way that higher
priorities are enjoyed by demand requirements than storing
at the reservoirs. Release priorities between reservoir - 1

and reservoir - 2 to meet the demand are as follows :

a) Meet the demand of reservoir 3 through reservoir
as long as water is available above dead
storage level of reservoir - 2

b) When little or no storage is available above
the dead storage level of reservoir-make
additional releases from reservoir - 1 to

meet the demand of reservoir - 3.

This is so because water stored in reservoir No. 1
can be used for the entire system and head available at
reservoir No. 2 is less than that of reservoir No. 1 for
power generation.

The desired storages are given as the percentage of

the unit reservoir factor storage at the individual reservoirs.

2.5.4 Hypothetical Problem input and output




INPUT

3 2

b

GYSTEM OPERATION STUDY BY N . I . H.

7 3 7 & 2 7 11 2
RESV.1 1 7424550 1619560 4100000 0 ¢ 1035
RESV.2 2 4955000 1044000 5350000 0 0 340
RESY.3 3 =1
NODE ., 4 4 0 =1
NODE, 5 3 0 =1
NODE. & é 0 =]
NODE.7 7 0 =]
3
1 9550 990300 9830 1178930 11750 1489720

14890 1851110 15970 2131130 18820 2454400
20870 2830450 22000 3042020 24250 3480030
26710 3985600 29440 4552080 30830 4839400
32415 5157120 34000 5475420 35525 5839700
37050 6204370 40150 4999350 43400 7824550
2 93 486 494 4864 3312 54045
5363 132935 7795 242400 10024 387515
12740 573976 15845  BO7438 19965 1101743
24914 1449801 30973 1927847 34484 2480745
41800 3122821 47654  IBG36505 53326 4683042
98016 5598702 42910 4590190 67244 7657884

3
3 0 3535 35
2 020 20 20
3 025 25 25
4 020 20 20
3 0 10 10 10
6 013 13 13

7 0 30 30 30
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4.0

822

000,000
7500,000
9025.000
9750,000
10450000
12351, 000
14450, 000
16B60,000
18294, 000
19740,000
21440, 000
22600,000
24012, 000
25075,000
26973000
28925.000
30580.000
32823.000
34187, 000
35062,000
36130,000
236150,000

2

rJ3

1172,0125000.0

268,000
200,000
200,000
200,000
200,000
209,300
296,700
300,000
330,000
376,600
422,400
456,200
473,000
493,400
511,300
596,700
399,000
00,000
600,000
400,000
600,000
600,000
600,000
11153  93.4
1181,0 5362.7
1230.3 12740.0
1279.5 24914,5
1328.7 41800.1
1377.% 58015.8
1085.0 100.0
1086.5 46500.0
1088.0 10200.0
1089.5 13%00.0
1091.0 174600.0
1092,5 21300.0

4.0

824
156,000
100,000 1,000
1766,000 1,000
1989.000 1,000
2119.000 1,000
2566000 1,000
2707,000 43,250
2790,000 44,300
2899.000 46,000

320,000
200,000
200,000
219,700
240,400
238,000
300,000
349,700
415,300
430,000
488,400
523,200
344,500
581,400
610,500
656,600
£99,800
735,400
800,000
829,400
830,000
830,000
830,000
1148,3  494.7
1197.5 7793.4
1246,7 13845.3
1293,% 30975,5
1345,1 474540
1394,3 62910.8
1085.5 40000
1087.0 7700.0
1088,3 11400.0
1090,0 15100.,0
1091,3 188000
1093.0 22500.0

164,000
1,000
1,000
1,000
1,000

43,730
46,500
48,000
50,500

360,000
200,000
206,300
241,400
266,600
300,000
336,550
400,000
464,620
315,000
550,000
593,900
626,000
669,300
704,000
797,400
799,750
850,000
911,900
964,900
950,000
1000000
1000.000

