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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 resources 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 depend: 

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 demands 

and quantity of water that should be stomd depends upon the 

user assigned working rules. Even though the model is capable 
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of allocating water to meet the demands for power,irrigation 

water supply is considered to be primary. 

1.2 Terminology 

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. 

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. 

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. 

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 
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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: 

Calculate the average of ten daily flows from the 

available records. 

Calculate the average losses or gains between the 

point of release and the point where a desired 

indent is required. 

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. 

Substract/add the above two items of losses/gains 

from the available average flows 

Convert this available average flow into volume 

unit for each period and find out successive totals 

starting from end of the water year ( May 31st ) 

and working backwards. This is the cumulative 

available flow. Similarly cumulative indent on 
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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. 

Nodes 

Reservoirs and non-storage junctions are represented 

by nodes. 

Links 

River reaches and canals are represented by links. 

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 seasonal 

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. 
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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 : 

All storage nodes and linkages must be bounded from 

above and below. 

Linkages must be unidirectional. 
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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 

releases for other purposes like irrigation,drinking 

watee supply etc. 

/) Wi.ter levels for the purpose of power computation and 

:or evaporation determination are considered on the 

„Ivefaqe basis during the ten daily period. 

2.1 Mathematical Formulation 

With the given set of constraints (boundaries) of mass 

balance 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.' 
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Minimize W. .E .E qij 1=1 3=1 

N N 

The objective function is 

subject to: 

E  q. . - = 0 j - 1,  
i=1 1'3 = 1' 1 31 

1ij < Gi u for i,j=1, ld ij  

1. . > 0 13 - 

where, 

flow from node i to node j 
13 

w.. = weighting or priority factor per unit of flow 13 

for node i to node j 

1.. = lower bound on flow in the linkage connecting 

node i to node j 

u.. = upper bound on flow in the linkage connecting 13 

node i to node j 

Thei 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. 

R = ES.+E I., t+1 
i=1 it i=1 

where, 

W = (SUl' t+1) .E 
1=1 

N = number of reservoirs in the system 

t = current time period 

Si,t= end of period t storage in reservoir 1 

SU. = Unit reservoir capacity, for the reservoir 1 
i,t+1 

and time period t+1 

t+1 = Inflow during the period t+1 

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 

average state as fractions of the total sub system unit 

storage capacity of each time period. 

LB = X W 1 

UB = X2 W 

where, 
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LB Lower bound of average state 

UB = Upper bound of average state 

X1 = 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. In 

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 : 

R.F. = 
S
t 
+ F

t' 

 

It, 

St  = last month end ( this month beginning) storage It. 

Ft, = 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. 
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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 meanf low 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 
5 

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; 6 

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 7 

post reservoir conditions: 

PISIM-1 does not evaluate the optimal working rule but 
8 

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. 
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2.2 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 
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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 
a 

is based on ten daily operating criteria in terms of the 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 or 

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. 
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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 

capacity table should yield in  

area given in the elevation 

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 
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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. 
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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 
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RIVER BASIN SIMULATION COMPUTER PROGRAM 
FOR IRRIGATION AND POWER OPERATION 
IRRIGATION RELEASES ARE BASED ON RESERVOIR FACTOR 
NATIONAL INSTITUE OF HYDROLOGY ROORKEE 
COMMON/CONTRUKIN,KOUT,KAPEI/KAPEMAPEMPNCH 
OPEN(UNIT=IrRECORD SIZE=/20rSTATUWOLD'fFILEr'IOD•DAT9 
OPEN(UNIT=20IFILE=INN,BIN',FORWUNFORMATTEWYSTATOWNEW) 
OPEN(UNIT=bRECORD SIZE=132rSTATUS=1NEW,FILEr'OUT,DAT') 
READ(1,11) KIN,KOUT,KAPE1 

II FORMAT(10b8I5) 
CALL CARDS 
CALL OUT1 
CALL DATAI 

CALL SETNET 
CALL OPRATE 
CALL OUT3 
CLOSE(UNIT=1) 
CLOSE(UNIT=20) 
STOP 
END 

SUBROUTINE DATA! 
INTEGER RCAPrRMIN,FSTART/RLADIRLON,ACTAB,DEM,DEMR,OPRP,SPI 
1CMAX,CMINtSTARTrUREG 
COMMON/CONTRUKIN,KOUT4APEI 
COMMON/PARM/NJARES,NJUNC,NUNCAYEAR,ND,NS,IYEAR,IMP,TITLE(20), 
INR 
COMMONARKD/START(20),STEND120)9USE(20),UREG(20),ISHTM(20,36), 
IISPIL12046/rAREAX(20)!EVPT(20)tAMAX(20),AMIN(20)!IAREA(20) 
COMMON/PRNT/ICAP(20,36,13),TOTLS(20,20236) 
COMMON/RESV/RNAME(20,2) ,RCAP120/AMIN(20),FSTART(20)fIVCAP(20) 
1,NPRES(20),ACTAB(20,20/2),OPRR13,20,36/YOPRP13,10),SP(20),DEM 
2(20),DENR(20r3) ,OEMD(201,36)1EVAP(2046),U120736)0IMP(36)FINPRT, 
3ARF(15t36),AREG(36),RVCAP120,36WWP(203 
COM9fON/LINKANDDE(200a)!CMAX(200)tCMIN(200) 
COMMON/CONFAC/AVROLO/AVRGHI,CONFLO,CONDEM,CONINF,CPCTASRS, 
ILRULE,JESVOL(20) 
COMMON/RFAC/NODMP(15),NADMP(15,15),EXOUT(15,36),FAC(15,36),IAVEP 
1(15,37)ARFrEXINF115r36/61.(15,36) 
COMMON/DEMON/DEMON(20,36) 
DIMENSION IVOL(20) 
DIMENSION W(20,20,36)11420,20,36),E(20,20,36) 
EGUIVALENCEN(IrlifirICAParlr17) 
REWIND KAPEI 
REANKIN:11)1(04(I,J,K),01/36),Ir1yNYEAR/0=100, 
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1(((D(IOrK)FK=1f36)tIr1rNYEAR)r,I=1,14,1) 
READ(KIN,12) (((ECI,J,K),K=1,36/YI.1,NYEARW:1,NRES/ 

12 FORNAT(12F8,3) 
11 FORMAT(12F80) 

DO 5 IY:IrNYEAR 
WRITE(KAPED ((WIYO,K),K=1,361,J=1,NJ),(0(IY,J,K),K=1,3611 
1J=1114J)e(fE(IYrJrK),K=1136):J=1ARES1 
YPE 11, ((W(TYYJ,K),K=1,36),J=1M),(0(1Y,J,K/IK:1,361! 
.1.1rNJ),(CE(IY,JfK)rK=1,16/rJ=1ARE3) 

5 CONTINUE 
REWIND KAPE1 
RETURN 
ENTRY DATA2 
READ(KAPE1)NUCJ,KM=1/36),J=140),((DEMON(J,K),K=1,36)! 
1J=1,1LOWEVAP(JIK)A=1,36/eJr1rNRES) 

199 CONTINUE 
DO 6 J=IINJ 
DO 6 K=1,36 
U(J,K)=U(J,K)*CONINF 
DENON(JrK)=DENON(JrK)*CONDEN 

6 CONTINUE 
RETURN 
ENTRY RULEMON) 
TSUBMX=040 
WTRSYS=0,0 
IF(NRES,E0.0) SO TO 10 
DO 8 J101rNRES 
IVOLUN)=0 
DO 7 KN=1rNSRS 

7 IF(JN,EMESVOL(KN)) IVOLUNIrl 
TSUBNX=TSUINOKT(JNrMON)*IVOLUN) 
ITENP=STARTUNDAREG( JN) 
TENP:FLOAT(ITENP) 
WTRSYS=WIRSYSHENP*IVOL( JN) 

8 CONTINUE 
10 CONTINUE 

LRULErl 
XNAX=TSUBMWAVENI 
KNIPTSUBNUAVROLO 
IRWTRSYS.LT.XMIN)LRULE=2 
IF(WTRSYS.8T,XNAX) LRULE=3 
IF(AVROL0,11.0,0 LRULErl 
IF(AVRONI.LE,0.0)LRULE=1 
RETURN 
END 

SUBROUTINE AREA(KYY) 
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INTEGER RCAP,RNIN,FSTART,RLADFRLON/ACTAF,DEM,DEMRIOPRP6P 
COMMON /CONTRUKINFKOUTtKAPE1 
COMMON/PARM/NJ,NRES,MJUNCOL,NCOYEARADASYIYE1RIIMP,TITLE(20), 
1NR 
COMMON/RESV/RNAME(2012)yRCAP(20) ,RMIN(20)+FSTART(20),IVCAP(20) 
1iNPRES(20)rACTABI20r20r2) ,OPRR(3,20r36)rOPRP(340)0(20),DEM 
2(20),DENR(2013),DEMD(20t36),EVAP(20,36)0(20,30,IIMP(36),IMPRT,  
3ARF(15r36)FAREG(36)4IVCAP(20,36)fNWP(20Y 
CONMONARKB/START(20),STEND(20),USE(20),UREC(20)1IGHTM(20,26),  
IISPIL(20!36)AREAX(20)rEVPT(20)41MAX(20)fAMINf20ifIAREA(20\ 
INTEGER X(20)/Y(20) 
IF(NRES,E0,0) GO TO 11 
DO 10 J=1,NRES 
DO 5 I=1,18 
IFOUP-ACTAB(1,1,2)) 2,3,5 

5 CONTINUE 
YU:AMAMI) 
GO TO 10 

3 Y(J)=ACTAB(J,I,1) 
GO TO 10 
X1=ACTAB(JII32)-ACT4B(J,I-1,2) 
71=ACTAB(JyIr1)-ACTAB(JrI-1s1) 
X24(1)-ACTAB(1,1-1,2) 
33:(32/31)171 
7(1)=ACTAB(J,I-1,1)+IFIX(X3) 

10 CONTINUE 
11 CONTINUE 

RETURN 
END 

SUBROUTINE 0071 
INTEGER RCAP,RMIN,F$TARTIRLADIRLONIACTABYDEMEMR,OPRNSP,  
1CHAX,CMIN 
COMMON /CONTRUKINYKOUT,KAPE1 
COMMON/PARM/NARES,NJUNCALACAYEAR,ND/NS,IYEAR,IMPITITLE(20),  
1NR 
COMNON/RESV/RNAME(2012),RCAP(20),RMIN(20),FSTART(20MVCAP(20) 
ItNPRES(20)ACTAB(20a0r2)10PRR(3,20r36)rCPRP(3110)fSP(20)tDEN 
2(20),DEMR(2013/080(20,36),EVAP(20136),U(20,36),DIMP(36),IMPRT,  
3ARF(15,36)/AREG(36),RVCAP(20r36),MWP(20) 
COMNONAINKANODE(20012),CMAX(200),CMIN(200) 
CONNON/CONFAC/AVROLOrAVRONIrCONFLOrCONDEMYCONINFt 
1CPCTAGRG,LRULEOESVOL(20) 
COMMON/POW/ NROW(5),NCOL(5),F(5,25,25),EATAB(5,18,2)rTWTAB(5,10,2)i 
IPLTAB(5r18a)r 
1NNET(36,5),FDIS(36,5/ICELE(36,5),CTWL(36,5),ROW(5/25),  

