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PREFACE 

The AL-IV Model described in this document is a computer program that 
simulates and optimizes the operation of an interconnected system of reservoirs, 
pump canals, pipelines, and river reaches. 

AL-IV is an improved version of the previously developed Allocation 
Model (TWDB, 1972). The major improvement to the previous model (AL-III)
consisted of incorporating reservoir evaporation, channel seepage, and 
consumptive use directly into the Allocation Model as system variables. 
In past versions of the model, it was required that the water losses from 
these processes be specified in advance since the solution procedure for the 
network model did not allow water losses which were flow dependent. The 
current version of the Allocation Program represents the physical system in 
a more realistic manner by allowing water losses in impoundments and channels 
to vary with storage and discharge levels. 

The improved representation of the physical system was made possible by
adapting the Allocation Program to utilize a recently developed network 
optimization algorithm written by Dr. Paul Jensen and Dr. Gora Bhaumik. Their 
Network With Gains Algorithm replaced the Out-Of-Kilter Algorithm used in 
AL-III. 

The Allocation Model was originally developed by Water Resources Engineers,
Inc. under contract to the Texas Water Development Board, with subsequent
improvements and modifications made by the staff of the Texas Water Development
Board. The current version of the program was adapted from AL-III by
Dr. Quentin W. Martin of the Systems Engineering Division of the Texas Water 
Development Board. 

The model was developed on the UNIVAC 1108/1106 computer systems but is 
designed to be essentially machine independent. Core requirements are 
approximately 41,000 decimal words. Computation time is a function of the size 
of the problem being analyzed; however, for a two-year network such as the 
example problem discussed herein, approximately 25 seconds of UNIVAC 1106 execution 
time is required to obtain a solution. Any inquires concerning the use of 
this program should be directed to Dr. Quentin W. Martin. 





ALLOCATION MODEL 

PURPOSE 

The water resources allocation program, AL-IV, is a general hydrologic
optimization model of surface water resources systems. It is designed to 
analyze the simulated multi-period operation of any interconnected configuration
of reservoirs, pump canals, and pipelines on a steady state monthly or 
seasonal basis. The program may be utilized by itself to find: 

1) the minimum cost operating plan for a system of reservoirs, 
river junctions, canals, and river reaches, 

2) the minimum cost sizing of individual reservoirs, canals, or 
closed conduits, 

3) the reservoir operating rule coefficients for use in the SIM-IV 
and SIMYLD-II Models ( 4 ) ; 

or jointly with the DP,SIM program ( 5 ) to determine 

4) the minimal cost construction sizing and sequencing of a number 
of water storage and conveyance projects in a multiple purpose river 
basin system. 

CONCEPTS 

The general concept behind this program is to describe the structure 
of a surface water resources system in terms of a network flow model. The 
minimum cost operation of the prototype system is thus established by solviDg
the associated network representation for the least cost set of flows through
the network. The structure of this network model is described in the following
paragraphs. 

First, the physical system is represented in space by a node-link 
configuration. For the physical system, nodes represent either storage
reservoirs or non-storage link junctions, and links portray either river 
reaches or canals. An example of such a spatial representation is shown in 
Figure I. This example system consists of six nodes (four reservoirs and two 
link junctions) and eight links (seven canals and one river reach). All 
reservoirs that do not have a river reach leaving them must have an outlet 
for spilling any excess water that enters them. These spills leave the 
network and are no longer available for use. The spill outlets are also 
illustrated in Figure I. 

Next, this spatial representation is expanded to include time. For each 
time period in the problem, there is a corresponding node-link representation.
The representations are connected by the rates at which reservoir storage 
contents are carried forward in time. These connections are referred to as 
"storage arcs 11 (arcs refer to all node connections in the problem, including
canal and river links). Thus, the time-space representation of the problem can 



be envisioned as a layered network, each layer representing a time period with 
storage arcs connecting the layers. The example system illustrated in Figure I, 
expanded to include four time periods, is shown in Figure II. 

Spill 
Legend:
<J- storage junctions

(reservoirs) 

Q- non-storage junction~ 

pump canals 

--- - river reaches
Spill Spill Spill 

Figure 

Spatial Representation of the System Configuration 

This expanded network still does not completely represent the problem. The 
system must have initial reservoir storage contents; inputs to and demands 
from the system must be made; imports must be allowed to enter and spills
permitted to leave the system; and following the last time period, specificationi 
must be made for the final reservoir storage contents. However, all of these 
considerations are accomodated by adding additional arcs and nodes. The 
complete network, including these arcs and nodes, is as shown schematically in 
Figure I II. 
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Spatial Representation of the System Configuration 

Expanded to Include Four Time Periods 
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FIGURE III 

THE NETWORK FOR THE ALLOCATION PROBLEM 
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Initial storage contents enter the system through a set of arcs that are 
.connected to all reservoirs in the first time period. Since the initial 
storage contents are input data, the 11 initial storage arc" flows are fixed and 
are not system variables. Inputs to the system, which are unregulated inflows 
to every reservoir in all time periods, enter the system through a set of 
11 input arcs. 11 Input data fixes the fl ow in these arcs. Thus, both the input
and initial storage arcs are "fixed flow arcs. 11 

Contrary to the fixed flow arcs are the demand, import, spill, and final 
storage arcs. Flow in these arcs is variable. Demands (water intake requirements) 
are extracted from the system through a set of demand arcs. If required,
import water can enter the system through a set of arcs, one for each time 
period, that are connected to the same node in all time periods. Also, all 
junctions from which spills occur must have an arc leaving them for each time 
period. And finally, the storage contents at the end of the last time period
leave the system through a set of arcs, two for each reservoir. 

These arcs, both fixed flow and variable flow, are connected through seven 
nodes and five additional arcs. Six of these seven nodes represent the nodes 
from which the initial storage arcs, input arcs, and import arcs originate,
and to which the demand arcs, spill arcs, and final storage arcs tenninate. The 
five arcs either leave or enter these nodes and represent the total flow going
into or leaving the nodes, respectively. These five arcs are connected to the 
sixth and seventh nodes, the source and sink, respectively.) 

There are altogether nine different types of nodes within the network. 
These are: 

1. source node, 
2. an input node, 
3. a demand node, 
4. an import node, 
5. a spill node, 
6. a final storage node, 
7. a sink node, 
8. reservoir nodes, and 
9. non-storage nodes. 

The total number of nodes in a network is 

N = Ln + 7 n 

where Lis the number of time periods in the problem, nn is the number of nodes 
in the spatial representation of the problem (reservoirs plus non-storage nodes),
and 7 is the number of special nodes in the problem (items 1 through 7 above). 

Connecting these nine nodes are ten different types of arcs; they are 
listed in Table I. Flow in these arcs is constrained to be within lower and 
upper limits. These limits are also summarized in Table I. 
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Tab le I 

Arc Types and Definitions of Their 

Upper and Lower Bounds 

ARC TYPE LOWER BOUND UPPER BOUND 

l. River 
2. Canal/Pipeline 
3. Storage 

4. Target Storage 

5. Initial Storage 
6. Input 
7. Demand 

8. Import 
9. Spill 

l O. Net Balance 
a. Total Inputs 
b. Total Imports 
c. Total Demands 
d. Total Spi 11 s 
e. Total Final 

Storage
f. Flow By-Pass 

Minimum Required Flow 
Minimum Required Flow 
Zero 

Minimum Storage 

Initial Storage 
Unregulated Inflow 
Required Portion of 
Demand to be Met 
Zero 
Zero 

r Inputs 
Zero 
Zero 
Zero 
Zero 

Zero 

River Capacity 
Canal Capacity 
Reservoir Capaci·
Target Storage 
Target Reservoir 
Storage 
Initial Storage 
Unregulated Infl 
Water Demand 

Maximum Availabl 
Maximum Permissi 

E Inputs 
E Maximum Impor1 
E Demands 
E Maximum Spill~ 
E Reservoir 

Capacities
Large Positive 
Value 
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Flow in river arcs is permitted to be between zero and the maximum river 
capacity. If there are low flow requirements for water quality control or 
other purposes, the lower limit can be set to satisfy these needs. Canal 
flows and reservoir storage contents are both,constrained to be between zero 
and their design capacities. This upper limit can also be used to stage or 
time their addition to the system, which is accomplished by placing an upper
limit of zero on those elements not yet built and, in the year each is 
constructed, increasing the constraint to the design capacity of the element. 

Both the initial storage arcs and the input arcs have equal upper and lower 
bounds. This forces the initial storage contents and inputs of the system to 
be constants. The demands (water intake requirements) withdrawn from the 
system can range from a lower bound that permits a tolerable shortage to the 
maximum needed. The amount of shortage allowed can be different for every month 
and every node. The amount of water imported is allowed to be anywhere
between zero and the maximum quantity available. The latter depends on the 
season of the year. Flow in spill arcs is limited to between zero and an 
arbitrarily high value that will not be reached. 

An additional arc, called a flow by-pass link, is inserted into the 
network between the flow source and sink. The solution technique used to solve 
the allocation network model requires that a fixed flow level be supplied to 
the sink. The by-pass arc supplies, directly from the source node, whatever 
portion of the water requirement at the sink that is not furnished through the 
syste~ network. Since it is important to put as much beneficial flow as 
possible through the system network, a small unit cost ($.001) is placed on 
flow through the by-pass arc. Thus flow will go through the by-pass link only
after the net cost to put additional flow through the system network exceeds 
$.001 per unit of flow. 

The net balance arcs have constraints equal to the sum of the constraints 
on their components. For example, the bounds on the total input arc is 
equivalent to the sum of the bounds on the individual input arcs. 

The total number of arcs in the network to be solved by the AL-IV Model 
is expressed as 

Number of Arcs= [(nl + 2 nr + 2nn + ns + 1) x L] + 6 + nr 

where nl is the number of links (canals plus river reaches); nr is the 
number of reservoir nodes; nn is the number of storage and/non-storage junctions; 
ns is the number of nodes from which spills can occur; 1 represents the single
import arc in each time period; Lis the number of time periods in the problem;
and 6 represents the number of net balance arcs. 

If monthly time increments are used and the problem contains a large number 
of nodes and links, the computer storage requirements can become excessive. 
When this occurs, the Allocation Model can span only a few years at one time. 
In this case, the number of years spanned is the number of years in the network. 
For explanatory purposes, assume the total problem involves a ten-year period
and the maximum number of years the network can span is four. The first 
problem solved would involve only the first four years of the total ten-year
period, and produce a valid solution for the first year. The first year is 
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then deleted from the network and the fifth year added. A solution for the second 
year is obtained from this problem. This process is repeated until the 
network problem formed by the last four of the ten years has been solved. 

With this concept of structuring the problem in terms of a network, one 
can seek a solution that will minimize cost yet satisfy the inputs to and 
demands from the system. 

MODELING ASSUMPTIONS 

The abstraction of a prototype physical system into a mathematical re­
presentation usually requires numerous assumptions. These assumptions thus 
limit the generality of the resulting model and place restrictions on its 
valid use. The major assumptions of the network approach utilized by the 
Allocation program are described below . 

. Only surface waters are modeled. That is, no water quality parameters 
or conjunctive use of groundwater is included in the modeling
capability. 

Monthly time increments are the shortest time increments which may
be used to simulate the system; thus, operations of canals and 
reservoirs for routing flood waves is not considered. 

All demands for and inputs of water must be pre-specified except
for the case of import waters where the maximum available will be 
pre-specified. Thus, runoff, evaporation rates, and intake demands 
for water are forced upon the system, but import water is drawn upon
only when needed . 

. Import can occur at any one storage or non-storage junction in the 
system during any limited part of the year up to the maximum monthly
availability that was pre-specified. Import water has a constant 
unit cost . 

. A minimum cost objective function is used in conjunction with penalty 
cost functions. Thus, if these two parameters are properly used, 
a net benefits maximization criterion can be imposed. 

I 

Because an economic objective criterion is specified, a pre-specifiedI 
economic value for meeting demands versus the economic value of 
spilling water and the economic value of storing water is required.
Therefore, it is assumed that demands for water will be met only if 
the value for meeting demands is greater than the penalty for not 
meeting them. The value of having water in specific reservoirs on a 
seasonal basis can be specified. 

Unit penalty costs for incurred shortages can be varied by node by 
season whereas storage arc pricing preferences can be varied by

I reservoir by year.
I 
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Demands for water, reservoir inflow quantities, and evaporation rates 
are capable of being varied on a month-by-month basis to permit
accounting for a demand build-up, a runoff depletion, and stochastic 
variability in all of these quantities . 

. Canal costs must be divided into two components - that component which 
cannot be staged (e.g. ditch and right-of-way costs) and that 
component which can be staged (e.g. pump, motor, and housing costs) . 

. Both reservoirs and canals can be added to the network of active 
facilities at any given year in the simulation period . 

. Both minimum and maximum flow and storage capacities must be 
specified for canals and reservoirs, respectively . 

. The physical system is represented by a set of interconnected nodes 
and links. Links correspond to river reaches, pump-canals and pipe­
lines, while nodes represent reservoir and link junction points . 

. All demands for water and runoff quantities occur at nodes and 
reservoirs . 

. Canal evaporation losses are computed as a percentage of the flow 
along the canal . 

. Initial storage contents of all reservoirs are known . 

. Lower bound constraints can be set on demand arcs to reflect, at each 
node, how much of a pre-specified demand must be met regardless of 
the magnitude of shortages incurred. If the lower bounds are set too 
high, an infeasible solution may result . 

. Spills out of the system can be controlled to occur only at those 
reservoirs specified as spill nodes . 

. The resolution of modeling accuracy is currently set at 1000 acre­
feet as supplied via input data. 

. Only reservoir storage allocated for 11 conservation 11 purposes can be 
used for reregulation . 

. The unit cost of pumping is the product of a monthly power cost per
unit of flow per foot of lift and a constant lift. These parameters 
are under input control . 

. A pumping efficiency of .8 is assumed for all artifical conveyance 
links. 

9 



MATHEMATICAL DESCRIPTION 

The mathematic statement of the allocation problem may be expressed as 

minimize 
N 
t

i=l 
N
E

j=l qij 
c
ij 

[l] 

subject to 

material balance at all nodal points, 

N 
E 

i=l 
qij - q I ji = 0 , j=l, ... , N [2] 

material losses along links, 

q'ij - (1 - Yij) qij = 0, for all i and j, [3] 

and bounds on material conveyed along links, 

L.. < q . . < U. . , for a11 i and j, [4]
lJ - lJ - lJ 

where the terms are as defined in Table II. 

The mathematical structure is described by four sets of constraint 
equations and an objective function. One set of constraint equations 
requires that continuity be satisfied at all nodes in the network, except 
at the source and sink nodes. The second set of constraints indicates the 
amount of water lost by conveyance through each of the arcs. The remaining 
two sets of equations describe the upper and lower limits on flow in all arcs 
in the network. Thus, there is one equation for each node and three equations
for each a re. 

Using the terminology defined in Table II, continuity equations for the 
nodes listed on page 12, with the exception of the source and sink nodes, 
can be written as 

1. Input Node: 

L n 
E E = x. (Inflow from Source Node)ajk

k=l j=l 1 

2. Demand Node: 

L n 
E E Djk = Xd (Outflow to Sink Node)

k=l j=l 

10 



3. Import Node: 

L n 
E E 0. Ik = X (Inflow from Source Node)

k=l j=l J m 

4. Spill Node: 

L n 
E E e. pjk = XS (Outflow to Sink Node)

k=l j=l J 

5. Final Storage Node: · 

nr sj,L+l = 
E xf (Outflow to Sink Node)

j=l 6t 

6. Reservoir Nodes: 

N N 
E Q~ .k - E Q •. k - 0. PJ. k - Sj, k+ l + Sj k + 

i=l 1J i=l Jl J 6t 6t 

j = l ,2, ... ,nr k = 1,2, ... ,L 

7. Link Junction Nodes: 

N N 
E Q! • k - E Q•• k - 0. PJ. k + oJ. I k - DJ. k + aJ. k = 0

i=l lJ i=l Jl J 

j = nr + 1, nr + 2, ... ,n k = 1,2, ... ,L 

All of these equations can be reduced to the corrmon form 

N , N 
E q.. - E q .. = 0 j = l, ... ,n.

i=l lJ i=l Jl 

11 



Table II 

Definition of Terms in the AL-IV Program 

NETWORK FLOW PROBLEM UNITS* 

q
lJ
.. = flow entering arc from node i to node j 

q .. I 
= flow leaving arc from node i to node j

lJ 

L
lJ
.. = lower bound on flow from node i to node j 

u
lJ
.. = upper bound on flow from node i to node j l3/t 

C
lJ
.. = cost of moving one unit of flow from node i $/1 3/t 

to node j 

N = number of nodes in the network 

NODE BALANCE EQUATIONS 

Q~ .k = flow into reservoir or link junction i from
lJ reservoir or link junction j in time period k 

= flow out of reservoir or link junction i l3/tQ.lJ"k 
toward reservoir or link junction j in time 
period k 

= rate of spill from reservoir or link junction j l3/t
in time period k 

= storage contents of reservoir j at the 
beginning of time period k 

= rate of importation of water in time period k 

= rate of demand at node j in time period k l3/t 

12 



= rate of input to junction j (unregulated inflow) 

= rate of water loss due to evaporation from 
reservoir j in time period k 

e. = 1, if j is a spill node
,1 0, if j is not a spill node 

0. = 1, if j is an import node 
J 0, if j is not an import node 

= Fraction of flow lost along the arc from node i 
to node j 

SUBSCRIPTS AND SUBSCRIPT LIMITS 

i ,j = nodes 

= number of reservoirsnr 

n = number of reservoirs plus number of link 
junctions 

k = time period 

L = number of time periods 

* l is used to designate unit of length, and 
tis used to designate unit of time 
(e.g. 13/t designates volume per unit time) 

13 



In this basic equation q.. represents the flow leaving node i along 
an arc connecting it with nodJJj and, similarly, q!j represents the flow 
entering node j along an arc from any other node i~ Flows entering and 
leaving a node occur only through the arcs connected to it. Flow enterin~ 
these arcs is constrained to be within a range defined by the arc's lower 
and upper limits. These constraints can be expressed as 

q .. > L.. and q.. < u ... 
lJ - lJ lJ - lJ 

The constraints vary considerably depending upon what the arc flow 
represents. As described previously, there are ten arc types (see Table I)
each having different limits. 