194,850
1,000
1,000
1,000

43,750
33,600
96.300
39,000
62,000

400,000
200,000
226,800
274,600
300,000
319,400
375,600
442,400
915,170
936,900
606,200
630,000
£92,000
731,100
761,200
824,300
871,900
930,400
899,200
1035, 000
1035, 000
1035, 000
1035.000
1164,7 33111
1213.9 10023.7
1283,1 19945,4
1312,3 36468,0
13561.5 47654.0
1410,7 £7246.6
10B4,0 5200.0
1087,5 8900.0
1089.0 12400.0
1090.5 16300.0
1092.0 20000.0
1093,0122500.0

213,000
1,000
1.000

43,000
45,250
37,000
61,000
43,000
66,300

440,000
200,000
244,000
300,000
311,200
344,300
406,500
449,500
358,400
607,000
448,400
635,400
730,000
792,800
829,200
883,400
930,000
1010.200

. 1035, 000

1035, 000
1035,000
1035000
1035,000

225,000
1.000
1,000

45,000
47,300
40,000
64,000
66,300
72,400

61

480,000
200,000
230,000
310,000
3364600
359,400
429,900
300,900
590,400
440,600
494,000
749,200
797,000
850,000
878,900
930,000
1024,400
1035,000
1035.000
1035.000
135,000
1035000
1035,000

262,500
1.000
44,300
32,500
36,250
70,000
74,600
76230
80,040

500,000
200,000
265,400
326,100
347,800
176,600
445,000
323,800
609,300
634,800
718,700
781,400
822,400
849,400
#00,000
979,600

1035,000

1035,000
1035,000
1035,000
1035, 000

1035.,000

1035,000

290,000
435,000
47,500
96,280
60,000
73,000
80,000
82,500
86,200

520,000
200,000
265.4
3261
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3.0 RECOMMENDATIONS

PISIM-I is oriented towards the analysis of complex
river basin water management problem by those individuals
who are closely associated with these problems, the actual
planners and managers of water resources. Even though it is
a long term water management model, it could be used to
evaluate the impact of alterantive plannings although it will
not select a specific plan. It requires the complete under-

standing of the various system elements by the decision maker.

The model described here is capable of simulating water
storage, transport,power potential and distribution morpho-
logy of a river basin system through the Out-of-Kilter Algorithm
to find out the local optimal solution for each time period.
However, irrigation is considered primary and power as secon-
dary. Since energy production is fast becoming one of.the
important political and economical issues and also hydro-
power is inexpensive and pollutant-free, the option of power
release as primary either throughout the simulation period
or some periods of the year may be considered in further
studies.

In this model ten-daily demand is to be supplied by
the user to decide upon the releases. Here it is recommended
that future efforts may be devoted to the study of the possi-

| bility of expanding the irrigation sector of the model to
include crop water requirements,perhaps based on evapotrans-

piration prediction.

89

RIS RD o ML 8 i




4.0 ACKNOWLEDGEMENTS

The study was conducted through the intensive use of
Texas Water Development Board river basin simulation Model
SIMYLD and adopting their optimization alogrithm. The
'reservoir factor' used in this study is conceived through
the discussions and publications of Bhakra Beas Management
Board, Nangal. The use of variable maximum storage capacity
in reservoir operation model was inspired by the Irrigation
Department,Govt. of Gujarat. Acknowledgements and thankful-

ness are due to the above three agencies.

920




1.

REFERENCES

Bhakra Beas Design Organisation(1970,' Designer's
criteria for operation,maintenance and observattion-
Volume-1,Gobind Sagar,' BBMB,Nangal Township
(India).

Central Board of Irrigation and Power,1981, Optimum
Scheduling of generation at sharavalty generating
station and Bhakra Dam Power Station', Technical
Research Report No.28,New Delhi.

Fulkerson (1961),' An Out-of-Kilter Method for
minimum cost flow problem', J.S.I.A.M. Vol.9.

Texas Water Development Board(1971),' Economic
Optimization and Simulation Techniques for Management
of Regional Water Resources System- River Basin

Model - SIMYLD', Austin,USA.




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	2018-09-26 (1).pdf
	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034