1C01(5r25)/AREA(366)HYDL(20) 
COMMON/RFAC/NODMP(15),NADNP(15,15),EXOUT(15936),FAC(15,36),IAVEP(15/37) 
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1rNRFrEXINF(15r36)rST(15r36) 
DIMENSION COND(3) 
DATA COND/4HAVROr4HDRY r4HWET / 
WRITE(KOUT,11) TITLE 

11 FORMAT(///////25Xr'RIVER BASIN SIMULATION PROGRAM 
1 #14 NATIONAL INSTITUE OF HYDROLOGY 1141//25b20A4) 
WRITE(KOUT113)NJARES,NLARrIYEARAYEARt 
1NDrNSARFrIMP 

13 FORMAT(//25X,'NUMBER OF NODES =',I5 
1r14Xr'NUMBER OF RESERVOIRS =1rI3//25X,INUMBER OF 
1 LINKS =',I5,11)(11NUMBER OF RIVER REACHES =1,I3r// 
110XriCALENDAR YEAR OPERATION STARTS =',I5r7Xr 
l'NUMBER OF YEARS TO SIMULATE =',I3//18X,'NUMBER OF DEMAND NOD 
2ES erI5,13X,'NUMBER OF SPILL NODES =143//11)(r'NO OF RESERV't 
l'OIRS WHERE RkF USED=',I5,23WIMPORT NODE =',I3) 
WRITE (KOUT/15) 

15 FORMAT(///lOWNODE NOp'r3X,'NODE NAME'r4b9(1H-), 
1' CAPACITIES 1r9(1H-)6WYEARLY'110XrITURPINE1/36)(r'MAXIMUM MINIMUM 
1 STARTING1r5WDEMAND'r5WCAPACITY IN Urn 
DO 5 J=1rNJ 
IF(J.NE.20)60 TO 5 
WRITE (KOUTr11) TITLE 
WRITE(KOUT,15) 

5 WRITE(KOUT,17)Jo(RNAME(JrI)/1=1,2),RCAP(J),RMIN(J),FSTART(J),DEM(J), 
1MWP(J) 

17 FORMATUIMI3r8b2A4r4Xr2I1011X,I10,3X1I8,6X,I5) 
WRITE(KOUTt11) TITLE 
WRITE(KOUTr19) 

19 FORMAT(//lOWSYSTEM CONFIOURATION',//lOWLINK NOe'r4X,'FROM 
I NODE'r5WTO NODE'r7Xr'MAX, CAPACITY'r4X“MIN, CAPACITY') 
00 10 L=IINL 
IF (MOD(L,20),NE,0) BO TO 10 
WRITE(KOUT/11) TITLE 
WRITE(KOUTr19) 

10 WRITE(KOUT,21) Lr(LNODE(LrI),I=1,2),CMAX(L)1CMIN(L) 
21 FORMAT(/10Xr2XrI2r12LI2r12XrI2r9XrI10r7XrI10) 

WRITE(KOUTr23) (SP(I),I=IrNS) 
23 FORMAT(///lOWLIST OF SPILL RESERVOIRS - '11415) 

WRITE(KOUTr25) IMPRTOIMP 
25 FORMAT(//lOWYEARLY IMPORT QUANTITY = ',I8//10X, 

1'10 DAILY IMPORT DISTRIBUTION - 112F5.2r/2(44)(112F5.2/)) 
WRITE(KOUTr24) (JESVOL(I),I=1rNSRS) 

24 FORMAT(//10)(r'SUB-SYSTEM OF RESERVOIRS ',1415) 
WRITE(KOUT06) AVROLOrAVRGHI 

26 FORMAT(//10WAVERAGE DEFINED AS BETWEEN'rF5ar' AND', 
1F5.2,1  FRACTION FULL OF SUBSYSTEM') 
WRITE(KOUT122) CONFLOrCONINFrCONDEM 

22 FORMAT(//10X, 'FACTORS7/15Xr 
I'MULTIPLY LINK CAPACITIES BY ',F8,3//15WMULTIPLY INFLOWS BY 
1  ',F8,2//15WMULTIPLY DEMANDS 
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WRITE(KOUT1125) (TUTAB(I,J,K)Alt1y2),J=1118) 
215 CONTINUE 
225 FORNAT(/10WHEAD—DISCHARGE POWER TABLE IN Mtle FOR RESERVOIR: 1,W) 

DO 114 &WIRES 
IF(NRRES(N)) 114,113,114 

113 WRITE(KOUTt225) N 
WRITE(K0071230) 

230 FORMAT(60Xy'HEAD9 
WRITE(KOUT1112) (ROW(N,L)YL:lyNROW(N)) 

WRITE(KOUTt235) 
DO 116 J21,NCOL(N) 

235 FORMAT(1Ky'DISCHAROE') 
WRITE(KOUTy115) COL(NOt(F(NrI,J),1=1,NROW(N)) 

112 FORMAT(13Xr8F1082) 
115 FORMAT(1X,F1Ot2,2148F10,2) 
116 CONTINUE 
114 CONTINUE 

WRITE(K0U11176) 
176 FORMAT(//15WCUMULATIVE INDENT ON RESERVOIR FROM JUNE 1 ST'/15X,40 

1(1H1)/20XygTABLE STARTS FROM JAN 1 ST)'/) 
PO 180 IrlyNRF 
WRITE(KOUTY210) I 
WRITE(KOUTy184) (EXOUT(I07.1=1,36) 

184 FORMAT(1)&12F10.1) 
180 CONTINUE 

WRITE(KOUT1185) 
185 F0RMAT(//15WCUMULATIVE AVAILABLABLE INFLOW FROM JUNE 1 ST115X,40 

1(114)/20W(TABLE STARTS FROM JAN 1 ST)') 
00 190 IrlARF 
WRITE(K0111r210) I 
WRITE(KOUTY184) (EXINF(I00=1,36) 

190 CONTINUE 
WRITE(KOUTy192) 

192 FORMAT(//15WAVERAGE FLOW INTO THE RESERVOIRS1/15X,32(1HB)) 
DO 195 IrlyNRF 
WRITE(KOUT,210) I 
WRITE(KOUTr184) (ARF(IyArJ=Ir36) 

195 CONTINUE 
WRITE(KOUTy250) 

250 FORMAT(/16X,' NORMAL STORAGE FOR UNIT R,F1/16X,27(1Ht)!) 
DO 196 I=1rNRF 
WRITE(KOUTi210) I 

196 WRITE(KOUTrI84) (ST(IrMON),NON=1,36) 
RETURN 
END 

SUBROUTINE OUT2(19) 
INTEGER RCAF tRMIN,FSTARTyRLABALONyACTAB,DEMOEMR,ORRRySF 
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COMMON /CONTRUKINfKOVT,KAPE1 
COMMON/RESV/RNAME(20/2),RCAP:20),RMIN(201!FGTART20),INCAP(20) 
1rNPRES(20),ACTA9(20f20,2)!OPRRf3,20r36)?0PP.F13r1COPSA(20)rDEM 
2(20),DENR(20,3),DEMD(20r36),EVAP(2M620,36).:INN36),IMPRT, 
3ARF(15,36)rAREG(36)AVCAP(20r76)!MWF20Y 
COMMON/PARM/NJ,NRESiNJUNCAUNG,NYEAR,NDOC,DIACoINP.TITLE(20): 
1NR 
COMMON/PRNT/ICAP(20,36,13),TUILM0720,34 
COMMON/LNKFLWANKFLO(200,37)fLNKAFL(200/37)fLNKAX(200f37) 
COMMON/POW/ AROW(5),NCOL(5)4(5725,25)rEATAB(5,1872),TU14B(5/18,2), 
1PLTAB(5r18,2)f 

1HNET(3615),FDIS(36,5),CELE(36,511CTWL(36,5),ROW(5,25), 
1COL(5,25)TAREA(36r5),HYDL(20) 
CONMON/DPL/DLX(5015),DDLX(50,5).DLY(5015),DDLY(50,5),AP(50,5)00(5015),  
1POWR(50r5) 
COMMON/RFAC/NODMP(15),NADMP(15,15),EXOUT(15,36)YFAC(15,36)sIAVEP(15,37) 
1rNRF:EXINF(15,36)61(15,36) 
COMMON/DEMON/DEMON(20,36) 
ICALYR:IYEAR-1+IY 
KTD:0 
TYPE tr(NPRES(I),1:17NRES) 
DO 30 Jr1rNJ 
INMOD(JP2).E0.1.0R.J.E0.1) URITE(KOUT,11) TITLE,IY,ICALYR 

11 FORMAT(//20X:20A4//5PSIMULATION YEAR513,5WCALENDAR 
1 YEAR145) 
IF(J,GT.NRES) GO TO 25 
WITE(KOUT/14) JP(RNAME(J,I),1:112),RCAP(J),RMIN(J) 

14 FORMAT(/21WRESERVOIR NO'r13/2)42A4f4Xr'MAX. CAPACITY/dB, 
12WMIN, OPERATING POOL',I8) 
IIRITECKOUTP16) 

16 FORMAT(/15X,' INITIAL1,4X,'UREG1,2161UPSTRrOWSURFACE'r 
12)5'EVAP54WEVAP DOWNSTRM/r9Xf'DIVERTED'!IWDIVERTED't 
22WSYSTEM191Xt'END PER',2WOPERTGIWRF1,4WACTVIWPERID 
3SRORAGE INFLOWS SPILLS DEMAND AREA RATE LOSS SP 
4ILLS SHORTAGE INTO OUT LOSS CONTENT RULE'18:411DEMD1) 
DO 17 MON=1,36 

17 WRITE(KOUT318) NOWICAP(JIMON,1),I=1,5),EVAP(J,MON),(ICAP 
1(JtMONPI)14:6r13)fFACOrMONWEMON(JFMON) 

18 FORMATUXtI2,1b5I811X,F5.271X9I5,2I8,18,4I9IF7.3,1X,F8,0) 
WRITE(KOUTF20) (TOTLS(J,IYifirI=2r4),(TOTLS(J9IYifir1=6,11)tTOTLS 
107IY,13) 