The objective function that must be satisfied while solving these 
equations is the minimization of the cost of transferring water through the 
network. This is expressed as 

N N 
Minimize Z = r r C.. 

i=l j=l lJ 

In this network, the canal, demand, storage and spill arcs are the only types
of arcs which have cost assoicated with them. In the canal arc the unit cost 
represents the cost of power needed to pump one unit of flow while in the de­
mand arc there is a negative unit cost associated with each unit of deficit. 
Reservoir storage arcs take on user-designated costs according to the operating
rule option desired. Similarly, the unit spillage cost is specified by the 
user; however, to prevent reservoirs from spilling when they could be storing 
water, a minimum unit cost of $.001 per thousand acre-feet is assigned to 
water released from the system. 

SOLUTION METHODOLOGY 

The multi-period network flow optimization problem described above 
represents a more general problem formulation than was considered in previous
versions of the Allocation program. The prior Allocation models required
that flow be conserved throughout the network, hence the flow out of the 
source node was specified to equal the flow into the sink node. Under this 
assumption, the network flow problem specified in the previous section 
(without constraint [3]) was rapidly and efficiently solved using the 
"Out-of-Kilter" Algorithm (OKA) (2) to determine the minimum-cost operating
policy for the system. The imposition of this complete material continuity
assumption for the entire network, however, restrkted the ability of the 
previous Allocation programs to accurately account for water losses which are 
dependent upon the channel flow$. Such losses occur in actual water distribu­
tion systems through evaporation, channel seepage or consumptive use. These 
leakages were treated in the previous Allocation programs by estimating the 
losses and adjusting the input hydrology for the network accordingly. While 
this procedure is reasonably accurate for single-period (monthly) network models 
considerable error may occur when multiple period network problems are solved 
using the OKA. • 

14 



Recent advances in network flow theory by Jensen and Bhaumik ( 3 ) have 
extended the capabilities of network models to incorporate consideration of 
leakage mechanisms which are flow dependent. The primary theoretical 
advancement has been development of computationally efficient algorithms for 
finding the minimum -cost flow circulation in network models with gains. A 
network with gains is simply a standard (or pure) network with an additional 
descriptive parameter associated with each arc. This added parameter is 
termed the gain factor of the arc and has value equal to the ratio between 
the flow leaving and the flow entering the arc. A link having a gain of .9, 
for instance, will transmit 90% of its inflow, while losing the remaining 10% 
to leakage. 

The value assigned to an arc's gain factor will depend upon the phenomenon
causing the water loss. For water conveyance links, the complement of the 
gain should represent the net losses (evaporation plus ground water recharge) 
per unit of flow. For network arcs corresponding to consumer water demands, 
the value of the gain factor should be set to that of the user's S/W ratio. 
The treatment is somewhat more complicated for the losses due to reservoir 

· evaporation since evaporation is proportional to the water surface area and not 
directly proportional to storage volume. However, by approximating the 
c~pacity - area curve for each reservoir with two continuous piece-wise linear 
segments, evaporation losses can be expressed as proportional to reservoir 
storages. To illustrate, the capacity-acre curve for the Cuero I Reservoir in 
the Guadalupe River. Basin of Texas can be approximated by several connected 
line segments as shown in Figure IV. This approximating function, A(S), for the 
Cuero I capacity -area relationship is defined by 

, 0 < S < 130 

A(S} = 

c2 (S-130) + l30C1, 130 ~ S, 

where A (S) is the water surface area (1000 Acres), 

S is the reservoir storage volume (1000 Acre-Feet), 

= .0923, 

c2 = .0311. 

By separating the storage variable S into two components, one corresponding to 
the storage below 130;000 Acre-Feet (S10 and one to the storage above 130,000 
Acre-Feet (S2}, the evaporation lo$S . can .be reasonably approximated as a 
proportion of stor~ge. _The approximate }evaporation loss E (1000 Acre-Feet/Month}, 
as a f1.i'nction ·of reservoir storage, is given by 

E = e (Cl sl + c2 S2}' 

where e is the evaporation rate (feet/month). The percentage losses due to 
evapora~ion for each of the storage segments s1 and s2 are thus ec1 and ec2respectively. 

15 
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The network model in the AL-IV allocation program uses the above equation 
to account for the effect of evaporation of reservoir storage. • The two 
storage components S1 and S2 are represented in the network by two carry-over 
storage arcs (see Figure!!). The gain factors for these arcs are determined 
by subtracting each of the evaporation loss percentages (eC1 and eC2) from 
unity. These ~ains may vary by month according to the monthly evaporation 
rate e. A $1/(1000 Acre-Feet) benefit is assigned in the network for the 
lower range storages (S1), while no unit benefit (or cost) is assessed for 
volume retained in the upper storage range (S2). This helps insure that the 
arcs corresponding to the lower storage range are saturated before- flow is 
allowed through the links representing the upper storages. Under some 
circumstances, however, the algorithm may attempt to put water in the upper range
of storage before the lower segment of storage capacity is full. Remedies for 
this difficulty include setting the minimum storage in the impoundment equal 
to the storage level where the linear segments join, or specifying operating
rules designed to require the lower segment of storage to be full at certain 
periods of low total storage. These and other corrective procedures wtll be 
described in the section dealing with model limitations. 

The advantages gained by the enhanced modeling capabilities of the net­
work models with gains are somewhat offset by increased computational require­
ments. Reported analysis indicated that the GAIN program developed by Jensen 
and Bhaumik ( 3) required, when solving large pure network problems, approxi­
mately double the execution time of the fastest currently available OKA-type
network algorithms. 

INPUT REQUIREMENTS 

The following physical, economic, and water usage data elements are 
required for input into the Allocation program. 

System Structure Data 

The network's dimensions. 
A list of each link entering each node. 
A list of the nodes at the end of each 
link (link direction implied). 

Junction (node) Data 

(1) A literal name for each junction. 
(2) The maximum storage capacity at each junction. 
(3) The minimum storage allowed at each junction. 
(4) The storage versus area relationship for each junction.
(5) The return flow S/W ratio (effluent to influent ratio) and 

number of the node where the return flow will be discharged.
(6) The simulation year each reservoir is built. 
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Canal (Link) Data 

A literal name for each canal. 
The maximum flow capacity for each canal. 
The minimum flow allowed for each canal. 
The unit cost of pumping in each canal. 
The total dynamic pumping head of each canal. 
The simulation year each canal is built. 
Average annual percentage conveyance loss along each 
canal. 

Cost Data 

(1 ) Interest rates and repayment periods.
(2) Capital and operating cost for each reservoir. 
(3) Capital and operating cost for each canal. 
(4) The unit cost of deficit at each demand node by season. 

Hydraulic and Hydrologic Data 

(1) The unregulated inflow to each junction site for 
each time frame. 

(2) The intake demand at each junction for each time frame. 
(3) The evaporation rate at each reservoir for 

each time frame. 

System Simulation Data 

(1) Delimiters for time interval and total simulation span.
(2) A list of nodes where spills may occur and a unit cost 

of spills.
(3) Total annual amount, seasonal distribution and unit cost 

of available import water. 
(4) Fraction full for each reservoir at start of simulation. 

CAPABILITIES 

The AL-IV Program is capable of analyzing the operation of an inter­
connected system of as many as 30 reservoirs and non-storage junctions and 
45 artifical and natural water conveyance channels. Up to twelve periods
within a year may be. considered in simulating the operation of a surface 
water resources system. The entire simulation time horizon may be as much 
as 45 years in length. 

The multi-period network model solved by Allocation may contain as many 
as 1800 arcs and 500 nodes. For a particular problem, the number of arcs 
and nodes are computed according to the equations on pages 5 and 7. The user 
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should verify before executing the program that the spatial and temporal dimen­
sions of the problem do not generate a network model which exceeds the specified
limits. 

The Allocation Program is capable of performing a number of analytical
functions either singly or in conjunction with other Texas Water Development
Board models (eg., DPSIM ( 5 )). Included in the model's capabilities are 
(1) determining the minimum cost operating policy for a multiple reservoir 
system over a finite time horizon, (2) sizing reservoir or canal projects and 
(3) finding monthly reservoir operating rules. Details of how these 
capabilities are achieved are presented in the following paragraphs. 

Minimum Cost Operating Plan 

A minimum cost operating plan can be found for any development plan. The 
link-node configuration and the length of the planning horizon define the 
network. Reservoir and canal capacities, inputs, and demands describe the 
major constraints. A set of deterministic inflows and return flows describe 
the inputs . Projected demands constitute the water requirements. The solution 
to the network flow problem associated with these conditions is a minimum 
cost operating plan. It represents the least costly method of transferring 
water through this network. 

The network model solved by the Allocation program has the ability to 
look ahead in time, up to four years, to operate the system. If the critical 
drought is no more than four years in duration then the model can adequately 
convey water within the system to provide the minimum cost operating plan.
However should the drought last more than four years then the network solution 
may not foresee the coming water scarcity and thus may fail to take the 
appropriate corrective measures to meet future water shortages. This situation 
can be alleviated by analyzing the system's operation over such long term 
droughts with the DPSIM program ( 5 ). Such an analysis provides annual terminal 
reservoir storages which can be forced on the system by the Allocation program 
so that water is adequately moved within the system to insure minimum cost 
operation over the c~itical drought. 

Canal and Reservoir Sizing 

The optimal staging, sizing and sequencing of a number of reservoir and 
conveyance projects within a large-scale water resources system may be 
determined by asing the Allocation program in conjunction with the DPSIM 
capacity expansion program. The computational details of this procedure are 
described in the documentation of the DPSIM program. 

If the system under study has only one proposed canal or reservoir project 
to be added then the Allocation program may be utilized singly to size this 
facility. The optimal sizing of individual canals or reservoirs can be 
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achieved by utilizing an iterative process requiring manual intervention and 
engineering judgements to converge on an optimal solution. Results from the 
GAIN Algorithm include the marginal costs of the canal and reservoir sizes 
(constraints). The marginal cost of a capacity constraint increases as the 
constraint decreases because the increment of water associated with the 
decrease in capacity must find another route to its destination. Since the 
solution with the higher constraint is the least costly, the lower constraint 
must increase operating costs. This increase in cost is the marginal cost of 
the constraint. It represents the savings that would result if the upper 
bound (maximum) capacity constraints were increased by one unit of flow or, 
conversely, if the lower bound (minimum) capacity constraints were reduced by 
one unit of flow. 

The manual procedure begins by setting the upper bound constraints at 
arbitrarily high values that will not be reached. As a result, all marginal 
costs will be zero. The solution to this problem, which is essentially
unconstrained, is characterized by high ratios of maximum to mean arc flows. 
These ratios are reduced by decreasing the canal and reservoir sizes until 
their marginal costs become non-zero. These sizes can be further reduced 
until the increase in their marginal costs becomes equal to the decrease in 
their marginal capital costs. 

Since power costs are incurred in each time interval and capital costs 
occur only once, the two items are not directly comparable. With a system that 
experiences increasing demands over time, the power cost for each time period 
should be discounted and all accumulated before making a comparison with the 
incremental capital costs. 

A recommended procedure is to initially size the canal or reservoir under 
some assumed design conditions and refine them in the later evaluation process.
For example, canal size could be preliminarily found under conditions of 
average hydrology and maximum demand. Reservoir size, on the other hand, could 
be estimated for extreme hydrologic and demand conditions. This initial size 
would be refined by interatively reducing or enlarging the conveyance or 
storage capacity of the facility according to the variations in operating costs 
computed by the allocation program. 

It should be noted that the iterative process described in the above 
paragraphs is not as computational efficient as using the DPSIM program if more 
than a few (two or three) alternative sizes are to be considered for the project. 

Reservoir Operating Rules 

The generation of seasonal target reservoir storage levels (impoundment
operating rules) for each reservoir can be obtained by using the Allocation 
program iteratively as described in TWDB Report 179 ( 4 ). An alternative 
and possible more flexible approach than the procedure developed in Report 179 
would be to generate multiple regression equations similar to those developed 
by Young ( 6 ). These equations could be utilized to predict the required
end-of-season storage in key reservoirs as a function of various states or 
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conditions of the system. Parameters such as current reservoir storages, 
season of the year, water demands, and predicted and antecedent seasonal 
inflows could be utilized as independent variables in such regression equations.
The seasonal storage letel s would be:omputed by the Allocation model and these 
numbers in turn would be utilized as the dependent variable in the regression
analysis. 

LIMITATIONS 

The Allocation Program is designed to optimize the simulated operation of 
a general configuration of water storage and conveyance facilities. The 
characteristics of the Network With Gains Algorithm ( 3 ) utilized to solve 
the associated network model does, however, place some restrictions on the 
type of configurations that can be analyzed. 

Networks Containing Loops 

The Network With Gains Algorithm requires that an initial solution be 
provided which is optimal for a particular level of inflow into the sink node. 
The Allocation Program specifies an initial solution having all flows set to 
zero. It is assumed that this set of flows is the minimal cost solution for 
an inflow into the sink of zero. This assumption will not be valid if the 
network model contains any closed loops or circuits having arcs with negative
unit costs either entering or within the circuit. The term closed c~rcuit is 
defined here to be any internal set of nodes and linking arcs through which 
a path may be directed back to any starting node. 

The valid use of the Allocation Program thus requires that the network 
model, corresponding to the spatial representation of physical system, contain 
no closed circuit along which flow may move. Unfortunately, such circuits do 
arise in actual water resource systems, usually in the form of pump canals or 
pipelines. To analyze the operation of water storage and distribution network 
having such characteristic structures, the network representation of the system 
must be modified to remove the circuit. This is possible by adding artificial 
junctions and links to the network to redirect the flows. Figure V indicates 
how this may be done for a simple circuit between two junction points. Nodes 
Aand Bare joined by two pump~conveyance links (P1 and P2) moving water in 
opposite directions. By adding two pseudo-junctions A1 and A1 ' and B' and B11 

, 

the circuit between A and B is re.moved. All inflows into A are now directed 
into A1 and all demands on A are located at node A11 

• 
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Method to Eliminate Loops Between Junctions 

A similar procedure may be utilized to remove closed circuits containing · 
reservoirs. Figure VI illustrates how additional nodes and arcs may be included 
in the network to remove such circuits. This approach is, however, not 
completely satisfactory since an upstream reservoir will be unable to make 
downstream releases using water storaged in previous time periods. For 
example, reservoir A1 1 in the modified network in Figure VI has no outlet for 
discharging stored water except to meet local demands, although unregulated
inflow (into A') in any given period may be routed downstream or impounded. 

To completely overcome this difficulty a slight modification is required in 
the multiperiod network model as presented in this documentation. Instead of 
having the storage arcs terminate at the node corresponding to the reservoir, 
these arcs should terminate at the assoicated artifical node. Thus in Figure VI 
the storage arcs for reservoir A (node A11 in the modified network) would 
terminate at node A'. At any given time interval, storage arcs for reservoir A 
would still originate at node A", but by directing these arcs to node A' in 
the next time period, all water entering node A' could be either restored or 
released downstream. The required modifications in the computer code would occu1 
in subroutine ARC and would involve simply redefining the terminal nodes for the 
storage arcs of the reservoirs concerned. 