20 FORMAT(/5X, YEAR TOTALS 53F94,15b3F9,00,0,2F9,0,8X,F10.0) 
GO TO 30 

25 WRITE(KOUT726) ii(RNAME(J9I171=1,2) 
26 FORKAT(/1WDEMAND NODE'd3r2b2A4/121WMONTH'f9WDEMAND1  

195)010H SHORTAGEITWUREG.FLOWOWACT.DEAD') 
DO 27 MON:1,36 

27 NRITEMOUT,28) MON,ICAP(MON14)rICAP(J,MON,8),ICAP(JIMON!2),DEMON 
1(JrNON) 

28 FORNAT(21X,I3,7X,I10,2(5X,I10),4X, F9,1) 
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WRITE(KOUTF29) TOTLSOFIY,4)tTOTLS(JaYre)rTOTLS(Jrna),TOTLE 
1(JIIY913) 

2? FORMAT(20W YEAR TOTALS1 r4(F10.0,510) 
30 CONTINUE 

WRITE(KOUT,11) TITLE,IY,ICALYR 
WRITECKOUTr32) (I,1=100 

22 FORMATMOWLINK NO1 /7110/476'PERIOD9 
DO 35 L=IAL 
LNKFLO(037)=0 
DO 331:1,36 
INFFLOCL,37)=LNKFLO1L/37)+LNKFLOCLYI)/36 

33 CONTINUE 
35 CONTINUE 

DO 34 I=1!31 
34 WRITEMUT,32/ 1,(LNKFLOCL,II,L=1/NL) 

WRITEWOUTr37` (LNKFLO(Lf37)fL=IrNLI 
37 F3R11A1(10WAVERA6E',7110) 
32 FORMAT(SX!IWYt7I10, 

CALL POW 
RETURN 
END 

SUBROUTINE OU13 
COMMON /CONTRLIKIMOUT,KAPE1 
COMMON/PARM/NJ,NEES!NJUNCAL,NC,NYEAPANNS,IYEARIIMPYTITLE120)3,  
1NR 
COMMON/PRNT/ICAP(20,3671311TOTLS(20t20,36) 
COMMONANKFLWANKFLO(200r37)FLNKAFL(200r37/fLNKMX(200737/ 
DIMENSION AVE121,XMA(2) 
DIMENSION DNA(2) 
rATA AUEPAVERYAGE 1/YXMAPMAXIYMUM '/ 
DATA DHAPNODE5'YEAR1/ 
IPTOB=0 
IPTOU=0 
IPT01=0 
IPTED=0 
IPTOS=0 
IPTOL=0 
IPT06=0 
IPTOAD=0 
DO 4 KY=1,14YEAR 
WRITEKOUT,11) TITLEONA(2),KYONA(1) 
DO 4 J=1744J 
WRITEWOUTY12) Jr(TOTLEJFKY,N),N=1,2),TOTLEJAY,4), 
1TeLS(J4141),TOTL5(JAYr6)t(TOTLS(JrKYrN)/N=Ilt12)rTOTLS(JEKY,13) 
DO 7 J =1, NJ 
WRITENOUT,III TITLEIDNA(1),JONA(2) 
DO 6 KY=ItNYEAR 
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WRITEMOUT.12) KY,CTOTLEJAY,N),N=1,2),TOTLEJAY34), 
ITOTLSWAY,SWOILS(JAYr6),(TOTLSWAYrN),N=I1f12)rTOTLEJAYr13) 
IFT2B=IPTOPTOTLEJIKY,1) 
IPTOO=IPTORTOTLS(JrKYr2) 
IPTOD=IPTOPTOTLS1J,K1s0 
IPT0S=IPTOSHOTLS(JAYt8) 
IPTOE=IPTOBTOTLS(J,KY,6) 
IPTOL=IPTOL+TOTLEJAY41) 
IPTOO=IPTOPTOTLS(J,KY,12) - 
IPTOAD=IPTDAUTOTLS(JrKYr13) 
CONTINUE 
WRITUKOUT,13) IPTOU,IPTODIIPTOS,IPTOE,IPTOL,IPTOAD 
IPTOU=IPTOU/NYEAR 
IPTOD=IPTOD/NYEAR 
IPTOS=IPTOS/NYEAR 
IPTOE=IPTOE/NYEAR 
IPTOL=IPTOL/NYEAR 
IPTOADIPTOAD/NYEAR 
WRITEMUTI14) IPTOU'IPTODFIPTOSYIPTOE,IPTOL,IPTOAD 
IPTOD=0 
IPTOU=0 
IPTOD=0 
1PTOS=0 
IPTOE=0 
IPTOL=0 
IPT00=0 
IPTOAD=0 
CONTINUE 
KY=100000 
WRITE(KOUT,11)11TLEJNA(2),KYYDNA(2) 

11 FORMAT(//////20b20A4//r2OXr'SIMULATION PERIOD TOTAL SUMMARY BY 
1 1,A4,18///5X/A4,' START, STN. UNREG, FLOW DEMANDS 
1 SHORTAGES EVAPORATION SYSTEM LOSS ENDING FRG, AC.DEMAND') 
DO 15 KY=1,NYEAR 
DO 10 J=2rNJ 
DO 8 N=1,13 
TOTLE1,MY911)=TOTLS(1,KYIN1+TOTLS(J,KY,N) 

8 CONTINUE 
10 CONTINUE 

WRITE(KOUT712) KY,(TOTLS(19KY,N),N=1,2)1TOTLS(1/KY14), 
1TOTLELAYFEMOTLS(1rKYr6HTOTLEI,KYA)11=11r12/1TOTLS111KYr13/ 

12 FORMATS5X9I4,8F13,0) 
IPTOB=IRTOBHOTLEIrKYr1) 
IPTOU=IPTOPTOTLEITKYYD 
IPTOD=IPTODHOTLUIrlar4) 
IPTOS=IPTOS+TOTLS( 1AY,8) 
IPT0E=IPTOEH0TLS(IrKYt6) 
IPTOL=IPTOLHOTLS(1,KY/11) 
IPTOG=IPTOGH0TLSUAY/12/ 
IPTOAD=IPTOANTOTLS(IIKY,13) 
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15 CONTINUE 
WRITE(FOUTr13) IPTOUTIPTODIIPTOMPTOEIIPTOUIPTOAD 

13 FORNAT(//6Xr'PERIOD TOTALS'r3Xr5I13,13XtI13) 
IPTOU=IPTOU/NYEAR 
IPTOD=IPTOD/NYEAR 
IRTOS=IPTOS/NYEAR 
IPTOE=IPTOE/NYEAR 
IPTOL=IPTOL/NYEAR 
IPTOAD=IPTOAD/NYEAR 
WRITE(KOUT,14) IPTOUrIPTODrIPTOSIIPTOErIPTOL,IPTOAD 

14 FORNAT(//4Xr'PERIOD AVERAOES'r3Xr5I13113XrI13) 
16 FORNATU20)(r20A4/20Xr'SIMULATION 

1 PERIOrrIMA4r1Xr' 10-DAILY FLOWSWIWLINK NO'3Xr 7(8X,12) 
2/'SEASON NO .') 
DO 20 1=1,36 
'F(LM!) WRITE(KOUT,16)TITLE,AUEr(LrL=IAL) 

20 WRITE(KOUN7)Ir(LNKAFL(LJI),L=1,NL) 
17 FORNAT(6X,I4r1X, 7110) 

DO 24 1=1,36 
IF(I.E0.1) WRITE(KOUT,16) TITLE09101,(LrL=1,NL) 

24 NRITE(KOUTr17) Ir(LNEMX(LifirL=IINL) 
RETURN • 
END 

SUBROUTINE SETNET 
COMMON /CONTRUKIMOUTOCAPE1 
COMMON/PARM/NJ,NRESINJUNC,NLAtrNYEARrIMPrTITLE(20)AR 
COKNON/LINKANODE(200r2)!CNAX(200)1CMIN(200) 
CONNON/ADATA/NARCAMAWESIBUNTIME 
1401400)rNF(400)r111(400)4.0(400)rFLOW(400/tCOST(400) 
DO 5 L=1,14L 
NF(L)=LNODE(Lrl) 
NT(L)=LNODE(Lr2) 

5 CONTINUE 
NARC=NL 
N=1114.1 
DO 7 K=1,NJ 
NARC=NARC+1 
NF(NARC)=N 
NT(NARC)=K 

7 CONTINUE 
N=NJ+2 
DO 9 K=1,NJ 
NARC=NARCtl 
NF(NARC)=K 
NT(NARC)=N 
CONTINUE 
DO 11 K=1INJ 
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NARC=N4PC-11 
qF(NARC)=K 
rMNAPC1=N 

It CONTINUE 
Y=NJ+3 
De 13 K=1rNJ 
MARC:MARC-11 
NT(NARC)=N 

NF(NARC)=K 
12 CONTINUE 

NrNA4 
IF(NRES,E0.0) GO TO 20 
PO 15 K=1FNRES 
NARC=NARC41 

NT(NARD=N 
NF(NARC)=K 

15 CONTINUE 
20 CONTINUE 

NMAX=NA5 
NF(NARC.11)=NJ12 
NT(NARC1.1)=NMAX 
NF(NARC.12)=NJ+4 
NT!NARC+2)=MMAX 
NF(NARC+3)4.1+3 
NT(NARC4.3)=NMAX 
NF(NARC.14)=NMAX 
NT(NARC+4)=NA1 
NARC=NARC44 
RETURN 
END 

SUBROUTINE SUPER'S 
COMMON/ADATA/NRAN,FESIBLFNTIMEr 
1NA(400)9NF(400)7JSAVE(400),IL0(400),NC(400),ISAVE(400) 
COMMON IWV(100)eLABL(100),NODE(100),KIAL(100)!KOS(400)tMIR(400) 
COMMON JWV(400),NSAVE(100) 
LOGICAL FESIBL 
MAXA=200 
FESIBL=JRUE, 
INFIN= 100 000 000 
IFLOW=0 
KLAB=0 
KPOT=0 
KBRK=0 
IP=0 
NUMS=0 
IPL=0 
NR2=NR*2 
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NNIANI4 
IT(NTIME.6Te1) GO TO 12 
D0'5 I=IFNN1 
NODE(I)=0 

5 LABIUM 
00 10 M=1,NR 
N=MtNR 
I=NF(M) 
J=NA(M) 
IFLOW=NC(M) 
KOST=ISAVE(M) 
NODE(I)=NODE(I)+1 
NODE(J)=NODEUM 
NA(N)=I 
KOS(M)=NOST 
NOS(N)=—KOST 
NC(M)=JSAVE(N)—IFLOW 
NC(N)=IFLON—ILO(N) 