22 



IC RR 'C
I 

I 

ORIGINAL NETWORK 

MODIFIED NETWORK 

Legend 

0 Junction 
~ Reservoir 

---+ River Reach 
---• Pump Canal 
'VV"V"+ Unregulated Inflow 
~ Demand 

Figure VI 

Method to Eliminate Loops Between Reservoirs 

Possible Reservoirs Storage Errors 

The Allocation Program has an additional limitation which the prospective 
user should be prepared to deal with. As noted previously, the network model 
djvides the storage in each reservoir into two segments so that evaporation
losses may be more accurately computed. The lower segment of storage 
(represented by S1 in Figure IV ) will invariably be less efficient (in terms 
forevaporation losses) in storing Water than the upper storage segment 
(S in Figure IV ). That is, a unit of volume added to the upper range of 
st6rage will add less surface area to the reservoir than would be added if the 
lower storage segment were augmented by the same volume. Hence, if a shortage 
occurs in the system, the GAIN Algorithm may attempt to take advantage of 
this storage efficiency by placing water in the upper segment of storage without 

r first filling the lower segment. 
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This, of course, is physically impossible and will result in underestimating 
the losses due to evaporation. As noted previously, a unit benefit of $1/acre­
foot is assigned in the model to water held in the lower segment of storage.
This benefit will tend to keep the lower storage range full except possibly
when shortages occur in the system. When such conditions are likely to occur 
the user may force the Algorithm to fill the lower storage segment by setting
the minimum pool equal to the breakpoint storage for the reservoir piecewise 
linear area-capacity approximation curve. Additional options in the form of 
reservoir operating rules are available for requiring the proper filling sequence
in the reservoirs. These are discussed in detail in the description of Input
File P found under 11 AL-IV Input File Description". The user should note that 
the $1/acre-foot benefit assigned for storage in the lower storage range may
effect conveyance between reservoirs when water levels are low. The terminal 
storage benefits indicated in Input File P should be adjusted to compensate
this automatic seasonal benefit. 

Should the Network With Gains Algorithm give a solution which violates the 
storage segmentation constraint, the program will print an appropriate message,
redefine the bounds on the reservoir storage arcs, and again solve the network 
model. The upper and lower bounds on the storage arcs are set to force flow 
through the upper storage segment only after the arc corresponding to the lower 
storage range is saturated. 
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AL-IV PROGRAM DESCRIPTION 

The Allocation Model consists of one main program and 21 subroutines, 
each of which is described in the following sections. A schematic of the 
interaction between subprograms is given on the following page. The AL-IV 
Program was coded in Fortran IV for execution on the Univac 1106 Computer.
Modification of some constants in Subroutine GAIN may be necessary if the 
number of significant figures carried by the user's computer is fewer than 
the nine significant digits in the Univac 1100 Series machines. A further 
discussion of the possible alterations is provided in the section below 
describing Subroutine GAIN. 

Main Program 

This is the executive program that controls execution of the functions 
and subroutines. It consists of three basic steps. Step 1 reads the basic 
input data through execution of Subroutine INPUT. Subroutine INPUT reads the 
general system data with the exception of the unregulated inflows, annual 
demands, and net evaporation rates, all of which are read in Subroutine ARC. 
All input data are described in the "AL-IV Input File Descripti-on. 11 

Step 2 involves executing those subroutines that solve the allocation 
problem. These include Subroutines ARC, GAIN, PREPAR, APRINT, ADJUST, and 
SHIFT. In this step the network is reconstructed with one-year increments, 
until the maximum network size in years is reached. The model then solves 
the problem by deleting a year from the network for each year added. After the 
final year has been added and the assoicated problem solved, step 3 is per­
formed. This consists of a calculation of costs and a final print of the annual 
summaries for the total network. Involved in this step are Subroutines COSTX 
and SPRINT. If at any time an infeasible solution is encountered, a complete
dump of the network structure and data is printed and execution is terminated. 

Subroutine ARC 

Subroutine ARC structures the problem network and converts the input data 
into arc data as required by the Jensen-Bhaumik Algorithm in Subroutine GAIN. 
ARC consists of seven steps. In step 1 the number of years in the network is 
defined and variables are set to their initial values. In step 2 the hydro­
logic inflows and demands are read from the input tape and, if the problem
has just begun and this is the initial year, data for the initial storage 
arcs are defined. After the tape is read, ARC begins a seasonal do-loop
which encompasses steps 3, 4, 5, and 6. These steps involve defining the 
directed arcs, A, in the network; the nodes at both ends of each of these arcs, 
NF(A) and NT(A); the upper and lower bounds on the flow in each arc, HI(A) and 
LO(A); the unit cost of flow in each arc, COST(A); and the amplitude (gain) 
factor for the flow in each arc. These arcs define the paths for inputs,
demands, imports, reservoir storage, canals and river reaches, and spills
from the system. Step 7 defines this same data for the net balance arcs. 
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The net balance arcs are the first six arcs in the arc numbering system
and they represent the following: 

1. Source to sink by-pass arc, 
2. Total inputs to the network, 
3. Total demands from the network, 
4. Total imports to the network, 
5. Total spills from the network, and 
6. Total final storage in the reservoirs. 

The initial storage arcs follow the net balance arcs and are numbered 
from 7 to 6+NRES (or AMIN). Following these arcs is an arc sequence that 
is repeated for every season in the network. This are sequence and its 
relation to the entire arc numbering system is shown in Figure VII on the following 
page where: 

I = season number 
NRES = number of reservoirs 
NJ = number of link junctions
NL = number of links 
NS = number of spills
NSEAS = number of seasons per year
NSOLVE = number of years in network 
AMIN = NRES + 6 
AIMIN = AMIN+ ((I-l) ~ (~J + l+2fNRES +NL+NS))
ARMIN = AI MIN + (NJ+1)
ALMIN = ARMIN + 2(NRES)
ASMIN = ALMIN + NL 
ASMIN = ASMIN + NS 

In steps 3, 4, 5, 6, and 7, ARC builds the network one year at a time. 
After each year has been added, Subroutine GAIN solves the network flow 
problem and ARC then adds another year to the network. This process is re­
peated until the maximum network size is reached. At this point, each time 
a network flow problem is solved, the next year is added to the network 
and the earliest year deleted. 

ARC initializes the flows in all arcs in the network each time a new 
year is encountered. Flows in all arcs are set to zero. 

Subroutine INPUT 

Subroutine INPUT reads from cards all the system data except the un­
regulated inflows, demands and the net seasonal evaporation rates. Reading these 
data involves ten basic steps. Each step reads one or more records related 
to the type of data being read. These types of data pertain to (1) system 
constants, (2) nodes, (3) links, (4) economic parameters, (5) seasonal 
variations in power costs, import availability and channel losses, (6) annual 
print control options, (7) spills, (8) reservoir and canal construction 
times, (9) reservoir operating rules, and (10) shortage costs. These data 
elements are all described in the "AL-IV Input File Description" section. 
INPUT also prints, in tabled form, all data read in the subroutine. 
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Subroutine GAIN 

This subroutine executes the program developed by Dr. Paul Jensen and 
Dr. Gora Bhaumik ( 3 } for solving the network with gains problem for a given
quantity of output flow. All counters and. constants for the algorithm are 
specified in this subprogram. 

The network with gains algorithm is executed by iteratively calling the 
subroutines SHORT and MAXFLO in a two step sequence. In step 1, SHORT 
detennines, on the first iteration, a set of connected arcs providing a 
minimum cost path for flow from the source to the sink. In each successive 
iteration, subroutine SHORT deletes a saturated arc from the current flow 
augmenting path and adds the most promising available arc to create a new path.
In step 2, subroutine MAXFLO examines the current minimum cost path and 
determines the maximum flow that can be directed through that path into the 
sink. Flows in the appropriate arcs are then increased to the levels needed 
to increase the flow into the sink the maximum computed amount. If the total 
flow into the sink is equal to the required inflow then the procedure is ter­
minated; otherwise, the algorithm returns to step l and the process is repeated. 

Upon completion of steps l and 2, GAIN calls subroutine OUTPUT to deter­
mine if the network flow solution satisfies the required minimum and maximum 
link flow and reservoir storage constraints. If the solution is infeasible 
(ie., violates any constraints} then an appropriate message is printed, the 
network model is dumped and execution of the program is terminated. 

The algorithm for solving the network model requires that an initial 
solution be provided which is optimal for a given flow into the sink. The 
set of zero arc flows is used as a starting solution under the assumption
that this is the minimal cost set of flows for an input of zero into the sink. 
This is a valid supposition if the network model has no directed loops or 
circuits. Modification of the basic network model will general eliminate 
any directed circuits and allow the operational analysis of the system by the 
AL-IV Program. A further discussion of this problem may be found under the 
section entitled 11 Limitations 11 

• 

The original version of the GAIN Program was written for the CDC 6600 
computer which carries fourteen significant figures. The Allocation Program
documented herein was developed on a Univac 1106 which is limited in accuracy 
to nine significant digits. This difference in machine precision required that 
the constants E~S and BIG in Subroutine GAIN be redefined from 10-6 and 106 
to 10-3 and 10 respectively. By resetting these small and large tolerance 
values, the program was allowed to ignore small differences (less than .001)
between flow rates. Roundoff errors generated by the machine had been 
responsible for introducing small differences between supposedly equal values. 
These discrepencies sometimes resulted in the program trying to remove from 
the flow augmenting path the identical a~c to be added into the path. When 
such a condition occurred the program began to cycle and would tenninate only
when the time limit for execution was exceeded. 
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Subroutine PREPAR 

Subroutine PREPAR makes all unit conversions and stores the results from 
GAIN in matrices for printing in Subroutine APRINT. It performs these 
operations in five steps for only the first year in each network. Step l 
initiates the values for the variables in the print routine, APRINT, to zero. 
In step 2 the link flows, their maximum values, and their average annual 
values are converted to cubic feet per second and stored in the matrix LQ; 
link power costs and their average annual values are stored in the matrix LP 
in terms of thousands of dollars; and the marginal link power costs are 
converted to thousands of dollars per cfs and stored in the matrix LC. Also, 
annual power costs, APOW, and annual import quantities, AIMP, are determined 
in step 2. Step 3 places the reservoir storage levels and their annual average
in the .matrix RS in units of thousands of acre-feet, and the marginal reservoir 
power costs in the matrix RC in units of dallars per acre-foot. In step 4 the 
Subroutine computes the marginal costs of the continuity constraints and puts
them in the matrix CC in units of dollars per acre-foot, stores the deficit 
quantities in matrix !DEF and !SHORT in units of thousands of acre-feet, and 
computes the annual cost of the deficits, !COST, in dollars per acre-foot. 
Lastly, step 5 stores the spills in the matrix JQ in units of thousands of 
acre-feet. All of these matrices are then used in APRINT, the annual print
routine. 

Subroutine APRINT 

Subroutine APRINT prints the annual results of the first year in the 
network as obtained from PREPAR. APRINT consists of eight steps; each of 
which prints a specific type of results . The correspondents between steps
and results is as follows: 

Step l - Prints Link Flows 
Step 2 - Prints Link Power Costs, Import Costs, Penalty Costs 
Step 3 - Prints Marginal Link Costs 
Step 4 - Prints Reservoir Storage Levels 
Step 4a - Prints Deficits 
Step 5 - Prints Marginal Reservoir Costs 
Step 6 - Prints Marginal Costs of Continuity Equations
Step 7 - Prints System Spills
Step 8 - Prints Maximum Link Flows 

The reader should review "AL-IV Output File Description" for more detailed 
explanations of the output and examples of the formats used in printing. 

Subroutine ADJUST 

Subroutine ADJUST finds the adjustments that must be made in the lower 
and upper bounds of, and the flows in, the net balance arcs when a year is 
dropped from the network. This subrouti ne is not needed during the initial 
construction of the reservoir when years are added sequentially to the network 
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However, once the maximum network size is reached, ADJUST provides the corrections 
needed when a later year is added to and the earliest year dropped from the 
network to maintain a constant size. These corrections pertain to the year
dropped. The corrections needed for the year added to the network are made in 
Subroutine ARC. The sketch below illustrates this. Subroutine ARC uses the 
corrections made in Subroutine ADJUST to update the net balance arcs. 

New Network _____,.,_____ 
t ' 

Old Network 
____.-A_____ 
r ' 

!S 

Year Year 
Dropped Added 

CORRECTIONS CORRECTIONS 
FRO M ADJUST FROM ARC 

Subroutine SHI FT 

Subroutine SHIFT shifts arc and node network data when a year is added to 
the network as a year is deleted from the network. The following sketch and 
description describes this data shift: 

Calendar Network Network Network Data 
Year Year Year Year From 
1977 

1978 

197 9 2 

3 2 

1981 

1980 

4 3 2 SHI FT 

1982 4 3 

1983 4 } ARC 
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The foregoing sketch shows the period 1977 through 1983, and three four­
year networks within this period. Take, for example, the last two four-year
networks. Assume that the problem involving the period 1979 through 1982 has 
just been solved and the network for the years 1980 through 1983 is the next 
to be established. When the main program calls Subroutine SHIFT, the results 
for 1979 have been printed by APRINT and 1979 can be dropped from the network. 
The first year in the new network is now 1980, 1981 the second, and 1982 the 
third. Thus, the subscripts for all arc network data for 1980, 1981 and 1982 
must be shifted by the number of arcs in one year. As an example, suppose
there are 400 arcs per year and 200 nodes per year. In the network 1979 
through 1983, arc 441 and node 269 correspond to an arc and a node in 1980. 
When 1979 is dropped, 1980 becomes the first year in the network and SHIFT causes 
these arc numbers to become 41 and 69. Thus SHIFT provides for the arc and node 
data for all networks to have the same subscript ordering when they are under 
consideration. In this way, all networks can be treated in the same manner in 
other portions of the Model. Subroutine SHIFT provides only for the three 
years retained from the previous network. Data for the fourth or new year added 
to the network is provided by Subroutine ARC. 

Subroutine COSTX 

Subroutine COSTX computes the actual cost, the present worth, and the 
average annual cost of the plan being evaluated. Reservoir capital costs are 
given as input data and their operation and maintenance costs are expressed 
as a fraction of their capital costs. Canal capital costs are based on maximum 
canal flow, and operation and maintenance costs are a fraction of this value. 
Power and imported water costs are determined from the figures developed in 
PREPAR. Present worth is obtained from the actual cost (sum of the costs of 
actual capital, operation and maintenance, power, imported water, and deficit) 
by the equation 

1p = s 
{l+i) m 

and the annual cost is found from the present worth by the equation 

= p ip+nnA ( +i)n-1 

where S equals actual cost, P equals present worth, A equals annual cost, i 
equals interest rate, m equals discount period, and n equals repayment period. 

Subroutine SPRINT 

Subroutine SPRINT prints an annual summary of the actual costs, present 
worth, and annual costs of the development plan. This summary includes capital . 
costs, operation and maintenance costs (for both reservoirs and canals), importe 
water costs, power costs, and penalty costs for deficits. The reader is 
referred to the 11 AL-IV Output File Description" for a detailed description of 
the output format. 
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Subroutine OUTPUT 

Subroutine OUTPUT prints all the arc and network data when the program 
encounters an infeasible problem. A message is printed noting the problem 
cannot be solved and a dump of the data follows. This includes arc numbers, 
gain factors, connecting nodes, upper and lower bounds, unit costs, and arc 
flows when infeasibility was realized. 

Subroutine LOOP 

This subroutine is utilized in the first iteration of the GAIN subroutine 
to determine if the flow augmenting tree includes a flow generating cycle.
Should such a cycle be found then the node potentials are adjusted. 

Subroutine SHORT 

This subroutine establishes the least-cost path from the source to the 
sink by utilizing a shortest path algorithm. After the initial flow augmenting
path is determined, the subroutine constructs additional flow augmenting trees 
by deleting saturated arcs and inserting new arcs to the current tree. 

Subroutine FLOP 

This subroutine determines the flow amplitude in a flow generating cycle
in the current flow augmenting path. The maximum flow change in the cycle is 
also computed, as is the constraining arc on maximum flow augmentation. 

Subroutine COSTF 

This subroutine computes the unit cost of flow transmitted along an arc. 
If the current flow in the arc is less than the lower bound on the flow in that 
arc then a large negative cost is put on the arc to drive more flow through it. 
For flows greater than the upper bound, a similar high positive cost is imposed 
to drive flow out of the arc. The specified unit cost assigned in subroutine 
ARC is used if the flow is within the upper and lower bounds. 

Subroutine FLCHG 

This subroutine increases the flow in an arc by a specified amount. If a 
mirror arc is considered then the flow in that arc is decreased. 

Subroutine FLMXC 

This subroutine searches all the arcs in the flow augmenting tree and 
d determines the maximum change in flow that is possible for each arc. The minimum 

value of all of these maximum flow changes is than the maximum change in the 
flow in the current flow augmentation path. 
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Subroutine TRECHG 

This subroutine updates the flow augmenting tree by deleting a flow sat­
urated arc and inserting an addition arc. In this manner the tree is continual 
changed to enable more flow transmission between the source and the sink. 

Subroutine MAXFLO 

This subroutine calculates the maximum increase in flow into the sink alon 
the arcs in the current flow augmenting tree. The constraining (flow saturatec 
arc in the path is also established. The flow in the augmenting tree is increa 
by the computed maximum amount. 

Subroutine DESUB 

This subroutine deletes a constraining arc from the triple label represen1
tion of the current flow augmenting path. 

Subroutine ADSUB 

This subroutine adds an arc to the triple label representation of the flov 
augmenting tree. 