10 CONTINUE 
DO 11 1=1,NN1 

11 NSAVE(I)=NODE(I) 
GO TO 1401 

12 DO 13 I=1,NN1 
NODE(I)=NSAVE(I) 

13 LADL(I)=0 
00 14 M=1,NR 
N=M+NR 
IFLOW=NC(M) 
KOST=ISAVE(N)+NOS(M) 
KOS(M)=KOST 
KOS(N)=—KOST 
NC(M)=JSAVE(M)—IFLON 
NC(N)=IFLOV—ILO(N) 

14 CONTINUE 
1401 CONTINUE 

KL=1 
00 15 !MANI 
JK=NODE(N) 
NODE(K)=1 
JWV(K)=KL 
KL=JKHL 

15 MIDL(K)=KL-1 
DO 20 L=1,NR 
LL=LINR 
J=NA(L) 
I=NA(LL) 
NOST=NOS(L) 
N=NC(L) 
L0=—NC(LL) 
MAIN=2 
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MIRROR=2 
IF(KOST) 29r29r30 

27 IF(K)32,32,31 
30 /F(L0)35,36r31 
31 MAIN=I 
32 IF(KOST)33,34,34 
33 IF(K) 35,36,36 
34 IF(L0)35,36136 
35 MIRPOR=1 
36 GO TO (43t44)rMAIR 
43 II=JWVII) 

KIR(II)=L 
AV(I)=I141 
GO TO 45 

44 II=MIDL(I) 
MIR(II)=1. 

45 00 T0(46,47),MIRROR 
46 II=JWV(J) 

MIR(II)=LL 

00 TO 20 
II=MIDLCJI 
MIR(II)=LL 
MIDL(J)=II-1 

20 ?ONTINUE 
gO=INFIM 
NR2=NR*2 
001000 MAIN=1,NA 
MAINM=KAINI-MA 
PO 1000 MOPE =1,2 
00 TO 152,53),M0DE 

52 !MAIN 
JZ=MAINM 
GO TO 54 

53 II=MAINM 
JZ=MAIN 

54 IT(N0(11)) 65,55956 
55 IS(NCIMI 63,990,990 
5E IMOVII)).63!55,55 
63 I9=MA(2) 

JS:II 
IT=NA(II) 
IT-12 
GO TO 70 

4= Ir=140,13) 
MOW!) 
1042 
JT.II 

70 IPL=1 
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IPLL=1 
IPSO 
NUMS=0 
LABILIT)=JS 
I WYU PL) IT 

84 KLAP=KLAN.1 
50 TO Si 

8.5 IF(IPS-IPL)86,200,86 
£6 IPS:IPS+1 

IA=IWOCIPS) 
IBLNODE(IA) 
IE=M/DLCIA) 

87,87,85 
27 DO 90 JJ=IPrIE 

J=MIP(JJ) 
NONODE=NA(J) 
IF!LABL(NUNODE)) 90,88,90 

82 LABL(NONODEW 
IPL=IPL+1 
IWOCIPL)=NUNODE 
IF(NUNODE-IS) 10,96,90 

90 CONTINUE 
50 TO 85 

16 KBRK=KBRK+1 
97 IALPHOINFIN 

KO 
NOW:IS 

100 INABL(NOW) 
J1=IJ-NR 
IF(JI) 101,101,102 

101 JII.JI+NR2 
102 NEXT:NA(JI) 

K=K+1 
IF(KOS(IJ)) 105f405,104 

104 NET=-NC(JI) 
JWV(K)=NET 
GO TO 110 

105 NET:NC(IJ) 
JWV(K)=NET 

110 IALPHOMINNIALPHAFNET) 
IF(NEXT-IS) 111,120, 111 

111 NOW=NEXT 
-SO TO 100 

120 K:0 
NOW:IS 

125 TAABUNOW) 

IF(JI) 126;126,127 
126 JI=JI+NR2 
127 NEX12NA(11) 



K=K+1 
NC(IJ)=NC(IJ)-IALPHA 
NET=NC(JI) 
NETNU=NETEALPHA 
NUJI)=NETNO 
IF(K0S(J1)) 128,1271;128 

1271 IFINET) 1272,1272,128 
1272 IF(NEIN1J)128,128,1273 
1273 CALL LEFT(NOWI) 
128 IF(JWV(K)-IALPHA) 129,1281,129 
1281 CALL RIGNI(NEXT,D) 
129 !SCHWAS) 130,150, 130 
130 NOW=NEXT 

GO TO 125 
150 DO 155 I=ltIPL 

J=IWV(I) 
155 LAPL(J)=0 

GO TO 54 
200 KTOT=KPOTt/ 
201 KSET=NUMS 

REAM 
NOMS=0 
INTHRU=0 
MIN=INFIN 
NEW=NONS 
1ONS=NAKA4-1 
IF(KSET) 204,204,202 

2e2 IF(NEW-MAXA) 295,295,312 
295 NAKNEW=MAXONEW 

DO 310 L=NEW,NAKA 
K=MAXNEW-L 
KK=JWV(K) 
KKKAP(KK) 
IF(LARL(KKK)) 31.01300,310 

300 N0N2=NONS-1 
JWV(NONS)=KK 

110 CONTINUE 
312 20 203 K=1,KSET 

KK=JOV(K) 
KK,K=NA(KK) 
IF(LABL(KEK)) 203,2021,203 

2021 ISMER)) 2023,2023,2022 
NUMS=NUMS41 
JWV(NUMS)=10( 
NIN=MINO(NIN,KOS(KK)) 
30 10 203 

2023 N0NS=N0N9-1 
JWV(NONS)=KK 

203 C2STINW7  
204 ANTNUE 
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IF(IPLL-IPL) 2039,2039,2111 
2039 DO 211 LL=IPLL,IPL 

L=11411(LL) 
JMID=MIDL(L)+1 
JRT:NODE(14.1)-1 
IF(JMID-JRT) 2045,2045,211 

2045 DO 210 KK=JMIDIJRT 
K=MIR(KK) 
T=NA(K) 
IF(LABL(I)) 210,2040,210 

2040 IF(NC(K)) 206,2041,2041 
2041 IF(KOS(K)) 206,206,205 
205 NUNS=NUMS+1 

IWV(NUMS)=K 
MIN=MINO(MIN,KOS(K)) 
00 TO 210 

206 NONS=NONE-1 
JW0/NONS/4, 

2/0 CONTINUE 
211 CONTINUE 
2111 1PLL=IPL+1 

IFfNUMO1 212,212,215 
212 FESIBL=4FALSE. 

CALL DUMPO(NR,II) 
PRINT 2125,15r1Tr/I 
PRINT 2121,(I,LABL(I),I=1,NN) 
PRINT 2/22,(IfINV(1),I=IrIPL) 
FAINT 2123,(JWV(I),I=NEW,MAXA) 

2/21 FORMAT(' LADLES, BY NODEY(5(Pri=s1110))) 
2122 FORMAT(' LABELED NODES (IWV)7 (10110)) 
2123 FORMAT(' THE SET (LrL-)r NON-S1/(10I10)) 
2125 FORMAT('01S=',15,' I1=',I5,10WINFEASIBLE ARC=',15) 

RETURN 
215 DO 230 1=1,14VMS 

/J=JWV(I) 
JI=IJ-NR 
IF(JI) 216,216,217 

2/6 JI=IJI-NR • 
217 KOST=KLISCID-MIN 

KOSUJ)=KOST 
KOS(JI)=-KOST 
IF(KOST) 2307218:230 

218 IF(NC(IJ)) 230,230,220 
220 NODEB=NA(IJ) 

CALL LEFT(NA(J1)91J) 
IF(LABL(NODEB)) 230,223,230 

223 LABL(NODEB)=IJ 
IAL=IPL+1 
AV(IPL)=MODEB 
IF(NODEB-IS) 230,225:230 
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225 IMTHRU=1 
220 CONTINUE 

IHNONS-MAXA) 240,240,345 
240 DO 270 I=NONSIMAXA 

IJ=JWV(I) 
MU-MR 
IF(JI) 242,242,244 

242 JI=IJIAR 
244 KOSTA=KOS(IJ) 

KOSTS=KOSTA-MIN 
KOS(IJ)=KOSTB 
KOS(JI)=-KOSTB 

260 IF(KOSTA) 270,262,262 
262 IF(KOSTB) 264/270,270 
264 IF(NC(IJ)) 270/269,269 
26? IF(NC(JI)) 270+270,2691 
2691 CALL RIOHT(NA(IJ),JI) 
270 CONTINUE 

OUT OF KILTER CHECK 

345 IF(NC(II)) 360,350,351 
350 IF(NC(J7)) 360,980,980 
351 IF(KOS(II)) 360,350,350 
360 IF(IMTHRU) 361,361+96 
361 IF(IPS-IPL) 84,200,84 
980 DO 981 I=IpIPL 

J=IWV(I) 
981 LABL(J)=0 
990 CONTINUE 
1000 CONTINUE 

TOTAL=0/ 
DO 1010 I=1,NR 
KOS(1)=KOS(I)-ISAVE(I) 
NE(1)=JSAVE(I)-NC(I) 
TOTAL=TOTALiNC(I)IISAVE(I) 
IF(ISAVE(I).E8.0) ISAVE(I)=1 
TOTAL=(TOTAL/ISAVE(1)4NC(IMI9AVE(I)  

1010 CONTINUE 
RETURN 
END 

SUBROUTINE RIONT(I,INDEX) 
COMMON/ADATA/NRINN,FESIBLATIME1NA(400),NF(400) /JSAVE(400)  

1,IL0(400),NC(400),ISAVE(400) 
COMMON IWV(100),LABL(100),NODE(100)/MIDL(100)71(05(400),MIR(400)  

COMMON JWV(400) 
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MID=MIPLU) 
IA:NODE(I) 
DO 1 IIrIA,MID 
IF(MIRCID—INDEX) 10,1 
CONTINUE 
414N 
WRITE(6,900) DINDEXYKWAY 
IFROM:NODECl/ 
IT0=NODEMII-1 
URITE(6,710) IFROMINIDIAMITO,1K,MIR(K),K=IFROM,ITO) 

710 FORMAT(3I6/(20I6)) 
RETURN 

3 ITEMP:MIR(NID) 
MIRNID)=INDEX 
MINIDrITENP 
NIDL11)=MID-1 
RETURN 
ENTRY LEFT(I,INDEX) 
MINMIDUI/1-1 
tP=NODE1I+1/-1 
DO 10 II=MIDrIB 
IF1MINII)—INDEX) 10,12,10 

10 CONTINUE 
KAM 
GO TO 2 

12 ITEMP=MIR(NID). 
MINNID)=INDEX 
MINII)=ITEMP 
MIDLCI)=MID 
RETURN 

900 FORMATVNODE' ,I5,' ARC',I5,10ST ON SHIFT '.14, LOC' 
ENTRY DUMPO1NLINE31,110 
PRINT 1120,ID 
110, 1070 M=1,NLINES 
NWNR 
ISD4iN/ 
JrNA(M) 
L=ILO(h) 
K=JSAVEIM) 
KOST=ISAVE(NI 
KBAR=KOS(M) 
IFLON=K—NC(M) 
IF1IFLOW•LT.4.,OR.IFLOVfOLK) PRINT 1121' 
IF(GAR) 1065,1070,1067 

1065 IF(IFLOW.K1 PRINT 1122 
GO TO 1070 

1067 IF(IFLON•GT.L) PRINT 1122 
1070 PRINT 1125, Mr1rJelArIFLOW,KOSTADAR 
1125 FORMAT1315,3110,5X,2110/ 
1120 FORMATV1 ARC I J L K IFLOW 
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I KOST KPAR',I15/) 
1121 FORMAT(' THE FoLowime ARC IS PRIMAL INFEASIBLE') 
1122 FORMAT(' THE FOLLOWING ARC IS nuAL INFEASIBL9 

RETURN 
END 
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SUBROUTINE °PRATE 
LOGICAL FESTAL 
INTEGER HIrCOST,FLOW,START,STENDrUSErUREGrISHTM, 
IISPIUAREAbEVPIrAMAXrAKIN 
INTEGER RCAP,RMIN,FSTART,ACTABDDEM, 
IDEMR,OPRNSP,CMAX,CMIN 
COMMON /CONTRLAIMOUTAAPE1 
COMMON/PARM/UrNRES,NJUNCINUNCAYEARIND116,1YEARIIMPiTITLE(20), 
1NR 
COMMONIRKDISTART(20),STEND(20),USE(20)PUREG(20)rISHTM(20,36), 
IISPIL120/36/rAREAX(20)rEVPT(20)rAMAX(20)rAMIN(20)rIAREA(20) 
COMMON/FRNT/ICAP(20136,13)1TOTLS(20,20,36) 
COMMON/RESVANAME(20,2)rRCAP(20),RMIN(20),FSTART(20)1IVCAP(20) 
1,NPRES(20),ACTAB(20,20,2),OPRR(3,20,36),OFRP(3,10),SP(20),DEM 
'(20)rDEMR(20,3)1DEMD(20;36)FEVAP(20r36),U(20r36)PDIMP(36)rIMPRTI 
IARP15,36),AREG(36),RVCAP(20,36),MV(201 
COMMONIUNK/LNODE(200,2) ,CMAX(200),CKIN(200) 
COMMONANKFLW/LNKYLO(200,37),LNKAFL(200,37),LNKNX(200,37) 
COMMONIADATAINARCINMAX,FESIBLATIMErNT(400)MF(400) 
IFHP400),LE400),FLOW(400),COST(400) 
COMMONAPATARI(400),LARCS(400),IPT(400),LIST(400) 
COMMONICONFACIAURGLOrORRIrCeNFLOrCONDEM,CONINFI 
1CPCTASRSILRULErJESVOL20) 
COMMON/DEMON/DEMON(2036) 
COMMON'RFAC/NONT(15),NADMP(15/15),EXOUT(15,36),FAC(15,36),IAVEP 
1(15,37).NRFFEYINF(15r36rST(15120) 
ROFF=0,499 

ITCI=0 
4,(NPRESCI)d=1,NRES) 

DO 2 L=/rNL 
DO 2 1=1,32 
LNKFLO(LrI)=0 
LAAFUL,I)=0 
IAVEP(LrI)=0 
LNKMX(LrI)=0 
CONTINUE 
DO 4 J=11NJ 
START(J)=0 
STEND(J)=0 
EVPT(J)=0 
ITOT=ITOT4RCAP(J) 
DO 4 N=1r36 
ISNIM(JrN)=0 
ISPIL(JrN)=0 

4 CONTINUE 
SET LIMITS ON ARCS 

L1=N1+1 
L2=NLINJ 
L342+1 
L4424NJ 
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L5=L4+1 
L6=L4+NJ 
L7=L6+1 
L8=L6+Ni 
LT=L841 
LA=L8+NRES 
LII=NR+/ 
DO 5 L=1,NARC 
NI(L)=0 
LO(L)=0 
FLOW(L)=0 
COSTSL)=0 

5 CONTINUE 
DO 7 L=1,N1. 
NI(L)=CMAX(L)*CONFLO 
LO(L)=CMIN(L)*CONFLO 
COST(L)=0 

7 CONTINUE 
DO 8 L=1,NL 
COST(L)=1 
IF(L.GT,NR) COST(L)=2 
CONTINUE 
CALL AREA(RCAP,AMAX) 
CALL AREA(RMIN,AMIN) 

REWIND KAPE1 
ISTRT=1 
NYR=NYEAR 
NTIME=1 
DO 300 IY=ISTRT,NYR 
DO 12 J=1,NJ 
DO 12 1=1,13 
TOTLS(J,IY,I)=0 

12 CONTINUE 
CALL DATA2 
IF(IY.GT41) GO TO 10 
IF(NRES.E0,0) GO TO 50 
DO 14 J=1,NRES 
STEND(J)=FSTART(J) 

14 CONTINUE 
50 CONTINUE 

ENTER SEASONAL LOOP 
10 DO 200 KON=1,36 

IFLA8=0 
GO TO 11 

43 IFLAG=1 
IA DO 16 MINJ 

USE(J)=0 
EUPT(J)=0 
UREG(J)=0 
START(J)=0 
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DO 16 I=1r13 
ICAP(MON71)=0 

16 CONTINUE 
DO 17 L=1,NARC 
FLOW(L)=0 

17 CONTINUE 
00 19 J=1,NJ 
USE(J)=IFIX(DENON(JrMON)) 
IF(DEM(J),GT,O) USE(J)=DEM(MDEMD(JrMON)ROFF 
URES(J)=IFIX(U(JrMON)) 
START(J)=STENO(J) 

19 CONTINUE 
DO 21 J=1,NREB 

21 AREG(J)=ARF(JrMON) 
IF(MON,GE,16.AND,MON,LE,27.0R.IFLA6,E0.1) GO TO 25 
DO 100 I-71,NRF 
FAC(IrMON)=MEND(I)-RMIN(1)+EXINF(IrMON))/EXOUT(I,MON) 
IF(FAC(IrMON),6E.1.0) GO TO 112 
DO 102 L=1,NODNP(I) 
DO 103 J21,NJ 

103 INNADMPUILI.E0,J) USE(J)=USEUSFAC(IYNON) 
102 CONTINUE 

GO TO 100 
112 FAC(I,MON)=1,0 
100 CONTINUE 

GO TO 20 
25 00 30 I=1,NRE 
30 FAC(IrMON)=1,0 
20 NOIMP=IMPRT*DIMP(NON)ROFF 

IF(IMP,NE,O) UREG(IMP)=UREG(IMP)+NOIMP 
CALL AREA(STARTrAREAX) 
CALL RULE(NON) 
104 
LO(NARC-3)=0 
DO 28 L=L171.2 
JN=NT(L) 
LO(L)=STARTUN)+UREGUN) 
NI(L)=LO(L) 
FLOW(L)=LO(L) 
ISUN=ISUNFLOW(L) 
NP=LiNJ 
NN=L+21INJ 
IF(RCAPUN),E0.01 60 TO 26 
IA=0 
IB=0 
XI=1,0 
IA=0,5*(AREAMJNYIANAMJNMEVAP(JN,MON)t)(14ROFF 
I9=0,5108EAX(JN)+AMINUNMEVAPUNINONMI+ROFF 
MINPOL=RNINUN) 
LO(NP)=IBMINPOL 
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IF(LO(LI.LT,LO(NP))LO(NP)=LO(L) 
IF(LO(NP),LT.0) LO(NP)=0 
LO(NN)=0 
HI(NP)=OPRR(LRULEONYMON)ISTUN,MONMA 
IF(HIMPUE.RMINUN)) HENP)=RMIN(JN) 
COST(NP)=-(1000-0PRP(LRULEYJN)*10) 
HENN)=RCAP(JN)-HENP)+IA 
IF(IVCAPUN/tGLO) HENN)=RVCAP(JN,MON)-HUNPHIA 
IF(HI(NWILLO) HI(NN)=0 
IF(HI(NP).OLLO(NP)) GO TO 26 
HI(NP)=L0(NP) 
HENN)=RCAP(M)-HENP) 
IF(IVCAPUNMT,O) HENNI=RUCAPUN,MON)-HI(NP) 
IF(HINNUT.0) HI(NN)=0 

26 CONTINUE 
FLOW(NN)=FLOW(L) 
LO(NARC-3)=LO(NARC-3)+LO(NP) 

18 CONTINUE 
FLOW(NARC-3)=ISUM 
HI(NARC-3)=ITOT 
FLOW(NARC)=ISUM 
HI(NARC)=FLOW(NARC) 
LO(NARC)=FLOW(NARC) 
MAX D=0 
DO 32 L=L7FLB 
JN=NF(L) 
HI(L)=USEWN) 
COST(L)=-(1000-DENRUNILRULE)*10) 
MAXD=MAXIMII(L) 

32 CONTINUE 
HI(NARC-I)=MAXD 
SPILL ARCS 
MAXS=0 
DO 34 L=L9PLA 
JN=NF(L) 
NTX=0 
DO 36 K=1,NS 
IF(JNiEGiSP(()tAND.NSiNE,O)NTX=1 
IF(NTLEGt1) GO TO 33 

36 CONTINUE 
K=0 

33 KS=K 
HI(L)=IT01110*NTX 
COST(L)=NTX/10000*(1+(S) 
MAXS=MAXS+HI(L) 

34 CONTINUE 
HUNARC-2)=MAXS 
CALL SUPERK 
NTIME=I 
IF(INOT,FESIBL) GO TO 450 
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INDI=0 
DO 42 L=1.7, L8 
JN=NF(L) 
INIFIX(DEMON(JUION)).EG.USEJN)) INDI=I 
ISNIMIJMON)=IFIX(DEMON(ArMON))--FLOW(L) 

42 CONTINUE 
DO 44 L=L91LA 
JR=NF(L) 
ISPILUN,MON)=FLOW(L) 
INIFLAG.E0.0.AND.I9PIL(JNAON).6T.O.AND.INDI.NE.1) 60 TO 43 

44 CONTINUE 
DO 58 L=L3,L4 
JN=NF(L) 
LN=IhNJ 
STEND(JN)=0 
STENDUN)=FLOR(L)+FLOW(LN) 

58 CONTINUE 
CALL AREA(STENNIAREA) 
DO 60 L=L3rL4 
JN=NF(L) 
X1=1.0 
EVPT(JN)=0.5*(AREAX(JN)4IAREAUN))*EVAPUNOONJUIROFF 
STENDUN)=STENDLIN)—EUPTUN) 
IF(STENDUNUT.0) STEND(JN)=0 
IF(IVCAPUN).6T.0.AND.STEND(JN).13E.RVCAP(JNOON)) STEND(JN)=RVCAP 
EAMON) 