Function AMPF 

This function computes the fl ow amplitude of all arcs and their mirror ar, 
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AL-IV INPUT FILE DESCRIPTION 

All input data for the Allocation Program is read from cards and is 
divided into 20 files labeled from A to T. A detailed description of the 
individual data files and their associated input parameters is provided in 
Figure VIII. The required formats for the cards in each file are specified 
on the input coding sheets (Figure IX). Figure X displays the sequence
in which the card files must be arranged for input into the computer. 
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CARD OR 
FIELD!D 

PARAl1ETERS 

NJ 

NRES 

ffJLNC 

NL 

NC 

HR 

NYR 

NSEAS 

w 
00 

!DATE 

IMP 

HOOE NO. 

IDENT 

f'AXH,JH 
STORAGE 

HINlPfJH 
STOP.AGE 

RESERVOIR 
CAPITA L 
COST 

DESCRIPTtOII 
PROGRAM 
VARIABLE 

CARD OR 
FIELD ID DESCRIPTIOH 

PROGRAM 
VARIABLE 

CARD OR 
FIELOID DESCRIPTION 

PROGRAM 
VARI ABLE 

FILE A - SYSTEM PARAMETERS S/W P.ATIO 
FOR 

Decimal fraction of water removed from the junction 
(to satisfy the demands at the junction) that is 

RETSW LIHK 
CONVEYAtlCE 

Fraction of water entering the link which also leaves 
the link. This value shoul d represent the yearl y 

EL 

lis ted below are detail!i:1 descriptions of the 
va ria bles deffnfng some of th@ spatial and temporal 
dimensions of the physical system and fts 
associated network formulation (one card). 

I<MANO not consLl!lptively used . This fraction nk.lSt be 
greater than zero and should be set to 1 ff the 
return flow does not re- enter the system. Columns 
{41-45) 

FACTOR 

ORIGIN 

average fraction of water conveyed through the link , 
and IIKlSt have a value greater than zero. Columns 
(41- 50) • Set= 1 ff and only 1f link is a pipeline. 

Originat ing node for the lfnk. Columns (71•75) LNODE(l) 

Nlm:ierofnodes (reservoir and non-storage junctions) 
in the system (11111ximum of JO) . Columns (11 - 15) 

NJ RETURN 
FLIJW 

"°" 
Numeri ca l designation of the junction where the 
effluent from the demand at this jur. ction is 
discharged back into the stream systffll. Leave 

NLINK NOOE 

TERHINA.L Terminal node for the link. Columns (76-80) LtfODE(2) 

Nimtier of reservoirs in the system (maximl.lil of 30). 
Co lurms (16-20) 

NRES this fieldblankiftheeffluentdoes not 
re-enter the system. Col unw,s (51-55) 

tlOOE 

Nl.fter of non-storage junctions in the system 
(maxfnun of 30). Columns (21 - 25) 

NJLNC HINil'llH

"'"''"FP.ACTION 

Fraction of water demand at the junction which must 
be ffl!t. A decimal val ue between O and l fs 
required. The value in this fie l d imposes a 

DLO 
FILE D - CONVEYANCE LINK 
Cc»ISTRUCTION COST 
COEFFICIENTS 

Number of conveyance links (canal , pipelines, and 
~~~~~h(~~~~~j in the system (maxirl'IJm of 45) . 

Number of artiffcal conveyance links (canals 

tlL 

NC 

constraint on the network model that requires the 
indicatedfractfonoftheintakedemandtobesupplied . 
Should the system be unable to meet any of these 
min i m1111 demands then the program will stop with an 
infeasible sol ution. Columns (51-55) 

Listed below are detailed descriptions of the data 
associated with the construction cost versus flow 
capacity of the conveyance links in the system. 
Each lfnk i s assumed to have two associated 
second-order polynominal capital cost equat ions : 

and pipelines) in the system (maximum of 45). 
Colums (31-35) 

/lumber of r iver reaches in the system (maxfmll'II 
of 45). Coll.IMS (36-40) 

HR 

BREAKPOINT 
STORAGE 

Rese rvoir storage {in 1000 acre- feet) were the two 
linear segments join, in the piecewise linear 
approximation of surfue area-storage upacity curve 
for this junction. Leave this f i eld blank if the 
junction is not a reservoir. Thfs storage value may 

BNO 1) canal ditch cost (in doll ars) vs. flow 
capacity (in acre-feet/year) and 

2)cana1 p1111pstatfoncost(indollars) 
vs. flow capacity (in acre-feet/yea r ) . 

Nunt>er of years for which the operation of the 
system will be sim.i lated (maximum of 45) . 
Colu1111s (41 - 45). 

NVR be sma ller than the mfni lllllll allowed storage but no 
greater than the maximum capacity of t he reservoir. 
Co l unw,s (56-65) 

The first equation cou ld be utilized to represent 
the cost of installed pipe if the link is a closed 
conduit . There must be one card for each of the 

Nurrber of equal length subdivisions of a year used 
in analyzing the oper ation of the system 
(maxfmll'II of 12). Columns (46-50) 

NSEAS 
UMER 
STORAGE 
SLOPE 

Slope of line approximating the area- capacity curve in 
the lower range of storage. Colunw,s (71 - 75) 

AOO(l) liL (FI LE A) links, however those cards cor respondi ng 
to natural riverchannelsshouldhaveblanks in 
the coefficient data fields. Should the user not 
require any output concerning the t i me history of 

Calendar year correspondi ng to the first year of 
simulated operation. Also calendar year to 
which present value costs are referenced. 

JDATE UPPER 
STORAGE 
SLOPE 

Slope of line approximating the area-capacity curve 
in the upper range of storage. Columns (76-80) 

A00(2) capital costs over the si mulated operating hori:;10n 
then all coeff i cientdatafie l dsshouldbeleft 
blank. 

(Colu1111s 51-55) 

Number of the junction (node) where i mport into IMP 
FILEC-LlNKDESCRlPTIOH 
AND SYSTEI~ CONFIGURATION 

LINK 
NO. 

Numeri cal designation for the link. 
Coh,mns (1-2) 

the system may occur. Leave blank is no ifl"4)0rt IOENT Alphanumeric descriptor for the link. Colurms {3-10) 
is desired. Colll:nns (55 -60) Listed below are detailed descriptions usociated 

with the various links in the system, One data card CA•IAL DITCH Construction cost equation of the form 
is required for each of the NL {FI LE A) conveyance COST VS. 

FILE B - STREAM JUNCTION links. links should be nuntiered consecutively from CAPACITY Ditch Cost($) " A+ ·s*Q + C*Q2 
DESCRIPTION 

Listed below are detailed descriptions of the variables 
describing the system junctions (s torage and non­
storage). Consecutivenurrberingofthejunctions 

one, beginni ng wfth river reaches followed by pump 
conveyance links. The user is directed to the 
pr i or section dealing wfth the limitations in the 
progra,nforadiscussionoftheconsiderations 
requiredifthenetworkconUfnscircu1tsorloops. 

INTERCEPT 
COEFF. 

where A, 8, and Care constants and Q is the 
conveyance capicity of the link in acre-feet/year . 

Constant coefficient A in t he above equation. 
Colurms (11-20) 

CLINK{l,L,1) 

{nodes) is required with the reservoirs being nuribered 
first f611owed by the non-storage junctions . There 
must be one card for each of the NJ (FILE A) junctions. 

LINK 
HO. 

Numerical designation of the conveyance link . 
Colu1111s (l -2 ) 

1st ORDER 
COEFF. 

Cons t antcoef f i cientBf nthe;iboveequation. 
ColUllllS (21 - 30) 

CLINK{l,L,2) 

llumerical designation of the junction. Columns (1-2) 
!DENT Al phanumeric descriptor of the conveyance link. 

Colums (3- 10) 
CNA/£ 2nd ORDER 

COEFF. 
ConstantcoefffcientCi ntheaboveequatfon. 
Columns (31-40) 

CLINK(l,L,J) 

Al phanumeric descriptor of the junction. 
Colums {3-10) 

Maximum storage capacity of the junction {in 1000 
acre-feet). Co l urrt1s (11-20) 

Hininun allowed storage capacity of the junction 
(in 1000 ac re-feet) . Co l U1111s (21 -30) 

Cost of constructing the storage facility at the 
j unction (in millions of dollars). This field 
may be left blank ff the user does not require an 
ana l ysis of the capital cost over time for the 
system. Columns (31 -40 ) 

RNA!£ 

RCAP 

Rl41N 

CRES 

MAXIl'!ll'I 
FLOW 
CAPACITY 

HINil'llH 
FLOW 
ALLOWED 

TOTAL 
DYNAMIC 
HEAD 

Maximum flow rate for the link (in ft3/sec). 
Columns (11-20) 

Hinimll'II flow rate for the link (in ft3/sec). 
Colurms (21-30) 

Total dynamic head {in feet) which must be over 
come when p1111ping water along the l ink. Leave 
thisdatafiel dblankifthelfnkisanatural 
river channel. Columns (31-40) 

CCAP 

CHIN 

CLIFT 

CANAL PUNP 
STAT IOfl COST 
VS . CAPAC ITY 

I NTERCEPT 
COEFF . 

1st ORDER 
COEFF. 

2nd ORDER 
COEFF. 

Construct ion cost equation of the form 

P1111p Station Cost{$) "A+ B"Q + C"Q2 

where A,8, and Care constants and Q is flow 
in acre•feet/year. 

Constant coefficient A in the above equati on . 
Columns (41-50) 

Constantcoefficient8intheaboveequatfon. 
Columns (51-60) 

Constant coefficient C in the above equation. 
Col1.1nns {61-70) 

CLINK(2,L,1) 

CLINK(2,L,2} 

CL INK(2 ,L ,3) 

INPUT FILE DESCRIPTIOII 
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CARO OR 
FIELD ID 

ECOII 
FCTOR 

ANNUAL 
DISCOUNT 
RATE 

om 
REPAYMENT 
PERIOD 

ELECTRICAL 
PO¾ER 
COST 

MJW1M 

w I PERIOD FOR 
RES.I.O 

SEASONALDISTRIBUTION 
OF AVAILABLE 
WATER IMPORT 

OESCRIPTIOII 

FILE E - ECONOMIC PARAMETERS 

Listed below are detailed descriptions of the data 
required to specify the economic parameters for the 
system. There must be one card in this file. 

Annual discount rate used in computin1J present
value. Colurnns(ll-20) 

Period {in years} over which debts, incurred for 
constructing reservoirs and conveyance links, 
must be repayed. Columns (21-30) 

Average annual unit cost of electricity in 
$/KW-!lR. Columns (31-40) 

"'of the 

eplace-
'"""''- '-'-'~~ ,u,- <.:u11vcy<1m..e <<1<.:111 ~1es as a oecfrnal 
fraction of the construction cost of the canal 
or pipeline, Columns (51-60) 

Unit cost of water imported into the systeri in 
$/acre-foot. Columns (61-70) 

I 
Time period (in years) required between inittat1on 
of construction and f\ml completion of • 
projects. Columns (71-75) 

Time period (in years) required between initiation 
of construction and final completion of canal and 
pipeline projects. Colunns (76-00) 

ILEF 

data 
power 
in this 

FILEG- AVAILABILITY 
WATER 

Listed below are detailed 
specifying the seaso01Jl 
into the system, There 

acre-feet) of water available 
n in each year. ColuwM {ll-15)I list of decimal fractions specifying the portion of 

the total ,mnual import water that is available in each 
season of th!! year (maxi!11Wl'I of 12 values). Colw.,ns 
{16-20;21-25;26-30;31-35;36-40;41-45;46-50; 
51-55; 56-60; 61-65; 66-70; 71-75). 

CARO OR 
FIELD IOI II 

PERINT 
SEASOIIAL 
CORRECTION 
FACTORS FOR 

NPAY 
11 

CONVEYANCE 
COEFFICIENTS 

PO\IR 

RESONM I I COIITROL 

Cot/OUM 

CIMI' 

I LAGR 

I LAGC 

I SOLVE 

II 
YRS 

POWFAC 

NU}BER 
OF YEARS 
TO BE 
SOLVED 

I 
XIMP 

xx 

l'.IPUT FILE DESCRIPTin'/ 

DESCRIPTION 

FILE H - SEASONAL VARIATION OF 
LINK CONVEYANCE FACTORS 

Listed below are detailed descriptions of the data 
describing the variations within the year of the con­
veyance ratios for the links. There must be one card 
in this file. Pipelines are not effected by these factors, 

List of decimal fractions specifying the seasonal 
transmission factors {ratios of flows leaving 
link to flows entering link) as fractions of the 
average annual link conveyance factor (FILE C) 
{maximum of 12 nonzero values). Colums (11-15; 
16-20; 21-25; 26-30; 31-35; 36-40; 41-45; 46-50: 
51-55;56-60;61-65;66-70) 

FILE I - PROG!W-1 OUTPUT CIDiTROL 

List of integer values defining the output mode 
for each year of the sinulation. The print options 
are as indicated below: 

2 - Print all output specified under option HQH 

except marginal costs, 

3 - Suppress all output for this year 

ues may be listed with one value 
assumed that the yearly print 

sequentially beginning with the first 
in colurm 15. Colwnns (15-59) 

FILE J - Tit-E DIMENSIONS OF ALLOCATION PRODLEM 

Elf 

IPRNT 

NUMYRS 

!JSOLVE 

CARO OR 
FIELD IO 

SPILLAGE 

MAXIMUM 
NOOE 
SPILLAGE 

UNIT 
SPILL COST 

NUMBER 
OF SPILL 
NODES 

SPILLNDS 

NODE NUM­
BER OF THE 
DESIGNATED 
SPILL NODES 

RES START 

NUMl3ER 

YEAR 

LHIK START 

NUffiER 

YEAR 

DESCRIPTION 

FILE K - SYSTEM SPILL OESCRlPTI0!-1 

Listed below are detailed descriptions of the data 
associated with specifying the unit cost and maximum 
magnitude of spills from the system. There must be 
one card in this file. 

Maximum rate of spillage (in 1,000 acre-feet per sea-
son) from each spill nodes. A large value (e.g., 5,000 ) 
should be used to insure that water can leave the system. 
If the val~ is too small then an infeasible solution 
may result. Columns (11-20) 

Cost of each unit of water spilled from the system 
(in $1/acre-foot), The program specifies a minimum 
unit cost of $.001. Coll!ffltls (21-30) 

Total number of nodes in the system which are allowed 
to spill water from th:i system (maxinum of ten (10) 
nodes). Columns (31-40) 

FILE L - SYSTEM SPILL NODES 

Listed below are detailed descriptions of the data 
defining the locations within the system where spills 
may occur. Care should be taken in specifying the spill 
nodes so that excess water will be able to exit the 
system. Infeasible solutions w,ay occur if the spill 
nodes are inproperly located. The spill nodes are read 
five nodes per card with a maximum of two cards in 
this file. The number of spill nodes must correspond 
to the number indicated in FILE K. 

Numerical designation of the nodes which are specified as 
system spill nodes. These nodes may correspond to either 
reservoir or non-storage junctions. Columns (19-20; 29-30; 
39-40; 49-50; 59-60) 

FILE M - RESERVOIR CONSTRUCTION TIMES 

Listed below are detailed descriptions of the data de­
fining the installation ti11e of reservoirs within the 
Simulation period. Starting ti11es for up to four 
reservoirs are read per card. There 1m1st be enough 
cards in this file to read data for all NR (FILE A) 
reservoir facilities. 

Numerical designation of the reservoir. Columns 
(19-20; 34-35; 49-50; 64-65) 

Simulation year for completion of the 
reservoir. Columns (21-25; 36-40; 51-55; 66-70) 

FILE fl - LINK CONSTRUCTION TIMES 

Listed below are detailed descriptions of the data 
elements specifying the installation times of 1111 
conveyance links in the system. Starting times 
for as many as 4 1 inks are read per card. There 
must be sufficient cards in this file to read data 
for all NL {FILE A) links. 

Numerical designations for link. Columns (19-20; 
34-35; 49-50; 64-65) 

Simulation year for completion of the link. Colums 
(21-25; 36-40; 51-55; 66-70) 

PROGRAM 
VARIABLE 

SCAP 

KSPILL 

NSPNDS 

JS 

JBLT 

LBLT 

FIGURE Vlll-B 

AL-IV h/PUT FILE DEscRJPTJON 



IIIPUT FILE DESC~IPTION 

PROGRAHCARD OR CARO OR PROGRAMCARO OR PROGRAHDESCRIPT!Olt DESCRIPTI01l DESCRIPTIONFtELDIO VARIABLE FIELD ID VARIABLEFIELD ID VARIABLE 

End-of- Year 
Stora!leBenefit 
Function 

la..>IL-~-------~~- Storage 
HIN BK HAX 

Variable Storage 

~Required Storage 

End-of-Season 
Storage Benefit 
Function 

Slope=O 

==-~-----~-~~- Storage 
IHN BK T l"AX 

Variable Storage 

"Lower Boond Storage Rule (Option 2) -

In contrast with the previous operating option 
that varies the maxi111Jm all'Dunt of carry-over storage, 
this option requires that the user specify target ter­
minal storages that are required to be met or exceeded. 
As with Option 1, a unit storage benefit is assigned 
for annual terminal storages between the maximum storage 
capacity and the terminal target. 

This reservoir operating option can be useful 
in cases where the network model tries to fill the upper 
segment of storage in a reservoir before the lower seg­
ment is filled . Such situations usually arise during 
periods when reservoir storages are quite low and shortages 
are occurring at the demand cente~. 

The manner in which this operating option functions 
is illustrated in the figure below. The variable range 
of storage is controlled by the minfm1,111 target storage 
(T) designated. By specifying any value of T between 
the minimum and maximum capacities of the reservoir, the 
network model is forced to fill the storage in the im­
poundment in the proper sequence. If the required tar­
get level is set too high, however, it is possible that 
either an infeasible solution may result or a shortage 
may occur in the demands supplied from the reservoir. 

"_LQWfR__ BPWID" pP_IB,\_T_!_NJ, RU~E_ 

Case I: T::_BK 

End-of-Year 
Storage 
Benefit 
Function 

'..:'~I/ Storage 

1variable I 
Storage 

PCT FULL 

NUlt3ER 

PERCENT 

RES OPER 

~ 
0 

FILE O - INITIAL RESERVOIR STORAGE 

Listed below are detailed dt!Scriptions of the data 
elements specifying the storage conditions to be 
ass ign~ to the reSl!!rvofrs upon their installation 
in the system. There must be a sufficient nurrber 
ofcardsinthisfiletoprovidestartingstorages 
for all NRES (FILE A) reservoirs, with a maximum of 
four{4)storagevaluespercard . 

Numerical designation for the reservoir. Columns 
{19- 20;34-35;49-50;64-65) 

Percentage of maximum storage capacity corresponding FSTART 
to the initi al storage level desiredfnthereservofr. 
Columns (21-25; 36-40; 51-55; 66-70) 

FILE P - RESERVOIR OPERATING RULES 

Listedbelowaredetaileddescriptionsofthedate 
elements required to specify the manner in which the 
reservoirs in the system are to be operated. The 
Allocation Program allows the user to specify one 
of two oeneral operating policies for each of the 
reservoirs in the system. These rules control the 
storage level in the reservoirs by specifying the end­
of-year storage conditions. The two reservoir policies 
will be designated as the "upper bound" and "lower bound" 
terminal storage rules. These rules are predicated on 
dividing the available storage space in each impoundment 
into several storage seg:nents. Complete description of 
these rules are provided below. There must be NRES (FILE A) 
cards in this file. 

"Upper Bound" Storage Rule {Option 1) -

. This operating policy option requires that the 
user specify for each year of si11V.Jlated operation a 
maximum level of storaqe (T) that is allowed to be 
carried over to the beginning of the next year . These 
storage volumes must be no greater than the maximum 

=~~1;i~~~s:r~~~~o~e~!~j~f a,~~r!~1~~r::,:~!. as! ~gned 
by the user to the annual terminal storages in the reser­
voir. This nunt.er should reflect the relative desira­
bility of storing water in this reservoir as opposed to 
storing the water in another impoundment or releasing 