60 CONTINUE 
IF(NRES.E0.0) GO TO 250 
DO 72 J=1rNRES 
ICAP(MONr1)=START(J) 
ICAP(MON12)=URES(J) 
ICAP(JrMONI4)=USE(J) 
ICAP(JrHONr5)=0.9(AREAX(J)+IAREA(J))+ROFF 
TYPE 5061 ICAP(Jr80165) 

506 FORMAT(2WICAP=IIB) 
ICAP(JrNON,6)=EVPT(J) 
ICAP(JrNONr8)=ISHIN(JrMON) 
ICAP(MON,11)=ISPIL(JrNON) 
ICAP(JrMONs12)=STEND(J) 
ICAP(JrtiONr13)=OPRR(LRULErJrNON)*ST(JrNON)+ROFF 
IF(ICAP(Jr1101613).LE.RKINCJI) ICAP(MON,13)=RMIN(J) 
IDN=0 
IUP=0 
IPI=0 
IP0=0 
IF(NR,E0.0)80 TO 65 
DO 66 L = 
LNKFLO(LrNON)=FLOW(L)/CONFLO 
IF(LN0DE(Lr1).E0.01DN=IDNI-FLOW(L) 
IF(LNODE(L.2).B.DIUP=IUKFLOW(L) 
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66 CONTINUE 
825 FORMAT(IX, 1825') 

ICAP(JrAONr3)=/UP 
ICAP(JrMONr7)=IDN 

65 IF(NC.E0.0)80 TO 67 
00 68 L=LB,NL 
LNKFLO(LrMON)=FLOW(L)/CONFLO 
IF(LNODE(Lt1),EllrAIPO=IPOWLOW(L) 
IF(LNO0E(Lr2),EO.J)IPI=IPPYFLOW(L) 

18 CONTINUE 
67 CONTINUE 

ICAP(JrMONr9)=IPI 
ICAR(JIMONr10)=IPO 

/n CONTINUE 
250 CONTINUE 

DO 70 L =IrNL 
LNKAFL(UMON)=LNKAFL(UMON)+LNKFLO(UMON)/NYEAR 
IF(LNKFLO(LrMON)rGT.LNKMX(L,KON)) LNKMX(LrMON)=LNKFLO(LIKON) 

70 CONTINUE 
00 71 I=1r2 

71 IAYEP(IrMON)=HCAP(IrMONr6)+IAVENI,MON))/NYEAR 
NDS=NJ-NRES 
IF(NDSIEO.0) GO TO 76 
DO 74 J = 1rNDS 
JN=J+NRES 
ICAPUN,MONr2)=URE6(JN) 
ICAP(JNOIONr4)=USE(JN) 
ICAP(ArMONr8)=ISHIM(JN,MON) 

74 CONTINUE 
76 CONTINUE 

DO 82 JN= 1rNJ 
TOTLEUNrIY,13)=TOTLEJNAY,13)+DEMONUNIMON) 
IF(MOCEOWTOTLEJMYr1)=START(JN) 
IF(M0N.E0,36)TOTLS(JNrIY112)=STEND(JN) 
DO 82 I =2,11 
TOTLS(JMYrI)=TOTLS(ArIY,I)+ICAP(AMON,I) 

82 CONTINUE 
200 CONTINUE 

KEY=1 
CALL OUT2(IY) 

300 CONTINUE 
RETURN 

450 WRITE(KOUT,452)1YrMONrarNF(L),NT(L),LO(L),HI(L),FLOMMICOST(L) 
lrL=IrNARC) 

452 FORMAT(//////20Xr'SOLUTION INFEASIBLE YEAR',I3,' MONTHIrI3// 
1' LINK FROM TO LO HI FLOW COST' // 
2(315,4110)) 
RETURN 
END 
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SUBROUTINE CARDS 
INTEGER RCAP,RMIN/FSTARTACTANDEM/DEMR, 
lOPRNSP/CMAXICMIN 
COMMON /CONTRUKIN/KOUT/KAPEI 
COMMON/PARM/NJ,NRES/NJUNC/NL/NCINYEARAD/NStIYEAR/IMP/TITLE(20), 
INR 
COMMON/RESU/RNAME(20/2)/RCAP(20)/RMIN(20)/FSTART(20),IVCAP(20) 
1/NPRES(20)/ACTAB(20/20/2)/OPRR(3/20/36)/OPRP(3/10),SP(20)/DEM 
2(20)/DEMR(20,3)/DEMD(20/36),BAP(20/36)1U(20,36)/DIMP(36)/IMPRT, 
3ARF(15/36),AREG(36)42VCAP(20,36)/MWP(20) 
COMMON/LINKANODE(200/2)/CMAX(200)/CMIN(200) 
COMMON/CONFAC/AVRGLOrAVEHIrCONFLO/CONDENCONINF, 
ICPCT/NSRS/LRULE/JESVOL(20) 
COMMON/POW/ NROW(5)/NCOL(5),F(5/25,25)/EATAB(5/18/2)/TWTAB(5118,2 
1P1TA14(5/18/2)1,  
1HNET(36/5),FDIS(36,5)/CELE(36,5)1CTWL(36/5)/ROW(5/25), 
ICOL(5,25),AREA(36,5)/HYDL(20) 
COMMON/RFAC/NODMP(15),NAMIN15,15/ 2EXOUT(15,36),FAC(15,36)1IAVEP 
1(15,37),NRF,EXINF(15,36)/ST(15/36) 
DATA TAPE/4HTAPE/ 
DO 4 J=1411 
PO4 K=1/3 
DEMR(J,K)=99 
OPRP(W)=99 

4 CONTINUE 
READ(KIN1111END=22)(TITLE(I)/I=1/20) 

11 FORMAT(2044) 
READ(KIN/12)NJARESINLORAYEARADASIITEAR, 
lIMPFNRF 

12 FORMAT(10X,10I5) 
IFROM=IFRM 
NC=NL-NR 
KCRD=0 
IF(TAPE1-TAPE)26/28126 

26 ERD=1 
28 CONTINUE 

00 105 I=1rNJ 
105 READ(KIN/13) J/(RNAME(J/K),K=1/2), 

/RCAP(AiRMIN(J),FSTART(J),IVCAP(J)/NPRES(J)/MNP(J) 
13 FORMAT(TII/I5/11/2A401613I1012I2d5) 

READ(KIN,18) (SP(DrI=1,NS) 
DO 100 J=1/NRES 
IF(IVCAP(J)1LT11) GO TO 100 
READ(KIN/123) (RVCAP(J/K),K=1136) 

100 CONTINUE 
18 FORMAT(103/12I5) 

IF(NRES/E0/0) GO TO 2 
00 107 I=1/NRES 

107 READ(KIN/15) JMACTAB(J/K,L),L=1/2),K=1/18) 
2 CONTINUE 
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15 FORMAT(10X1I5:6110/(153,6110)) 
DO 108 I=1:ND 

108 READ(KIN:16) JOEM(J),(DEMR(J,K):K=1,3/1(1IEMD(JMIK=1,36) 
16 FORNAT(103:131I8r3I3:12F4:0/130X:12F4,0), 

READMIN:171 IMP:IMPRTI(DINP(MI=1,36) 
17 FORMAT(10b151110:53:12F410/(303112F4.0// 

REANKIN:14) NSRSI(JESVOL(I):1=1:ERS) 
14 FORMAT(10b1415) 

READ(KIN:23) AVRGLOAVRGNI 
23 FORMAT(10b2F1011) 

READ(KIN:24) CONFLO:CONINFICONDEM 
24 FORNAT(103:3F10,3/ 

IF(CONINF:LE:0:0) CONINF=1:0 
IF(CONDEN:LE:0:0) CONDEN=140 
INC0NFLO:LE:0:0) CONFLO=1:0 
DO 19 K=1:NRES 
00 19 L=1:3 

i9 READ(KIN:109/Jr0PRP(LOY(OPRRCUJIMI=1,36) 
109 FORNAT(13,212,12F5:2/(53:12F5:2)) 

READMIN120)(b(LNODE(LII),I=1:2):CMAX(DICMINCL),K=1,NL) 
20 FORNAT(103:3I5r2I10) 

POWER DATA 
DO 114 N=1:NRES 
IF(NPRES(N),LTA) GO TO 114 

50 READ(KIN:150) J:((EATABCJArL):L=1:2):K=1:18) 
55 REANNIN:150) J,(fTWTAD(JA:L),L=1:2):K=1:18) 

READCKIN:1601 NYDL(N) 
160 FORMAT(1343:0) 
150 FORMAT(1X:12,6F8:1/(3b6F8,1)) 

IF(NPRES(N):EO:N) GO 10 114 
READMIN:200) NROW(10,NCOL(N) 

200 FORMAT(13:4I2) 
READ(KIN:112) (ROW(N:L):L=1:NROW(N)/ 
DO 116 J=1:NCOL(N) 
READ(KIN:115) COLOW),(F(N:I:J):I=1,NROW(N)/ 

112 FORKAT(10b8F10:3) 
115 FORMAT(9F10,3) 
116 CONTINUE 
114 CONTINUE 

READ RESERVOIR FACTOR DATA 
DO 121 I=1:NRF 

121 READ(KIN:122) NOOMP(I),(NADMPSIO,J=1:NODMP(D) 
122 FORMAT(2b512) 

READ(KIN:123) C(EXINNIO:J=1:36/:(EXOUT(10:J=1:36):I=1:NRF) 
123 FORNAT(13:12F9:0) 

READ(KIN024) ((ARNI,J):J=1:36):I=1,NRES1 
124 FORNAT(13142F8:0) 

READMIN:123) ((SI(I:NON):MON=1:36):I=1,NRF1 
DO 125 MARE 
00 125 J=1:36 
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125 PRINT 126,JYARRIO,EXINF(I0),EXOUT(I,J1,5T(Irj) 
126 FORNATC5X,I2e4F12.0 

RETURN 
22 CALL EXIT 

RETURN 
END 
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700 DO 2 L=1/NC0L(N) 
IF(FDIS(MON/N).GT.COL(N/L)) GO TO 2 
NjC=L 
GO TO 3 

2 CONTINUE 
DO 4 K=1/NROW(N) 
IFCHNET(MONIN).GT.ROW(M)) GO TO 4 
NK=K 
GO TO 5 

4 CONTINUE 
5 NJ1=NJC-1 

NK1=NK-1 
DLX(MON,N)=FDIS(MON/N)—COL(N/NJ1) 
DDLX(MONtN)=COL(MJC)—COL(NrNJ1) 
AP(MON/N)=DLX(MON/N)/DDLX(MON,N) 
DLY(MON/N)=HNET(MONIN)—ROW(N/NK1) 
DDLY(MON/N)=ROV(N/NK)—ROV(NINK1) 
A0(MON/N)=DLY(MONtN)/DDLY(MON/N) 
POWR(MON/N)=((1.0—AP(MON/N))*(1.0—A0(MON/N))*NNINK1AJ1))+( 
1AP(MONeN)*(1.0- 
1AO( ION,N)) 
1tFINAK1/NJC))44A0(MON/N)t(1.0—ANMON/N))*F(N/NKINJ1))3 
ICAP(MON/N)*A0(MON,N)* 
IF(N/NKOJC)) 

800 CONTINUE 
750 CONTINUE 

WRITE(3060) 
760 FORMAT(12WPOWER GENERATION IN THE SYSTEM1//12X/1****0 

1***1414#0111141014#*******Wr//) 
DO 200 J=1/36 

200 AFM(J)=0.0 
P0300 N=1/NRES 
IFINPRES(N),LT.0) GO TO 300 
WRITE(3/310) N 

310 FORMATMOWRESERVOIR NO = ',I2/) 
WRITE(3320) 

320 FORMAT15WPERIOD R.LEVEL TW.LEVEL DISCHARGE NET HEAD POWER 
2 IN M.W'//) 
DO 500 J=1/36 
AFM(J)=AFM(J)+POWEJA) 
WRITE(3/400) J/CELE(J/N),CTWL(J/N)/FDIS(J/N)/HNETSJIN)/POWR(JIN) 

400 FORMAT(5X/I4r5111.2) 
500 CONTINUE 
300 CONTINUE 

WRITE(3250) 
250 FORMATC/5WSYSTEM TOTAL POWER GENERATED IN M.W1/) 

WRITE(3/275) (AFM(J),J=1/36) 
275 FORMAT(5WF9.2) 

DO 280 MON.1/36 
280 WMON)=AFOMON)fp(MON) 
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PRINT 2811 (AF(NON)rMON:1r36) 
281 FORNAT(1X,18F7.0) 

RETURN 
END 
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SUBROUTINE INPOUSX,SY,Z) 
DIMENSION SX(36,5)!SY(366)r2(5,18r2) 
DO 11 K=1,36 
DO 10 J=1,2 
DO 51:1,18 
IF(SX(W)-2(.1,1,2)) 2,3,5 
CONTINUE 
SY(K,J)=Z(J,I,1) 
SO TO 10 

3 SY(KIJ)=2(.1,I,1) 
00 TO 10 

2 X14(..14,2)-Z(J,I-1,2) 
YI=Z(Jr1r1)-Z(JrI-1,1) 
X2=SX(Krh-Z(J,I-1,2) 
X3=IX2/X13Y1 
SYCK,J)=Z(J,1-1,1)03 

10 CONTINUE 
11 CONTINUE 

RETURN 
END 
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Description 

Logical unit for input file 

Logical unit for output file 

Logical unit for input tape 

2.5.2 Input specification 

The input specification of the model on 

basis is as given below: 

1 Fortran logical unit card 

Variable Format 

1.1 KIN I 5 

1.2 KOUT I 5 

1.3 KAPE 1 I 5 

sequential 

2 

3 

Title card 

TITLE (I)20A4 

System detail card 

3.1 NJ I 5 

3.2 NRES I 5 

3.3 NL I 5 

3.4 NR I 5 

3.5 NYEAR I 5 

3.6 ND I 5 

3.7 NS I 5 

3.8 IYEAR I 5 

3.9 IMP I 5 

3.10 NRF I 5 

4 Node card 

4.1 I 5 

4.2 RNAME 2A 4 

4.3 RCAP I 10 

Title of the Problem 

No. of Junctions in the system 

No. of reservoirs 

No. of links 

No. of river reaches 

No. of years to simulate 

No. of nodes in the system 

No. of spill reservoirs 

Starting year of simulation 

Node where import Occurs 

No. of reservoirs where R.F. 

used 

Node No. 

Node name array 

Maximum capacity in volume 
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4.4 

4.5 

Variable 

RMIN 

FSTART 

Format 

I 10 

I 10 

Description 

Minimum capacity to be 
maintained (dead storage) 

Starting storage 

4.6 IVCAR 12 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 MW? I 5 Turbine capacity 

Spill reservoir card 

5.1 SP 2 I 2 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 I 5 Reservoir No. 

7.2 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 I 3 Demand node No. 

8.2 DEM I 8 Annual demand at node 

8.3 DEMR 31 3 Ranking of Nodes demands 
for system state 
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9 

Variable Format Description 

8.4 DEMD 36 F4.0 Tendaily distribution of 
demand for periods 

Import Card 

9.1 IMP I 5 Node No. where import occurs 

9.2 IMPRT I 10 Annual import amount 

9.3 DIM? 36 F4.0 Tendaily import distri-
bution for 

10 Subsystem of reservoirs card 

10.1 NSRS I 5 No. of reservoirs in sub- 
system 

10.2 JESVOL 14 I 5 List of reservoirs in sub- 
system 

11 Status card 

11.1 AVRGLO F 10.1 Lower bound for system 
average storage 

11.2 AVRGHI F 10.1 Upper bound for Average 
storage 

12 Multiplication factor card 

12.1 CONFLO F 

12.2 CONINF F 

12.3 CONDEM F 

10.3 Conversion factor to 
convert flow into 10 daily 
volume unit 

10.3 Conversion factor to convert 
read in flows to system unit 

10.3 Conversion factor to convert 
read in demands in system 
units 

13 Operation rule card ( to be repeated for NRS reservoirs) 

5 Reservoir No. 

5 Ranking of reservoir storage 
for system states 

4.3 Tendaily operation rule for 
system states 
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13.1 J I 

13.2 OPRP I 

13.3 OPRR 36 F 



Variable Format Description 

14 Link capacity card ( to be repeated for NL links) 

14.1 L I 5 Link No. 

14.2 LNODE 21 5 Nodes at end of link 

14.3 CMAX I 10 Maximum capacity of link 

14.4 CMIN I 10 Minimum capacity of link 

POWER CARDS ( to be furnished for Reservoirs if NPRES equals 

to one or more 

15 Elevation area,Table card 

15.1 J I 2 Reservoir No. 

15.2 EATAN F 8.1 Elevation area table 

16 Tail water elevation-discharge table (only if NPRES 

equals to one or more) 

16.1 J I 2 Node No. 

16.2 TWTAB 18 F 8 Elevation-discharge-table 

17 Hydraulic loss card (only if NPRES equals to one or 

more) 

17.1 HYDL F 3.0 Hydraulic Loss in turbine 
head unit for J node 

18 Power table card 

18.1 NROW I 2 No. of rows in Power 
table for J node 

18.2 NCOL I 2 No. of columns in power 
table 

19 Power table card 

19.1 ROW 8 F10.3 Heads 

20 Power table card 

20.1 COL F 10.3 Discharge 

20.2 F 8 • F 10.3 Power Produced 
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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 I 2 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 

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

23 Average flow card - to be repeated NRES times 

23.1 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. 

25 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) 

26.1 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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2.5.2 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 volume 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 period 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.1 can serve the irrigation re- 

quirement 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 : 

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 fox 

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 
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INPUT 

1 

7 

3 20 

3 7 
SYSTEM OPERATION STUDY BY N . I • H 
6 2 7 1 1964 2 

RESV.1 1 7424550 1619560 4100000 0 0 1035 
RES0,2 2 6955000 1044000 5350000 0 0 360 

RESV.3 3 -1 
NODE.4 4 0 -1 
NODE.5 5 0 -1 

NODE.6 6 0 -1 

NODE.7 7 0 -1 
3 
I 9550 990300 9830 1178950 11750 1489720 

14890 1851110 15970 2131130 18820 2456400 

20870 2830450 22000 3042030 24250 3480030 
26710 3985600 29440 4552080 30830 4839600 

32415 5157120 34000 5475420 35525 5839700 

37050 6204570 40150 6999550 43400 7824550 

2 93 486 444 4864 3312 64045 

5363 132955 7795 242400 10024 387515 
12740 573976 15845 807458 19965 1101743 

24914 1469801 30973 1927847 36466 2480745 

41800 3122821 47654 3856505 53326 4685042 

58016 5598702 62910 6590190 67244 7657884 

3 

1 0 35 35 35 

2 0 20 20 20 

3 0 25 25 25 

4 0 20 20 20 

5 0 10 10 10 

6 0 13 13 13 

7 0 30 30 30 
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2 1 
0,7 

1.9835 

2 
1.00 

1,9835 1.9835 
130 1,11 1.14 1.18 0.99 1.06 1,12 0.91 1,00 1.10 1.09 1.11 1.11 

0.92 1.02 1,13 4.32 4,42 3.57 3,87 2.58 1.81 2.11 1.63 1,31 
1,24 1,17 1,14 1.06 1.10 1,16 1.09 1,16 1.25 1,20 1.25 1.31 

130 0,99 1.02 1,05 0,90 0,96 1.02 0.870,95 1.05 1.00 1.03 1,03 
0.95 1.04 1,16 4,32 4.42 3,57 3.13 2,09 1.46 1,55 1.20 0.96 
0,90 0.86 0.83 0.82 0.84 0,89 0,90 0,96 1.03 1.01 1.05 1,10 

130 1,17 1.20 1,24 1,06 1.13 1,20 1,02 1,11 1,22 1.24 1.27 1,27 
1.06 1.17 1,30 4.32 4,42 3.57 4.11 2.74 1.92 2.27 1.76 1,42 
1,26 1.20 1.16 1.08 1.11 1.17 1,10 1.17 1.26 1.23 1.29 1.35 

250 1.25 1.32 1.39 1.29 1.35 1.43 1.04 1,16 1.32 1.24 1,27 1.31 
1,30 1,36 1.42 3.58 6,8418.9916,96 4.93 2.28 2.76 1,81 1.40 
1.35 1.28 1.24 1.05 1.11 1,19 1.06 1,13 1.20 1.08 1.13 1.19 

250 0.40 0,42 0.44 0,460,48 0,51 0.50 0,56 0.63 0.74 0.76 0.78 
0,82 046 0.89 3.58 6.8418.9911,32 3.29 1.52 1.04 0.68 0.53 
0,38 0,35 0.34 0.35 0.37 0.40 031 0,33 0,35 0.36 0,38 0,40 

250 1.30 1,37 1,45 1.39 1446 1.55 1,19 1,33 1,51 1.51 1,55 1.59 
1,62 1.69 1.77 3,58 6.8418,9918,27 5,31 2,46 2,80 1,84 1.42 
1.35 1.28 1,24 1.06 1.12 1.20 1.09 1.16 1,23 1,13 1.18 1,24 