it to meet demands. 

Inthenetworkll'W)del, thereservoirstoragesatthe 
the end of each season and year are assigned various bene­
fit values. Theassociatedbenefitsforthisoperatfng 
ru l e option are indicated in the figures below. The BK 
storage level in these figures corresponds to the 
breakpoint storage in the piecewise linear approxima-
tion to the area-capacity curve (FILE B). 

MUPPE~ - BOUHO"___QPERATIN'> _RULE 

~ Required Storage 

End-of-Season 
Storage Benefit 
Function 

SlopezO Storage 

Hill BK MAX 

VariableStoraqe 

Case II: T<BK ~Required Storage 
s· 

Slope= 0
End-of- Season 
Storage Benefit 
Function 

L~-----~-,MAiAixc""'- Storage
MIN BK 

Variable Storage 

_,::::;- Required Storage 

End- of-Year ~$Storage Benefit 
function 

HUK3ER 

OPER OPT 

STORAGE 
BENEFIT 

BK Storage 

~ 
Variabl e 
Storage 

Humerfcal designation of the reservoir. 
Columns (14-15) 

Operating Option for the reservoir. A value !OPTofeitherl (for"UpperBound" Rule) or2{for 
"Lower Bound" Rule) must be used. Columns {19-20) 

Unit storage benefit (in $/acre-foot) for water stored TCST
attheendofeachyear inthereservoi r. Coll.IMS (21 -25) 

FiGUlE VIII-{ 
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CARO OR 
FIELD JO 

END-OF-YEAR 
TARGET RESER­
VOIR STORAGE 
LEVELS 

SHORT COST 
.i::,.__, I 

NUMBER 

SEASON 

UNIT COST 

WiREGINF 

YEAR NO. 

NODE NO. 

SEASONAL 
IrffLOW VALUES 

PROGRAM
DESCRIPTION VARIABLE 

CARO OR 
FIELD ID DESCRIPTION PROGRN1 

VARIABLE 

Set of as nany as 13 yearly target teminal storage I TF.AC 
levels for the reservoir as decimal fractions of the 
maximum reservoir storage (FILE 8). Each value must 

FILE S - JUNCTION WATER DEMANDS 

be no greater than 1 and no less than the fraction 
associated with the mlnirnun storage pool (FILE B). 
If the nurrber of years NVR (FILE A) in the simula-
tion period exceeds 13 then the target annual ter-
minal storage levels for years 14 and beyond are all 
set equal by the program to the target given for 
year 13. Columns (26-29; 30-33; 34-37; 38-41; 42-45; 
46-49; 50-53; 54-57; 58-61; 62-65; 66-69; 70-73; 74-77) 

OEKANDS listed below are dt!tailed descriptions of the data 
specifying intake denands (not the consumptive use) 
ofthereservoirandnon-storagejunctions in the 
system for a single year. The demands at any junction 
nay vary by season by year over the simulation period.
There must be UJ {FILE A) cards in this file, with 
junctions read in sequential order. 

A decimal fraction specifying the probable underestima- I ALP 
YEAR NO. Year in the sirNJhtion in which the seasonal demands 

on the card occur. Colw:ms {13-15)
tion in each required yearly target terminal storage 
level given for the reservoir. This variable is applicable 
for use with operating Option 2 when the storage target 

NOOE NO. Numerical designation for the junction. Columns (19-20) 

iroy slightly underestinate the requfred carry~over storage 
needed in future years. The value for a may vary with the 
<1ccuracy of the targets; however, experiences with storage 
targets generated by the DPSIM program indicated that «"'.1 

SEASONAL IN­
FLOR VALUES 

list of seasonal intake demands at the junction {in 
1,000 acre-feet). Colunm.s (21-25; 26-30; 31-35; 36-40; 
41-45; 46-50; 51-55; 56-60; 61-65; 66~70; 71-75; 76-80) 

was satisfactory. A nonzero value for a should be used only 
only under Option 2 and then only at key supply reservoirs 
in the system. 

The specified value of a supplied by the user is utilized FILE T - RESERVOIR NET EVAPORATION RATES 
in the program to increase the targets from later to 
earlier years in the simulation period. These increases EVAP P.ATE listed below are detailed descriptions of the data 

specifying the seasonal net evaporation rates in a 
i~~s~~l(~~1~~!"{;a:tb) take into account intervening single year at the reservoirs in the system. These 

must be NRES (FILE A) cards in this file, with the 
reservoirs read in sequential order. 

FILE Q - OEtt!.NO SHORTAGE COSTS 

listed below are detailed descriptions of the data 
YEAR N-0. Year in the simulation in which the seasonal evapora­

tion rates on the card occur. Columns (13-15) 
specifying the unit cost incurred at each junction for 
failing to supply the maximum intake demnd. The unit 
shortage costs nust be provided for each season of the 

OODE NO. Nunerical designation for the reservoir. Columns 
(19-20) 

year, with a maximum of four seasons on each card. 

Nu.'l'lerical designation for the junction. Columns (19-20) 
SEASONAL 
EVAPORATIOII 
RATES 

list of seasonal net evaporation rates at the 
reservoir (in feet/season). Columns (21-25; 
26-30; 31-35; 36~40; 41-45; 46-50; 51-55; 56-60; 
61-65; 66-70; 71-75; 76-00) • 

Numerical designation of the season within the year. 
This must be a positive integer value no greater than 
12. Columns (21-25; 36-40; 51-S5; 66-70) 

Unit Cost of shortage in the demand (in $/acre-foot) CST (I, J) 
at the junction in the indicated season. Columns 
(26~35; 41-50; 56-65; 71-78) 

FILE R ~ JUNCTIO!{ IJNREGULATEO INFLOWS 

listed below are d.etailed descriptions of the data 
specifying the seasonal unregulated (natural) inflow 
into all junctions 1n one simulation year. Each card 
contains up to twelve seasonal inflow values for a 
single junction. There must be f/J (FILE A) cards in 
this data file, and junction inflows must be read in 
sequential order beginning with junction number 1. 

Simulation year in which the seasonal inflows on the 
card occur. Colums (13-15) 

Numerical designation for the junction. Columns 
(19-20) 

list of unregulated seasonal inflows into the junc­
tion {in 1,000 acre-feet). Colums (21-25; 26-30; 
31-35; 36-40; 41-45; 46-50; 51-55; 56-60; 61-65; 
66-10; 11-1s; 76-001'. /j1;:s1 -Ncjt~r,·, e 
tkw_,, , 

INPUT FILE DESCR!PT!Oil 

FJGURE Vlll-D 
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TEXAS WATER OEVELOPMEtH BOARD 
ALLOCATION MODEL 

AL- IV 

STREAM JU'KTIO'l DESCRIPTION' PIECEWISE LINEAR APPROX. OF RESERVOIR AREA - CA 
10DE 

MINIMUM' S/W RATIO RETURNRESERVOIR 
DEMANDFLOWMI!IINUN STORAGE FOR BREAKPOINT STORAGE • LOWER UPP 

NO 
MAXIMUM STORAGE CAPITAL COST 

(1000 AC- FT)FRACTIONIDE!IT NODE( 1000 ACRE- FEET) (1000 ACRE - FEST) ($106) DEMAND SLOPE SLO 

.• 
., 

,· ·/( .I· I 

:m>•\: 
. '.·· .I I II I 

TERMl 
/IOD 

LINK DESCRIPTION AND SYSTEM CONFIGURATION 

NAXIMUN FLOW MI!IIMUM FLOW TOTAL DYNAMIC HEAD LINK CON VEYANCE IN 
I DENT CAPACITY (CFS) ALLOWED (CFS) (FEET) FACTORflO . 

CONVEYANCE LIIIK CONSTRUCTION COST COEFF ICIENTS 
CANAL PUHP STATION COST VS. CAPACITYCA!IAL DITCH COST VS . CAPACITY ( ,\··<.:>LINJ,., 

INTERCEPT COEFF . let ORDER COEFF . •. ... .... /lat ORDER COEFF . INTERCEPT COEFF . IDENTNO 2nd ORDER COEFF . 2nd ORDER COEFF . .. ::·F IF FE EE 
F IF F :· >I IE F F 

·. ..·.·. ·:·F I< IF FEE ..F F IF FEE . ............E IF FE EF 
F ·.•EIF F FE 

.•·:F E EIF FE 
1: .... :.··.·.IF i F FE EF 

...E F F FE E 
19201(! 11 1718 2122 2324 ., ..,1113 14 151•6 4 ~ 4 6 4748 51'12 77;2526 2.728 4142 4950 5354 55 56 5758 6162 71 72 737"1 7576314 1 "\ rl 7 1.,I) 29 30 39 40 -IJ•M 5960 6768 69 7031 32 333"1 3'1 36 37 38 65G6•! :> 

~ 

~ h--,--~~~---+--==-,--,.+,--ri-'-T',-'-~~~-1-,_.µ'-',C-,;.:c:"",-__,--1....;.:.,....;ri=-,'"r-'r-r-T-t-T-'ri--i'-T'i"-.~.-h---,-+.;...c:,....;;.....;.:.:,-,--1'4'¥¥":""I· 

., 
;J
!;: h--,---~~~,---+--,---,-,-,-+.-,--,.+,--,.,---,--+-,C,:..:,;:--,-:..-i-:;:::;.::::;:.....:..i....:;::.:;.::=,::..,.::..+....;.:--,-:..;c-,-+"'r-'r-n-t-T'-ri'--r+-~~.-h~-.;..:.ifC.,.....;.:.:,-;.c.+-,,,-,.,--+--i 

Note : All nwncPic ficldn l,)ithout dccimala F1 GUlE IX-A 
ara integer 

AL-IV INPl/f SHEET 
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AL-IV 

" 
gk.-~---..,.....,..-,-.--H~Tn-'-r'-'r'n"l-,.---,-+'r-n-'+-,.---,rt--r"n"'-rrrr---.r-11'-+--&'1"1t&+n++-rr-ri-t-+-r-ri-+....,,..,.,-"-.-,--i-:,....,,.:.,...;..;;:,.:,;,.,,.-,-r-r-,-.-H 

RESERVOIR CONSTRUCTION TIMES 

i'.I 
R8SERV0IR START TIMES 

NUNBER YEAR '.l !I UMBER YEAR 
.. >,:•_-:".·; NUMBER YEAR .·.· ., 

l/UMB .'R yv~ R .·.·: i· 

R F S SITI A RTl RI E s I ii I 

i 
I I • RI Fl sl .. , •.J. RIE Is I I I I I 

R F S sl1IA RTl ,.. 
R! F S I I •. s I ···•· IRI Fl sl I ..•I I RIE Is I I I I 

R E S s TIA RT, HiIRIE s I 1. I•· S I RElsi ...- T RIE Is I I I I 
R E S s TIA RTl .• RI E s I s I ::· RElsi I •··1 ! RIE !s I I i I I 

R E S s Tl A RTI I RI EIS i I I I i R Fl sl ! I RIE Is I I i . ! : 1:. t·:·:.· 
I 

R E S Is T•A RTl btl !"· RI E s I I I ,. IRIElsl I I I k REis I l! R IFk. I 
i ii I l••· 1.i L i 

R,<rnvnrn nPFRAT!NG RIii F< 
OPt:R. STORAGE F,,'ND-OF-YF:Al?. TARGF:T RESBRVOIR STORAGE LEVELS (DECIMAL FRACTION OF MAXIMUM STORAGE) 
OP:rION BEU:FI'! !---,---,----,---,---r-----,--,----,----,----,---,r---,---j 

NUMBER (1 o't' J) (¢/AC-F':r YEAR 1 YEAR:;. 4 YE.AR. ~EAR6 YEAR? YEAR.B IEAR 9 JSAR 10 YEAR 11 YEAR 12 J.!AR 1$ a 

P-R4dF~i~ o• p--'i"'-" = 1
_._,...T·-,1-i--t- --r"--r 1 1 • 1 1 11++-'l-+-J-l _,_!+·-=-':.il-1s; -+:= Ei R,_,'~+R~1Fi s~'r--Fo.,,!r..., l:-r-:--1-1--t--1-t-t-·I,...··~+: -1--+·H- l_.,_:I•:.il-'--1-1--li.:_·.LI-1!-1--:.il.:..·+-'--''++le.·lwl++I·-1

1 

RiE ls• :o 1pIE :R M 1s i oip iT I , i • 1 I I· I ! -t-+1. ·+l-+l-1-+-·+l-+l-+-i-l·+I+l-1-l+·.c..l+'+-+'-·:--,-l-1-l-·I,-·+I+-+I--I1-+I+·-+!_IH 
,; RI EIS Io! pl EiR R E s . 0 P iT i I I • I -+'H-+I•-;i_,l--1-_,_I·+l-+--1-+'+l-+l-t-t-'+l-+l-+--,-I•+I..:.I-1-i,-•t-:+I-1--11-·!-I+-I-1--1!_·l'-1-I+-+1_.11-+1+•~l~IH 

I~RIFsi 1n:PiFRi nlrlTi I •• • I I I l•i I l•I ! •I ·i 1 ;,11 1·11 1·1 I 1·11 1-11 ·I IIt 
IRIE is I Io ipIEiR ; oIp !T I I I I , I l1-,- li-1-+-·+l-1l-1--+I•-1I_I'-l--'-i-1'l~l.J-.,-,_.,'-1-1-1--1lc...·+-I+'-+-i-I·.J-.,-I-1-·+I-+1-JI I l-1·I-+-I+-+j_.i-I+I-1--11+•.;._l+1-+-+-'-l.-! 

l"R-,.,IE"',s'-+,-'1""0"'-1p'""!E"-'-',""'Ri~~R E.. I o\PIT 1 I 1 • I i•I : I '.•I I 1,1 I i-I I •I I ·I I \,I I :·Ii i·I i l•I I \.\ i ·\ I1 

FIGURE IX-8•::;Le: All m«c1'ia fields uithout dcaima'lv 
a:rc i.11.t•ugr Al-IV INPUT SHEET 
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YEAR NODE 
NO . NO. Sb'ASO!I 1 

I 111 • 0 C < Tl N C Iv o ii r l T 

UIN R F G I IN F Iv R 11r l r 

U N R E G I N F y R J C T 
111 1N R F G l IN F IY R J cl T 
Ill N R E G I I~ F y R J Cl T 
u ~ R E G I ~ F y R J CIT 

U N R E G I N F y R J C T 
U N R E G I N F y R J C T 

1111 N olFIr, l IN F IY IR .11r lr 
111 1~ RIFi r, l IN F lv l o 11rlr 

111 1N RI FIr, 1 IN F lvl R .IIrlT 

U N R E G I IN F IY IR J CIT 

U N R E G I N F y R J C T 
III INIRIF G l IN F IYIR J cir 
III IN IRIF r, l IN F lvl R 1lrl T 
I II IN Iolcl r. TIN IF lv l R •I Ir l T 

Ill 'I IRIFI r, l INI F lv lR I CIT 
lll l rJ RIclG I I~ F IYIR JIr Ir 

? 3 41".> 6 7 .. 10 II 12 13 14 15 16 17 18"19 20 21 2223 2425 

;JEAR NODE 
NO . NO . SEASON 1 

Ir; FIM • • r < I,IR ,r l r 
D E MA N D S y R J C T 

Ir IF IMl A ,1 r s I, R J Cl T 
lnl cIMA N r S IYI R I.1Irl T 
D E MA N D S y R JCT 
D E MA N D S ·Y R J C T 

D E MA N D, S Iv R J cl T 
D E MA N D S y R J CiT 
D E MA N D S y R J C T 
D E MA N D S y R J C T 

D E MA N D S y R J C T 
In FIMl AIN n s V R I CIT 

D'F MA 'I D S y R J C T 
In FIMI AIN n s y R J C T 
D E MA N D S y R J C T 
InIF MA N D S y R J C T 
DE MA N D S y R J C T 
D E MA N D S y R J C T 

SEASON 2 

JUNCTI ON UNREGU' ATCD I •"Lm1s 
SEAS"NAL INFLOW- VALUES 11000 Af'RE-FEETl ~ 

SEASON J SEASON 4 SEASON 5 SEASON 6 SEASON '1 SEASON 8 SEASON 9 

2627 2829 3031 3?33 3435 3637 3839 40 41 42 43 444! 4647 4849 50 51 5253 5-1 55 5657 5859 60 61 '" .. " 
SEASONAL DEMAND VALUES (1000 ACRE- FEET)~ 

SEASON 2 SEASON J SEASON 4 SEASON 5 SEASO.V G SEASON 7 SEASON 8 SEASON 9 

RFSFRVQ I R NFT EVADQDH IQN RATES 

SEASON 10 SEASON :l1. SEJ 

66" 68 69 70 71 72 7l 7'!75 767 

SEASON 10 SEASON 11 SE 

TEXAS WATER DEVELOPMENT BOARD 
ALLOCATION MODEL 

AL- IV 

111,/fT In~ WHCO TICMMJnC 

YEAR RES . 
NO . NO . SEASON 1 

11 ~ n ' I A T F I\ R f F S 
IF V A p R A T E y R IcIF S 

E V A p RA T E y R R E S 
E V .~ p R A T E y R R E S 
E V A p R A T E y R R E s 
EV A p R A T E y R R'ES 

If V A p RA Tl F YIR R E S 
E V A p RA T E y R RE S 
E V A p RA T E y R R E S 
E V A p RA T E y R R E S 
E V A p RA TE y R RE S 
E V A p R A T E y R RE S 
E V A p RA T E y R HS 
E V A p RA T E y R RE S 
E V A p RA T,,.E y R RE S 
E V A Pl R A T E y R RE S 

E V A p RA T E y R RE S 
E V A p RA T E y R IR E S 

' ' 3 -115 '' .. !O II 1213 '" 15 
16 17 1919 2021 22 23 2425 

!Aft juotify and inoart decimal pointo; all 
other nU'llcl"ic fieldo intagor 

SEASONAL EVAPORATION RATES (FEET/SEASON) ~ 

SEASON 2 SEASON J SEASON 4 SEASON 5 SEASON 6 SEASON '1 SEASON 8 SEASON 9 

2627 2929 I•" 3233 3-135 3637 39 39 -10-.1 42-13 """5 -16-17 -1949 50 51 5253 5455 5657 5959 6(61 6263 6465 

FWJRE !X-C 

Al- IV INPUT Slim 
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Time Dimensions of Allocation Problem (1 Card) 

FILE I Program Output Control (1 Card) 

FILE H Seasonal Variation of Link Conveyance Factors 
(1 Card) 

FILE G Seasonal Availability of Import Water (1 Card) 

FILE E Economic Parameters (1 Card) 

FILE B 

Parameters NJ, NRES, NJUNC, NL, NC, NR, NVR, NSEAS, 
!YEAR, IOATE, IMP

FILE A 

FILE 0 

FILE F Seasonal Variation in Power Costs (1 Card) 

FIGURE X 

AL-IV INPUT DATA DlGANIZAT!ON 
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AL-IV OUTPUT FILE DESCRIPTION 

The initial output of the Allocation Model consists of printing the card 
input data and a summary of the structure of the problem. Following this 
is output from Subroutine APRINT describing the annual simulation results. 
As previously described, this output is controlled by the variable IPRNT. 
Data that can be printed for each year of the simulation are described in the 
following sections. At the end of the simulation output, Subroutine SPRINT 
prints total costs, present values of total costs, and average annual costs . 

INPUT DATA 

Table III (page 55 ) illustrates a sample printing of the card input
data. Information on the problem is grouped by junctions, links, the 
beginning year, the number of seasons in each year and the number of years
in each network. 

ANNUAL SIMULATION RESULTS 

Link Flows 

Table IV (page 63) shows seasonal and yearly average link flows and is 
printed for each year of the simulation. Flows are expressed in cubic feet 
per second for each link by season. An arithmetic average of all seasonal 
l i nk flows is printed to the right of the seasonal flow. The first 12 links 
represent river reaches while the remaining 11 are pipelines. Water imported 
to the junction specified in Table !Vis the last entry in this table. The 
yearly value is the total amount imported, in acre-feet, during the year.
Seasonal values are in units of cubic feet per second. 

Link Power Costs 

Table V (page 64) shows seasonal and yearly average link power costs 
that can be printed for each year of the simulation. Costs are given in 
thousands of dollars. An arithmetic average of all seasonal power costs is 
printed to the right of all seasonal costs. Since the first 12 links are 
river reaches, no power costs are incurred for the flows in these links. 
Power costs in Table V correspond to link flows in Table IV; however, when 
the power costs is less than one thousand dollars the cost is truncated to 
zero. The total annual pumping cost (in thousands of dollars) is printed 
at the bottom of this table. 

Marginal Costs for Link Constraints 

Table VI(page 65) shows the costs that would be incurred if it was 
necessary to change the link constraints by one cfs. These costs are termed 
11marginal costs for link constraints." They can be printed by season at the 
end of each year in the simulation period or suppressed entirely. The 
values may be positive, negative, or zero. Positive marginal costs are 
associated with the lower flow (bound) constraints . For example, if it is 
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necessary to provide a minimum flow in a particular link and the optimum
(minimum cost) solution is constrained by this minimum flow, the penalty
(cost) we pay for having that constraining flow is the marginal cost. 
Since the cost of one cfs in a link is dependent on the status of the entire 
system network, the marginal cost refers only to the last unit increment 
(one cfs) of link flow. 

Negative marginal costs relate to upper flow (bound) constraints. 
For example, if the flow in a particular link is at its upper limit and the 
optimum (minimum cost) solution is constrained by this condition, a negative
marginal cost indicates the saving that would be achieved if the upper flow 
constraint was increased by one cfs. 

Zero marginal cost indicates that the link flow is not being constrained. 

Reservoir Storage Levels 

Table VII (page 66) shows seasonal and yearly average storage for 
reservoirs and is printed for each year of the simulation. Seasonal and yearly 
average storage is expressed in thousands of acre-feet. Of the 15 nodes within 
the network, the first 10 are reservoirs capable of storing water. The 
remaining 5 nodes are junctions that cannot store water, and hence there is 
no output for them. 

Marginal Costs for Reservoir Constraints 

Table VIII(page 67) shows the costs that would be incurred if it were 
necessary to change the volume of water stored in a particular reservoir by 
one acre-fo9t. These costs are termed "marginal costs for the reservoir 
constraints." They are printed by season at the end of each year in the 
simulation period. These values may be positive, negative, or zero. Positive 
marginal costs relate to lower storage (bound) constraints. For example, if 
it is necessary to maintain a minimum pool elevation, and the optimum
(minimum cost) solution is constrained by that elevation, the marginal cost 
is the cost of retaining the last acre-foot of water in the reservoir. 
Because the cost of storage depends on the status of the entire network, the 
marginal cost refers only to the last acre-foot of storage. 

Negative marginal costs are associated with upper storage (bound) con­
straints. For example, if a pool elevation is at its upper limit, and the 
optimum (minimum cost) solution is constrained by this elevation, a negative
marginal cost indicates the saving that could be realized if that reservoir 
could store an additional acre-foot of water. 

Zero marginal costs indicate that the reservoir storage is between its 
upper and lower bound (elevations) for an optimum solution and that no gain 
or loss will occur if the constraints are changed. 
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Marginal Costs for Continuity Constraints 

Table IX(page68) shows the cost of delivering one additional acre-foot 
of water to each node in the network. These values, termed "marginal costs 
for continuity constraints," are expressed in dollars per acre-foot. 

Average Spills 

Table X (page 69) shows the seasonal and yearly average spills from 
those nodes whose spills leave the system. These results may be printed for 
each year in the simulation period or they can be suppressed. The nodes are 
identified in Table III. Seasonal and yearly average spills are expressed in 
thousands of acre-feet. 

Maximum Link Flows 

Table XI (page 70) shows the maximum link flows that have occurred up to 
and including the year being printed. Values are in cubic feet per second. 

COST RESULTS 

Total Costs 

Table XU summarizes total costs at the end of the simulation. Costs in 
thousands of dollars are accumulated by year. Costs are shown separately
for physical facilities and for capital and operation and maintenance. 

Present Values of Total Costs 

Table XIII summarizes the present values of the total costs in Table XII. 
Present values refer to the base year shown in the title of this table. 
Like total costs, present values are accumulated. Costs are shown separately
for physical facilities and for present values of capital and operation and 
maintenance. The entry corresponding to the last year in this table shown 
the present value of total costs to construct, operate, and maintain all 
facilities, including the cost of imported water over the simulation period. 

Annual Costs 

Table XIV summarizes annual costs for construction, operation, maintenance 
imported water, and power for the duration of the simulation period. The 
repayment period is shown in the title of this table. The totals at the end 
of this table summarize the estimated total annual cost outlay over the 
indicated repayment period. 
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PROBLEM INFEASIBILITY 

The program will terminate if any solution to the network problem is 
found to be infeasible (ie., fails to satisfy all constraints). Solution 
infeasibility is generally due to one or more of the following conditions: 

. improper specifications of the desired system configuration, 

. inadequate number of spill nodes, 

. a minimum river or canal capacity that is too binding, 

an unregulated inflow occurring where there is 
outlet for the water, 

no possible 

. improper specification of the basic hydrologic and demand 
data. 

If problem infeasibility occurs then the user should examine the input
specifications and the network dump printed by the program to verify the 
accuracy of the input data. 
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AL-IV EXAMPLE PROBLEM 

The Allocation Program was executed for a typical water resources systen 
to provide a demonstration of the program's capabilities. The example systen
treated in this analysis is the San Antonio - Guadalupe River Basin in South 
Central Texas. The major existant and proposed water storage and conveyance
projects in the basin are depicted in Figure XI. The physical elements in 
this system were aggregated into an associated network representation as sho~ 
in Figure XII. 

In addition to the existing reservoirs indicated in Figure XI, this 
example operational analysis of the San Antonio - Guadalupe System included 
the Cibolo and Cuero I &II reservoirs, pipelines from Cuero to Ciboloto 
San Antonio, and a pipeline from Lake McQueeney to San Antonio. The water 
demands on the system are the projected intake requirements over the 2011-20~ 
period. The natural hydrologic inputs are derived from the critical historic 
period 1947-1957. 

Two yearly periods, each subdivided into four seasons, were spanned by 
each operational network. The critical annual terminal storage targets spec'
for the Cibolo Reservoir were provided by the output of the DPSIM Program
applied to this system (5). 
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Canyon Res. 

Edwards Aquifer Cloptin 

& 
Crossing

Res. 
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. 
. 
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\ 

'®Medina San 
Res. Antonio ~, ... __I! 

Applewhite
Res. 

V.D. Braunig­
Calavaras Creek --­

Res. 

Goliad 
Res. 

Legend: 

---►- River Channel 
-----+ Pipeline Route6 Proposed Reservoir

6 Existing Reservoir San Antonio 
Bay 

Figure XII 

Network Representation of the San Antonio -

Guadalupe River System 

52 



AL - IV 
EXAMPLE OUTPUT 





*************•********«**********
TEXAS WATER DEVELOPMENT BOARD 

ALLOCATION MODEL 
***************************************************************~ 

DETAILS OF THE PROBLEM ARE AS FOLLOwS 

1) THERE ARE 15 JUNCTIONS, OF TH~SE 

A) THE FIRST 10 ARE RESERVOIRS 
BJ THE LAST 5 ARE LINK JUNCTIONS 
CJ IMPORTED WATER ENTERS AT NODE 0 
DJ SPILLS FROM THE SYSTEM CAN OCCUR AT 1 

NODES, THESE ARE NODES 
15 

2) THERE ARE 23 LINKS,OF THESE 
<.n 
(J1 

A) THE FIRST 12 ARE RIVER REAC~ES 
BJ THE LAST 11 ARE PUMP-CANALS 

~) THERE ARE 11 YEARS IN THE PRO~LEM 
A) THE FIRST YEAR IS 1 
B) EACH YEAR HAS 4 SEASONS 
C) EACH YEARLY SOLUTION REQUIRES A 2 

YEAR NETWORK 
D) THE LAST YEAR IS 11 

Table III-A 
Tabled Printing of Input Data 



**************************************************************************** ' *************••*********•****~• 
r~OOE '1ATA, EITHER QESERVOIR OR JUNCTI~N 

**************************************************************************** ~*************~•·~••*****½****•t 

1.IPp:::Q c;rr-.11 ILJ\ TJl') t-1
NODE RES OR Jr-JC RESEVR RFSEVR RESEVR q(TURI\I RETURN DRKPT LOW::P 

'-11 N COST FLOl,J FLOW STORr-,r,E STOR.'IGE c;T()P/IGE Yi:::11r, ~Fe;
NO. NAME MAX 

SLOP ►:: c;L()'">F H'.JT LTlOOOAF 10001\F 1000$ "-!ODE S/W 10001\F 

2., .o 0 .oo 62.n .0361" .Ol.74 11 MEDINA 254.0 .(\ • 0()0'1 .nooo 12 EDWARDA 20000.0 .() .o 11 .65 
3.0 .o 0 .oo 43.n .05qc; .01c:;s 13 CANYON 386.2 

.osc;n .nrino 1 ".
4 APLE WHT 40.0 1.0 23500.0 0 .oo 40.fl 

. 085:2i .Q412 15 C!BOLO 200.0 28.0 46920.0 0 .oo 38.0 
.oo 2?0.0 .0681 .o?:>7 D

6 GOLIAD 400.0 42.0 38621.0 0 
94885.0 0 .oo 7c;o. r • 061 :2i .0273 .17 CUER02 2886.0 50.0 

0 .oo 1,0.n • 092-.. • rJ3l 1 13CUEROl 1416.0 42.0 114000 • 0 
9 CLOP CRX 147.0 3.;:> 55436.0 0 .oo 60.o .0381 .0179 n8 

.o 6 .55 13.0 • 11c;n • 01~30 1
10 CAL-VDB 88.7 55.5 

.60 .n .0000 .nooo 0
11 SEGUIN .o .o .o 8 

.n .o 10 .65 .n .ooon .oono n
12 SA !'!.-I. .o 

• I") .0000 .r)r_HlO 0.o 14 .61u, 13 cu1-cu2 • 0 • 0 
O"l 0 .no .() .ooon .nnro 0 

14 CONFLU • 0 .o .o 
(l.ooon • 00 no.o 0 .oo .n15 SA BAY • 0 .o 

Tab le III-B 

Tabled Printing of Input Data 

https://c;rr-.11


************************** ********"'****·F'+'*******·t:* "*· 
Cl'tNAL OR RTVER 

***********************************************************************************************~*•* 

LINK LINK NAPvlE 
NO. 

1 rvtED-APWT 
2 APLWT-10 
3 10-GOLAD 
4 CIB-GOLD 
5 GOL-CONF 
6 CONF-SAB 
7 CAYN-SEG 
8 SEG-CURl 
9 LX-CURl 

10 CUR2-13 
11 CURl-13 
12 13-CONFL u, 

--....J 13 MED-EDWD 
14 EDWD-CR1 
15 EDWD-SEG 
16 CUR1-CR2 
17 EOWD-SAD 
18 SEG-SAD'.-, 
19 CIB-SADM 
20 CUR2-CIB 
21 APLWT-SA 
22 CURl-CIB 
23 CUR2-CR1 

ORIGIN 
NOlE 

1 
4 

10 
c::; 

6 
14 
~ 

11 
q 
7 
R 

1~ 
1 
2 
2 
R 
?. 

1l 
5 
7 
4 
8 
7 

TERIVIINAL 
NODE 

4 
10 

6 
6 

14 
15 
11 

8 
8 

13 
13 
14 

2 
8 

11 
7 

12 
12 
12 

5 
12 

5 
8 

MAXIMUM 
FLOW 

CFS 
.o 

90000.0 
90000.0 
90000.0 
90000.0 
90000.0 
90000.0 
90000.0 
90000.0 
90000.0 
90000.0 
90000.0 

.o 

.o 

.o 
90000.0 

300.0 
100.0 
360.0 
325.0 

.o 

.o 

.o 

MH!IMU'-~ 
FLOW 

CFS 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.n 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 

100.n 
.o 
.o 
.o 
.o 
.o 

TOTA.l DYNAMH" 
PUMPING HEM) 

FT 
.() 

.n 
• f't 

. • 

" 
f1 

.().() 

.o 

.n 

.n 
• n 
• n 
.o 
• f') 

.n .() 

no.a 
500.n 
654.n 
358.n 

R6 0 n 
358.n 

.n 

SEAS0"-1/\L 
LOSS 

COEFi:-. 
.qso 
.~50 
• 0 50 
.,qso 
.950 
.950 
• 0 50 
.q50 
.gso 
.050 
.qso 
.Q50 
• 0 50 
.Q50 
.050 
• 0 50 

1.rioo 
1.noo 
1.000 
1.000 
1.noo 
1.000 
1.noo 

SHAUL/\.TI0" 
YEAq LI\'V 

RlJIL T 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
l 
1 

l 
l 
1 
t 
l 
1 
1 
1 
1 
1 
l 

Table III-C 

Tabled Printing of Input Data 



... * 
+ "' r<"'* 
-j,- * L C C C C c , C C · C C. C C • C 0 C C ' C; C · C: C C C C C 
... ... * C 1 C C C co C 0 oc 0 0 0 a 0 C • 0 0 C C' 0 0 ':) 

,j, C C C C C C C C CC. C C 0 C C c; C C C c..: C · C C 
c ·C C C. C C C C · C C C C 0 C C C 0 C , 0 0 0 C C* * 

* . . . •* • • • . • • • • • . • • • • • • . • •* * -II *.. 
*¥ 

-II· 

* 
* *~ ~ .,,, oooooooooocoooooooooooo* c.coocooocooccocococccoc* -it* -II ccoooooccoocoooooooocoo 
¥ ccccoccccccooooccccooco* C • • • • • • • • • • • • • • • • • • • • • • • 
* * •* 
* * 
* * * * 
* * cc 0 cc 0 OOOCC 00 C C · oc 0 DC co C* ..,.,.! C , C --!'*· C • C C C C C" C 0 C. C C C a C C · C C C · C · C C.* u C: 0 C C C · C: C CC· CO 00 0 c.. C · C C·C 0 oc C* * co 0 0 0 0 00000 00 0 0 0000 000 0* * • • • • • • • • • • • • • • • • • • • • • • •* * * * 
* • * 
* LL 

* * LL 
ui * 

* * 
* c- Cl*U * * 
** 

I- * * 
...... I 

......* 1./) ...... ooooooooooooooocooooooo*o 
*U 

* * * r0 coooccooocooooocoooooco Q) 

u cocooccooococococooccoo** _J * cccccacccoooooocccccccc 
,-
..0 
ct!*<r * * • • • • • • • • • • • • • • • • • • • • • • • I-

* "" * * <r * *U * *-II * * * * :r: DC· 0 00 0 00 00 000 0 000 \0 O · CJ'. C CJ', O* ....* UN 00 0 00 0 00 00 000 0 000 .-i \0 00 0 0* 1-U oc C · oc 0 00 00 C • 00 0 c ., oo II'.• t- (j. C C' 0** H OC' C co C• C · 0 oc C' 0 0 0 C O 0 .::t .::t .-I C .-I 0* 
* * * 0 . • • • • • • • • • . • • • • • • • • • . • • 
* * * * ** * * * * * * * * oc 0 coo 000 C 0 00 C 0 0 0 .-I • • • .C 

.-4 , 0 :::::ioo 0000 0 00 0 000 •.-◄::::, ::::, O:J\00* * u 00 0 000 0000 0 00 C 000 X)'.:JJt-.-lt-O* * C C C. C C C C cc C 0 CC' C, ace \OC\(;C\1 \£.'.C* 
* * * • • • • • • • • • • • • • • • • • er' .... rr· ..., "°' • 
* * 

** * * * * .-!N~±~\Ot-~~0.-IN~.::t~\Ot-ro~o.-iN~* * .-◄ .-4 .-◄ .-4 .-◄ .-4 .-4 .-4 .-4 --➔ N C\J C\I C\J* * * * * * 

58 



Tabled Printing of Input Data 

******************************************************************* 1************************ 
CONSTA NT COST DA TA 

******************************************************************* ************************* 

INT EREST RATE = 
POWER COST = 
O+M ANN DEC PCT CANAL : 

RESVR FINANCE LAG TIME= 

. 0600 

.0080 

.0010 

0 

'.i> /KW - HR 

YRS 

REPAYME NT PERIO D YRS = 

O+M ANN DEC PCT RESVR = 

COST OF IMPORT ~ATER = 

CANAL FTNANCc L~G TIME: 

?O 

.on1n 

1.0000 

0 

YR S 

$ /AF 

YPS 

u, 
\0 

1 

1.0000 

2 

1.0000 

3 

1.0000 

4 

1.0000 

5 

POWER FACTOR 

SEASONS 
6 7 8 9 10 11 12 

1 

1.0000 

2 

1.0000 

3 

1.0000 

4 

1.0000 

5 

IMPORT COEFFS 

SEASONS 
6 7 8 9 10 11 p 

1 

1.0300 

2 

1.0500 

~ 

1.0000 

4-

1.0300 

5 

LOSS COEFFS 

SEASONS 
6 

Table I11-E 

7 8 9 10 11 12 

Tabled Printing of Input Data 



_

****************~**************•k•**********'********'********** * ** * ******* * *• · *** t •~• • • •••• • • • • 
lJrH T 5 : l() iH /\G F cos T 

( $ / 1\C -FT) 

************** **** ****** ** ****** *** ***** ** ******* ******* **************~* ****** **** *•······· ·~ ·· 

SC A r:,0 ,1s 
1 ') 

1 2 ~ 4 5 6 7 ~ 9 1 0 1 1 

NOJE 
t,i O. 

1 100. 100. 1nn. 1 0 0. 
2 100. 100. 1 'ln. 10n. 
3 115. 11:>. 11 :'i. 11 i:; • 
4 40. 40. 4n. 40. 
5 40. 40. I~ n • 40. 
6 bO. 60. 60. 60. 
7 40. 40. 41). 41). 
B 105. 105. 105. 105. 
9 90. 90. gn. 9(). 

0\ 10 80. '10. ~o. 80. 
0 

11 110. 110. 110. 11n. 
12 100. 100. 1 ()f). 100. 
13 1.03. 103. irn. 103. 
14 40. 40. q.n • 40. 

n • 15 o. o. o. 

T :i hlo TTT J:" 



I u.u I'- .1. .I. .1. 1 

Tabled Printing of Input Data 

t~•"······.~;}<?\:J,... ;· 
**~"'**Jii~;i;;;;;;~;***~*****~***********. ********' 

RESERVOIR START CONTENTS 
'************************************************************** 

NOIJE 
NO. 

1 
2 
3 
4 
5 
P, 

7 
R 
9 

10 

O'I__, 

RES OR JNC 
NArv1f 

MEDINA 
EDWARDA 
CANYO~I 
APLE tJHT 
CIBOLO 
GOLIA') 
CUER02 
CUER01 
CLOP CRX 
CAL-VOA 

Table III-G 

Tabled Printing of Input Data 

PCT FULL-[)C::-CIMAL 
STRT 5T"R 

100.0000 
100.0000 
1on.oooo 

75.0000 
75.0000 
75.ooon 
75.0000 
75.0000 
75.ooon 
75.0000 



** *********************** ******************************* ******t*************** *******•*•* • ··· · ·~·· • ~· ··~······ · ····· 
RESER VJ i r ~PERA Tl NG POLI CI ~S 