360 

360 

360 

1 4 1 75000 
2 1 5 1000000 000000 
3 5 6 1000000 000000 
4 6 3 1000000 
5 2 7 1000000 
6 7 3 1000000 
7 4 2 1000000 

1 1400,0 9550.0 1420,0 9830.0 1450.0 11750,0 
1480,0 14890,0 1500.0 15970,0 1540.0 20870,0 
1550.0 22000.0 1560.0 23130.0 1570.0 24250,0 
1590,0 26710.0. 1610.0 29440,0 1620.0 30830,0 
1630.0 32415,0 1640.0 34000.0 1650,0 35525.0 
1660,0 37050.0 1680.0 40150,0 1700,0 43400,0 

1 1167,0 5000.0 1167,5 11650.0 1168.0 13150,0 
1168,5 14500,0 1169,0 16100.0 1169,5 17550,0 
1170.0 19000,0 1170.5 20500,0 1171,0 22000,0 
1171,5 23500.0 1172,0 24600.0 1172.0 50000,0 
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1172,0125000,0 

4.0 
822 

268.000 320.000 360.000 400.000 440.000 480.000 500.000 520,000 
5000,000 200.000 200.000 200.000 200.000 200.000 200,000 200,000 200,000 
7500,000 200,000 200,000 206.300 226.800 244.000 250.000 265.400 265.4 
9025.000 200.000 2/9.700 241.400 274.600 300.000 310.000 326.100 326,1 
9750.000 200,000 240.400 266,600 300.000 311.200 336,600 317,800 347,800 
10450.000 209.300 258,000 300.000 319.600 344.300 359,600 376,600 376,600 
12351.000 296,700 300,000 336.550 375,600 406.500 429.900 445.000 445.000 
14450,000 300.000 349.700 400.000 442.400 469,500 500.900 525.800 525.800 
16860,000 350.000 415,500 464,620 515.170 558.400 590.600 609.300 609,300 
18294,000 376,600 450.000 515,000 556,900 607.000 640,600 654.800 654.800 
19740.000 422.400 488.400 550,000 606.200 648.400 694,000 718,700 718.700 
21440,000 456.200 523.200 593,900 650,000 655,400 749.200 781,600 781,600 
22600,000 473,000 544,500 626,000 692.000 750.000 797.000 822,400 822,400 
24012.000 493,400 581.600 669.300 731.100 742.800 850.000 869,400 869,400 
25075,000 511.300 610,500 704,000 761,200 829.200 878.900 900.000 900.000 
26973,000 596.700 656.600 797,400 824,300 883.600 950.000 979,600 979,600 
28925.000 599,000 699.800 799,750 891.900 950,000 1024.400 1035.000 1035.000 
30580.000 600.000 735.400 850,000 930.400 1010.200 1035.000 1035.000 1035.000 
32823.000 600.000 800,000 911,900 999,200 .1035.000 1035.000 1035.000 1035,000 
34187.000 600,000 829.600 964.900 1035.000 1035.000 1035.000 1035.000 1035.000 
35062.000 600,000 830,000 950.000 1035.000 1035.000 1035,000 1035.000 1035,000 
36150.000 600.000 830.000 1000,000 1035.000 1035.000 1035.000 1035.000 1035,000 

236150,000 600,000 830,000 1000.000 1035.000 1035.000 1035.000 1035,000 1035.000 
2 1115.5 93.4 1148.3 444.7 1164.7 3311.1 

1181,0 5362,7 1197.5 7793.4 1213,9 10023,7 
1230,3 12740.0 1246,7 15845.3 1263,1 19965,4 
1279,5 24914.5 1295,9 30975,5 1312,3 36468.0 
1328,7 41800.1 1345,1 47654.0 1361.5 47654.0 
1377,9 58015.8 1394.3 62910.8 1410,7 67246,6 

2 1085.0 100.0 1085.5 4000,0 1086.0 5200.0 
1086.5 6500,0 1087,0 7700,0 1087.5 8900.0 
1088.0 10200.0 1088.5 11400.0 1089.0 12600,0 
1089,5 13900.0 1090,0 15100.0 1090,5 16300.0 
1091.0 17600.0 1091.5 18800.0 1092.0 20000.0 
1092,5 21300,0 1093,0 22500,0 1093.0122500.0 

4.0 
824 

156,000 164.000 196,850 215.000 225.000 262.500 290.000 312,000 
100,000 1.000 1.000 1,000 1.000 1.000 1.000 45.000 46.500 

1766.000 1.000 1,000 MOO 1.000 1,000 44.300 47.500 51.500 
1989.000 1.000 1.000 1.000 43.000 45,000 52.500 56,280 60.000 
2119,000 1.000 1.000 43.750 46,250 47,500 56.250 60,000 63.850 
2566,000 1.000 43,750 53.600 57.000 60.000 70.000 75.000 78,750 
2707,000 43,250 46,500 56.500 61,000 64.000 74,600 80.000 83,700 
2790.000 44.300 48.000 59.000 63.000 66.500 76.250 82.500 86,200 
2899.000 46.000 50.500 62.000 66,500 72.400 80.040 86,200 86,200 
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3119.000 49.000 54.000 66.000 72.500 75.000 86.200 86,200 86.200 
3496.000 55.000 61.500 74,400 81,500 85.000 86,200 86.200 86,200 
3534.000 55.000 61.500 75.800 82.000 86.200 86,200 86.200 86.200 
3649.000 55.000 62.500 77.500 84.000 86.200 86,200 86.200 86,200 
3767.000 55,000 62.500 79.200 86.200 86.200 86.200 86.200 86,200 
3920,000 55.000 62.500 82.500 86.200 86.200 86.200 86.200 86,200 
16242.000 259.500 279.000 339,000 360,000 360.000 360.000 360.000 360.000 
16740,000 265.800 288.000 354.000 360,000 366.000 360.000 360,000 360.000 
17394.000 276.000 303,000 360,000 360,000 360,000 360,000 360.000 360,000 
18714.000 294.000 324,000 360.000 360.000 360,000 360,000 360.000 360.000 
20976,000 330.000 360,000 360,000 360.000 360,000 360.000 360.000 360,000 
21204,000 330,000 360.000 360,000 360.000 360.000 360.000 360.000 360.000 
21894.000 330.000 360.000 360.000 360.000 360,000 360.000 360,000 360.000 
22602,000 330.000 360,000 360.000 360.000 360.000 360,000 360.000 360.000 
23520.000 330,000 360,000 360,000 360.000 360.000 360,000 360.000 360,000 
223520.000 330.000 360.000 360.000 360,000 360.000 360.000 360.000 360.000 
16 
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4608500, 4386152, 4183347. 3943008, 3732517, 3494322, 3296942, 3060453, 2815035. 2512561. 2231890, 1897028, 
/486491. 1032067, 569554.20317980.19665250,18861822,17824892.16695881,15406850, 13904061,12386102./0807980, 
9418046. 8435507. 75712251 7013421, 6585642. 6268161, 5975418, 5730902* 5506344, 5293395. 5080702, 4861099. 
6715728. 63955321 6075336* 5723120, 5298413, 4873706. 4533940, 4053616, 3573292, 3044935, 2710081, 2375227, 
2040373. 1382188. 724003.19288390,18621656,17954922,1.7288188,16696609,16105030, 15454293,14862714,14271135. 
13620398,12949301.12278204,11607107.10981293.10355479, 9667083. 9092463, 8517843. 
1351316. 1300334, 1249281. 1147992. 1057039, 985685. 915279, 812216. 725595. 
345663, 241440, 130794. 9722032, 9526717, 9293713, 8878931, 8260505, 7421324, 
3184788. 2621476. 2205675. 1980177, 1845987, 1764535. 1686562, 1628799. 1577212, 
2867281, 2690154. 2513027, 23181881 2124479, 1930770. 1775803. 1479369, 1182935, 
493876, 334561, 175246* 8942402, 8620956, 8299510. 7978064, 7709101. 7440138. 

6310494. 6005154, 56998141 5394474, 5016379, 4638284, 4222380. 3959368. 36963561 
64844. 64097. 72109, 65318. 67423. 65924. 79862, 90692. 110036. 107521. 
198405, 207312, 257058. 304797, 373721. 475841, 492285, 543811, 607795, 588098, 
366717. 294212. 216707. 171411. 130814. 118519, 99195. 88604. 83240. 76103. 
17558. 17716, 28137, 26920, 29811. 24049. 32385, 31575. 38992. 27274, 
31227, 37314. 41927, 82844, 99473. 160814, 260378, 344634. 420096, 521857. 
237065, 169248. 90163, 53171, 34034, 30740, 22739, 19174, 20048. 20483,  

7943223, 7547257. 7151291. 
610782, 519638. 437047. 

6349099, 5120055, 4029771, 
1524875, 1467482. 1418273, 
856858, 735864, 614870, 
7144279. 6875316. 6606353. 
3433344. 3250743, 3068142, 

129764, 166537. 
544122, 493060. 
70934, 73730, 
27423, 24917, 
465210. 340026, 
18127, 22900, 

3726788, 3628940. 3511549, 3399672, 3185456. 2998944. 2856558. 2612723, 2377817, 2151934. 2097751, 2097759, 
2173442, 1969681, 1774009, 589970, 575966, 712660. 1082856. 1620289. 2317740, 3169793. 4096172, 5082715. 
5821912. 6133354, 6326539, 6213246. 6015211, 5706878, 5311225. 49811216 4631059, 4269388. 4086115. 3909752. 
25599651 2433820, 2307746, 2214196, 2111440, 1989085. 1904524, 1711/53. 1501340. 1290076, 1260226, 1221823, 
1192213. 1137121, 1088452, 264370. 138239. 49797. 143133, 492596, 1062814. 1839190, 2799261. 3620582, 
4169706, 4427678. 4538139, 4458297, 4214392, 3917749, 3579818. 3374569. 3163144. 2952469, 2827261, 2693869, 
38640, 34260. 35684. 35160. 33180, 30105. 32090, 26110. 42218. 42790, 55780. 77430. 
1198804 132450, 167673, 251430. 308470, 404430. 405810, 546090. 484935. 498820, 290540, 273207. 
189450, 141460. 105610. 93130. 66890. 61842, 57730, 57680. 56120. 52100, 43750, 57904, 
40900, 35480. 52877. 43970, 36090, 3546k, 41090, 38250. 67067, 52360. 74530, 87350, 

157460* 159420.-229196. 157640, 145260. 325660* 326780, 447840. 619586, 547760, 460900. 329274. 
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125000, 125000, 125000, 125000, 125000, 137500, 125000, 125000, 125000. 125000, 125000, 137500, 
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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. 
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