**** *******************************************************************************************········~······ · ···~· 

RES. OPERATI ~-IG ST O~/\GE UJO- OF-F/\q T/\RG[ T STOP/\G[ LEV[LS 9Y Yf::AR CF R/\CTTn~ nc M~V. ST"'PJlr:;q /\LPµ/\ 
1..,,

3 I} 5 6 7 8 g 1.0 11 ,_?.
NO. OP TI Or, r! ENE I=' IT 1 2 

,_ .,., ') . n I')1 . f) I') 1 . 0 0 1 • f' 0 1 • n ,., 1.n n1.0 1. 0 0 1.00 1. 0 0 1.no 1.0 0 1. r. 0 1. 0 0 1 1 , • 0 (' 1. n n 1 • rJ n .,r '1 1. . 0 0 1.n n 1. no 1. .on 1.. "0
2 1 1 • 0 1. 0 0 1.00 1. no 1. n o 1.0 0 

1.00 J • 0 0 1. r) ,., 1.no l . 0 0 1 • n n 1 • on 1 . n n 1. n n .o n 
1 4.U 1.00 1.00 1. 8 0 1. 00 

, . '10 1 • 0 () l. '10 1 • on .n o 
4 
3 

1 1 • 0 LOO 1.00 1. (10 1.00 1.00 1 • 0 0 1 • () I) 1.no 1 . 0 P 
0 J. I.L • 1 4 • 1 n 

5 2 .o .20 .20 • 2 0 . 2 0 .20 .20 .~ ') .29 • 2?. • J 4 • 1 '+ 
1. no 1 . on 1.no 1 • on 1. 'l 0 1 • 0 '1 • r o 

1 1.0 1.00 1.00 1. 0 0 1.00 1.00 1.00 1.nn
6 1.00 1.00 1. f' 0 1.. q n 1. "f1 1. 0 ,, . on 

1 .o 1.00 1.00 1.no 1.00 1.00 1.0 0 t.n n7 
1 .o 1.0 0 1. n n 1.00 ,_.on 1. n o t. ()" 1 • 0 0 1 . f1 n . r 17

1.00 1.00 1. 0 0 1.00 1.0013 1.00 1 • no 1.0 0 1.00 1. o n .on 
1.0 1 • 00 1.00 1.00 1.00 1.00 1 • 0 0 1.0 0 1.00

9 1 1.no , • on 1. '10 1.00 .no1.on 1.00 1.00
10 1 c:;.o 1.00 1.00 1.00 1.00 1.00 1.00 

N "' 

Table III-H 

Tabled Printing of Input Data 



LINK 
1 0 0 0 0 0 
2 94 72 5n 72 72 
3 488 218 341 131 294 
4 0 0 () 0 0 
5 699 415 528 315 489 
6 763 539 321 227 462 
7 754 374 95 90 328 
8 766 3L!-2 0 0 277 
9 216 66 28 17 81 

10 0 0 0 102 25 
11 90 111 146 0 86 
12 0 0 0 0 0 
13 0 0 0 0 0 
14 0 0 0 0 0 
15 0 0 0 0 0 
16 1610 783 250 112 688 

O'I 
w 17 

18 
300 
100 

300 
100 

300 
100 

300 
100 

300 
100 

19 247 247 247 247 247 
20 0 0 33 325 89 
21 0 0 0 0 0 
22 0 0 0 0 0 
23 0 0 0 0 0 

IMP 0 0 0 0 0 

Table IV 

Seasonal and Yearly Average Link Flows 



~--~::: 

:.,C,1\5'.Jnl:\L 
SL I\ SO', 1 

A"li..J Y~/1. F~LY 
~; 
L 

A\' C::RA-;i:-
, 
J 

LINK 
4 

DOWEq COSTS l"! Tff0USl\"-lD '."'()LL/IRS - YL .Aq 1 

LI 'JK 
1 0 () f_l 0 0 
.., 
'-

I) 0 !) 0 (l 

7 
_) n 0 n n 0 

'+ 
C 
_) 

0 
0 

0 
0 

0 

0 
0 
0 

0 
0 

6 0 0 n 0 0 

7 0 0 () 0 0 
p, 0 0 0 0 0 

9 0 0 [) 0 0 

10 0 0 0 0 0 

ll 0 0 0 n 0 

12 0 0 fJ n 0 

13 0 0 f) 0 0 

14- 0 0 0 0 0 

15 0 0 0 0 0 

16 0 0 0 0 0 

17 33 33 33 33 33 

18 92 92 92 92 92 

.i:,. °' 19 
20 

29B 
0 

299 
0 

299 
21 

299 
215 

298 
5g 

21 0 0 0 0 0 

22 0 0 0 0 0 

23 0 0 0 0 0 

TOTAL PU~PING COST= 1q31 
TOTAL IMPORT COST= 0 
TOTAL PENALTY COST= 0 

TOTAL COST= 1g31 

Table V 



Seasonal and Yearly Average Link Power Costs 

2 .. 00 ., 00 ., 01 00 
3 ,. 00 ,, 00 "01 0" 
4- ., 81 ,. 82 .,133 .. 89 
5 .oo "00 .. 01 .. oo 
fi .oo .. oo .01 00 
7 -.oo -.oo -.07 -.03 
8 - .. oo - .. oo L,43 L,43 
9 - .. oo ., 00 -000 .oo 

10 .oo - .. oo - .. oo .oo 
11 -.oo -.oo - .. oo .oo 
12 .18 .18 .17 .. 18 
13 -.02 - .. 02 - .. 02 -.01 
14 .36 .36 .. 36 .. 36 
15 .. 36 .36 -1 .. 07 -1 .. 07 
16 - .. oo .. 00 .oo - .. oo 
17 -L37 -1..38 -1.40 -1.45 
18 -.92 -.93 .49 ., 44 
19 .oo .oo - .. oo -.oo 

(J"1 °' 20 .. 03 .. 02 ., 00 - .. 05 
21 -L85 -1 .. 87 -1 .. 86 -1 .. 93 
22 .03 .02 .oo - .. 05 
23 .oo - .. oo -.oo .oo 

Table VI 

nal Costs for Link Constraints 



'.:-. f:A SO"l /\l /\ NJ YEA~ L Y A. 'JFY./\ ;r F-<:S~:k 1/0H< ST ~ ~ ,'\ GE:. L E ' I F LS !"4 T HOU:, !.\"lr:l '\ CRC:-J:" [-:-....- - v r::r,. r-

SE. tl SO :J 1 2 3 4 
RE S . 

1 253 249 24l 2 38 24'; 

2 
3 

199 43 
.3£36 

19884 
3 B6 

1 (}8 2 5 
37 0 

1. 0 7 63 
3b 7 

198~'1 
:H P, 

4 n 0 () () 0 
,-
:) 121 92 50 6:3 Hl 
6 0 0 () 0 0 

7 2453 2573 24GB 2 345 2459 

8 0 0 0 0 0 

9 0 0 f) n f) 

10 5fi 89 61 [39 73 

SEA~ONAL JUI...JC TI ON OC:F IC I TS L~ THO 1JSA W)S OF ACRE-FEET YEAR- l 

SEASON 1 2 3 4 
RES. 

O"I 
O"I 

Table VII 



3 
4 
5 
6 
7 
8 
9 

10 

0) 
-....J 

,. 00 .. 00 
-.oo -7.54 

.07 -.17 
-.04 -.10 

.04 -.09 
-.oo • OD 
-.oo .oo 
-.no .oo 

.05 -.13 

Seasonal and Yearly Average Reservoir Storage 

., 00 
- .. 2 :i 

., 10 .oo 
-.27 -.15 

e06 00 
@00 .oo 
,, 00 -.on 

-.oo -.oo 
.oe -~.oo 

Table VIII 

Costs for Reservoir Constraints 



~,:::AS:)' 11\ L ; ,_ IA;_ VA LU':S F" :-< T •1 [ f":0~·!TPiUI Y CO !·JSHUiT NTc-; p , n ou_ti.RS P t::r. ~C '.,~- -Fr,,, T - v ':.r,r. 

SL :\ SO J 1 2 j 4 

NO ,":: F. 
1 
? 

1. t1 7 
2.on 

1. en 
2 . 0 0 

1. Jo 
2 . 00 

1 o ':;) CJ 

? . lJn 
~') .oo .oo 7. 5:.+ '7.77 

4 -.92 -. 99 -.Jl -.92 
cc 
J 3.53 3.57 3. 6 7 ~. g q 

6 -.96 -.99 -.9<) -. 96 
7 .oo .on .on .oo 
R .oo .oo .oo .on 
9 .on .oo .oo .oo 

1 0 -.94 -.99 -.86 -.94 
11 .oo .oo 7.94 7.Y4 
12 10.22 10.26 10.36 1n.64 
13 .oo .oo .oo .oo 
11+ -.98 -1.00 -.95 -.98 
15 -1.00 -1.00 -1.00 -1.00 

CTI 
co 



Table IX 

Marginal Costs for Continuity Constraints 

0) 
I.O 

Table X 

Seasonal and Yearly Average Spills 



•v1/\Xli"iU"1 LI'IK FLOwS I'.'J CFS - Yt:AR 1 
Fl () lo,/L PJKFL 0 \"1LPJK 

n 2 O L~
1 

r'\ 
3 4 /J~ ti 

7 r ~ 
!') .,·r

::.) 69q 6 
7r:.,,e-.751.i '17 

1n 1 :'.);-'9 21 IS 
11 146 12 ') 

0 14 ()
13 

() 16 1n1ri15 
lB ton3 no17 3':> r:;

19 247 20 
()n 22 21 

23 0 

-...J 
0 

Table XI 



Maximum Link Flows 

RESERVOIRS CONDUITS TMPODTS POWER DEl='TCITc; Tf"\TAL 
YEAR CAPITAL 0 A~~D M CAPITAL 0 ANU M 

1 141805. 142. 207421. 207. o. n. 3S1:ifl7.1°31. 
2 141805. 2.q4. 207421. 415. o. 4230. n. 3c:;II1ss. 
3 141805. 425. 207421. 622. o. 6457. 0 • 3CC:.(:..,73 l. 
4 141805. 567. 207421. 830. o. 905?. (1 • 3r.;o67ci. 
5 141805. 1oq. 207421. 1037. o. 11653. n • 36?6?5. 
6 141805. 851. 207421. 1245. o. 14~53. n. 3F,C::675. 
7 141805. 993. 207421. 1452. o. 17261. n. 369932. 
8 141805. ll 14 • .20742 t. 1659. o. 20229 0 (I • 37"24H. 
9 141805. 1276. 207421. 1867. o. 23255. n. 37c:;f:,24. 

10 141805. 141R. 207421. 2074. o. 26?94. 482. 37n495. 
11 141805. 1560. 207421. 228?. o. 28873. 1132. 3A~fJ73o 

'-I__, 

Tab1 e XII 

Total Costs at the End of the Simulation 



·Y[ AH 
1 
2 
3 
ti 

5 
6 
7 
8 
9 

10 
11 

'-J 
N 

Ph: f=::Sc. ' ,T Vc; L' w:; 

'~1:S[f~ VO IRS 
CM'ITAL 0 A·n ;Ill 

141 3n c;. 1 /~2 . 
l4l ti(' "). ~7(,. 
l4HHJ S. 4 '1?. 

· 141B OS. s2 1. 
141 80 '1. 63~. 
141 50 5. 73q . 
14 U Hl 5. H.V~. 

141 5G c:;. 93:,;. 
141 80 5. 1022. 
1418 n 5. 11()6. 
l4l !JJ 5. 11 ~6. 

1 '·' TIJ1JJSJ\ J[· 

c:o ·Jr'IJ ITS 
C/\rITAL 0 
2n14 ;~1. 
?()74 2 1. 
2074?1. 
2074?1. 
2071.~?1. 
2074?1. 
2074 2 1. 
2074"-1· 
?n74?1. • 
~'17421. 
207421. 

10LL', i<'.C. ( 

A:U :✓; 

20 7. 
401. 
'J n.,, . 
7 62 . 
Y26 • 

10 8 1 • 
12 2 7. 
L)oS. 
1495. 
1611. 
1734. 

1qnn nt1s[) 

I ~m o :-:::TS 

n • 
o. 
n. 
o. 
o. 
n. 
o. 
0. 
o. 
o. 
o. 

Pn 1<JF.:r.> 

1 Q"%, ! . 
4tOn. 
r,()f\ '.) • 

'3?61. 
1 0321. 
1?~3". 
147-R"'l. 
16~6?. 
1 ~?61. 
2onnn. 
21c:;on. 

t) r-r TC I T C::. T - ... ,', I 

·\:. 1 C" ,, : n • 
-~, r. I I () (\t--~ •n • 
-i. e.. C.\?0 ::1 .n • 
~, ·.q 77n.n • 

n • , r. 1 l n 7. 

n. >r, 7 3r t~• • 

n. , i;. r.: r, ,, 1. • 
,J -.n_ ,:,-7 •n • 

() . :,71'\f")[')•, . 
? R c:; • )'""? 0 ;~ . 

f,1! p. .~7f•. ;> ~~! . 

Table XIII 



Present Values of the Total Costs 

DFr::-TCITS TflTAL 
ITAL 0 

12363. 12. 18094. 18. o. 16R. n. 7.flU!-6. 
2 12363. 24. 180-84. 35. o. 357. n. "l;()P,64. 

3 12363. 35. 18084. 51. o. 530. n. Cl\ 1. 0 6 1t. 

4 12363. 45. 18084. 66. o. 720. n. ~1279. 
5 12363. 55. 18084. 81. o. 900. n. ~1483. 
6 12363. 64. 180F~4. 94. o. 1076. n. ~1682. 
7 12363. 73. 18084. 107. o. 1254. n. ~1882. 
8 12363. !31. 18084. 119. o. 142fi. n. 3?074. 
9 12363. 9q. 180A4. 13n. o. 1592. n. 3?259. 

10 12363. 96. 180~4. 141. o. 1749. 25. ~"458. 
11 12363. 10~. 18084. 151. o. 1R74 0 57. 3"633. 

---i 
w 

Table XIV 

Annual Costs 
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C •T>IIS rs THE 'IAIN PROGRA•I FOR SOLVING THE ALLOCA-
c HON PROBLEM. ALL SUBROUTINES ME CALLED FROM IT• THE 
C qfSULTS ARE THE LEAST COSTLY WAY TO OPERATE A SYSTEM 
C oe- RESERVOIRS AND CANALS To 'SEET A GIVEN SET OF 
C DFMANDS. 
C*********************************************************************** 

CO"MDN /NDATA/ NSOLVE,LSOLVE,NYEAR,NS,SCAP,NI,NREAO,MAXYR 
COMMON /SOATA/ NJ,NRES,NJUNC,NL,NC,NR,NYR,NSEAS,!YEAR,IOATE,JMP,IN 
CO~MON /JDATA/ RNAME(30,2l,RCAP(30!,RETSW(30),CRES(30l,RMIN(30l,NL 

l!NK(30,8l,FSTAPT(30J,OL0!30) 
COMMON /LDATA/ CNAME(4?,2l,CLINK!2,45,3J,CCAP(45J,CPU~P(45J,C"IN(4 

15l,CLIFT(45l,EL(45l,LNOOE(45,2) 
COMMON /ADATA/ NF(3600),NT(3600),COST(l800l,AMP(1800),FLOWl1A001,H

11(1800),LDWER(1800l,ARCS 
COMMON /MOATA/ XX(l2!,ELF(12J,XIMP,KSPILL 
COMMON /MISC/ ~MIN,AO~LT,NDELT 
COMMON /V/ SOIJRCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODEs,IFS, 

l!ROOT,EPS,R!G,NDEG,NLOP,SICH,ITER,NPRIT,TIMAX,TIME,IPRINT 
REAL LOWER 
INTEGER ARCS,SOURCE,SINK 

C*********************************************************************** 
C RFAil SYSTEM INPUT DATA FROM CARDS 
C*********************************************************************** 

CALL INPUT 
IFIG=l 
NREAO=l 

C*********************************************************************** 

"' 

C SOLVE THE ALLOCATION PROBLEM. 
C FIRST co~STRUCT A NETWORK OF 
C NSOLVE YEARS. THEN PROCEED 
C THROUGH TIME RY ADDING A YEAR 
C TO AND DROPPING A YEAR FROM THE 
C 'lETwORK AND SOLVING THE NETWORK 
C PROOLE4. EACH SOLUTION PROVIDES 
C THE RESULTS FOR THE FIRST YEAR 
C IN THE NETWORK. THIS YEAR WILL 

"' C 9F DROPPED FR0'-1 THE NETWORK IN 
C THE NEXT SOLUTION. 
C*********************************************************************** 

DO 60 !YEAR=NRF.AO,NYEAR 
CALL ARC 
IF (NSOLVE.GT.TYEARJ GO TO 60 
CALL GAIN 

20 CALL OUTPUT 
C*********************************************************************** 
C l'ITTIATE RESTART PROCEDURE FOR NETWORK MOflEL 
C IF RESERVOIR STORAGE SEGMENTATION CONSTRAINTS 
C ARE VIOLA TED 
C*********************************************************************** 

IF (Tl4AX-l.) 50,30,30 
30 00 40 I=l,ARCS 
40 FLOW!Il=O. 

CALL GAIN 
GO TO 20 

50 CALL PREPAR 
CALL APRl'.H 
CALL ADJUST 
CALL SHIFT 

60 CONTINUE 
IF (NSOLVE.EO.!) GO TO 80 
DO 70 ISOLVE=?.,NSOLVE 
IYEAR=NYEAR-l+ISOLVE 
CALL PREPAR 
CALL APRHH 
CALL SHIFT 

70 CONTINUE 
80 CONTINUE 
c*********************************************************************** 
C CALCULATE COSTS AND PRHIT 
C A'lNUAL SU~MARIES, 
C*********************************************************************** 

CALL COSTX 
CALL SPRINT 
STOP 
END 

SURROUTINE ADJUST 
C*********************************************************************** 
C THIS SUBROUTINE FINDS THE ADJUSTMENTS THAT MUST 
C 8• MADE IN THE LOWER AND UPPER BOUNDS OF THE NET 
C 'lALANCE ARCS WHEN A SOLUTIO"l HAS BEEN FOUND FOR 
C O'lE YEAR.THIS YEAR IS THEN DROPPED FROM THE 
C ~h~K 
C*********************************************************************** 

COMMON /NDATA/ NSOLVE,LSOLVE,NYEAR,NS,SCAP,NI,NREAO,MAXYR 
COMMON /SOATA/ NJ,NRES,NJUNC,NL,NC,NR,NYR,NSEAS,!YEAR,IOATE,IMP,IN 
COMMON /AOATA/ NF ( 3600 J ,NT ( 3600) ,COST( 1800) ,AMP(lBOO) ,FLOW( 18001 ,H 

ll(l800J,LOWER(1800l,ARCS 
COMMON /MISC/ AMIN,AOELT,NDELT 
COMMON /ADJST/ !ADJ,SADJ,MAOJ,OAOJ,IDROP,JDROP,MOROP,SDROP,lSTORE, 

lISAOJ 
INTEGER A,AA,A~IN,AIMIN,ARM!N,ASMIN,OADJ,SAOJ,ARCS 
INTEGER SDROP,AB 
REAL LOWER 

C*********************************************************************** 
C INITIALIZE VARIABLES 
C*********************************************************************** 

IADJ=O 
MAOJ=O 
OADJ=O 
!SADJ=O 
SADJ=O 
IOROP=O 
JDROP=O 
>1DROP=O 
SDROP=O 

C*********************************************************************** 
C •lAIN COMPUTATIONAL LOOP 
C•********************************************************************** 

DO 40 I=l,>JSEAS 
AIMIN=AMIN+(l-ll•(NJ+1+2oNRES+NL+NS+HJ)
ARMIN=AIMIN+NJ+l 
ASMIN:ARMIN+2•NRES+NL+NS 

C********************************•************************************** 
C CALCULATE ADJUSTMENTS FOR THE BOUNDS ON THE 
C •JET INPUT AND DEMAND ARCS 
C*********************************************************************** 

DO 20 J=l,NJ 
A=AIMIN+J 
OADJ=DADJ+HI(A) 
JDROP=JO"OP+FLOW(Al 

20 CONTINUE 
A=AR~I'l 
MAOJ=.'IADJ+HI ( A) 
MDROP='-1DROP+FLOW (A) 

C*********************************************************************** 
C CALCULATE ADJUSTMENTS FOR THE UPPER BOUND ON 
C THE NET SPILL ARC 
C*********************************************************************** 

iJO 30 J=l,NJ 
A=AS\l!N+J 
IADJ=IAOJ+Hl(Al 

30 CONTINUE 
40 CONTINUE 
C*********************************************************************** 
C CALCULATE ADJUSTMENTS IN THE INITIAL STORAGE ARCS 
C*********************************************************************** 

ISTORE=O 
00 50 J=l,NRES 
A=J+6 
AA=J+ARMIN 
AB=AA+'lRES 
LOWER(Al=FLOWCAAJ•AMP(AA)+FLOWIAB)•AMP(ABJ 
Hl(Al=LOl'IER(Al 
FLOW(Al=HI(AJ
ISTORE=ISTORE+FLOW!A) 

50 CONTINUE 
IDROP=IADJ 
RETURN 
END 

https://NSOLVE.EO


SUBROUTINE AOSUB Cl,!!) 
C*********************************************************************** 
C SUBROUTINE TO ADD AN ARC TO THE TRIPLE LABEL 
C REPRESEN TATI ON OF THE FLOW AUGMENTING TREE, 
C*********************************************************************** 

COMMON /ADATA/ IARCC360 0),JARCC3600),COSTC1800),AMPC1800l,FLOWl1 80 
!O),UPPERl1 800),LOWERC1800 l, ARCS 

cOMMON /XDATA/ VC500),8ARCC500l,RARCC500l,FARCC500l,DISSET(5QOl,GA 
lNC500l,lCHK( 500l, LI ST C500l 

COMMON /V/ SOURCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODEs,IFS, 
l!ROOT,EPS,RIG, NDEG,NLOP,SICH,I TER, NPRI T,TI MAX, TI ME,IPRINT 

INTEGER SOURCE,SINK,BARC,FARC,RARC,DISSET 
lNTEGER ARCS 
REAL LOWER 
EXTERNAL FLMXC,AMPF,COSTF 

C•********************************************************************** 
C ADDS ARC I TO THE LI ST OF SUBSEQU ENT ARCS TO NOOE II, 
C••********************************************************************* 

IF CFARCC!ll,NE,Ol GO TO 20 
FARCCIIl=I 
GO TO 50 

20 CONTINUE 
MM =FARC(!Il 

30 CONTINUE 
MN=JARCCM'll 
IF CRA RC CMNl , NE , Ol GO TO 40 
RARCC~Nl=I 
G•J TO 50 

40 CONTINUE 
MM-=RARC(MN} 
GO TO 30 

50 CONTINUE 
RETURN 
END 

....... 
CX) 

FUNCTION AMPF Cl) 
C*********************************************************************** 
C THIS FUNCTION COMPUTES THE AMPLITUDE !GAIN) OF 
C ARC I 
C*********************************************************************** 

COMMON /ADATA/ IARC(3600),JARC(3600),COSTCIB00l,AMP(lAOOl,FLow<lBO 
10),UPPERllBOOl,LOWERCIBOOl,ARCS 

CO MMON /XDATA/ VC500),BARCC500l,RARCC500l,FARC(500),DlSSETC50Ql,GA 
1NC500),ICHKC500l,LISTl500l 

COMMON /V/ SOURCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODES,IFS, 
l!ROOT,EPS,AIG,NDEG,NLOP,SICH,ITER,NPRIT,TIMAX,TIME,IPRINT 

INTEGER ARCS 
INTEGER SOURCE,SINK,BARC,FARC,RARC,OISSET 
REAL LOWER 
IF CI,GT,NARC) GO TO 20 
AMPF=AMPC!l 
RETURN 

20 CONTINUE 
AMPF=l,/AMPCI-NARC) 
RETURN 
END 



\:->:,-,//''~,t:,:,i ?r:--t>:';F/;::tr \-~:\'',' 1t> :,;,:: 
********,t;*:·/~¥¥:i••,;~************~'***********************

THIS SUBROUTINE PRINTS THE ANNUAL SUMMARIES OF THE 
LINK FLOWS, POWER COSTS AND DUAL VALUES,THE 
RESERVOIR STORAGE LEVELS AND DUAL VALUES,AND THr 
DUAL VALUES FOR THE CONTINUITY EQUATIONS 

C*********************************************************************** 
COMMON /NDATA/ NSOLVE,LSOLVE,NYEAR,NS,SCAP,NI,NREAD,MAXYR 
COMMON /SDATA/ NJ,NRES,NJUNC,NL,NC,NR,NYR,NSEAS,IYEAR,IDATE,IMP,IN 
COMMON /RDATA/ JS(l0),JBLT(30),LBLT(45) 
COMMON /APRNT/ APOW(50),AIMP(50),QM(45l,ISHORT(50),ICOST(50l 
COMMON /PRT/ IPRNT(45l 
COMMON LG(13,45),LP(13,45l,LC(12,45),RS(13•30l,RC(12,30J,CC(l2•30) 

1,JQ(13,10l,IDEF(13•30l,IMPCC50l,ITOT(50J 
INTEGER AIMP,RS,QM 
INTEGER APOW 
REAL LC 
IL:NL+l 
M:NSEAS+l 
IYR:IYEAR-NSOLVE+l 

20 FORMAT C1Hl,5X,45HSEASONAL AND YEARLY AVERAGE LINK FLOWS IN CFS,8H 
l - YEAR ,I4l 

30 FORMAT (1Hl•5X,45HSEASONAL AND YEARLY AVERAGE LINK POWER COSTS •27 
lHIN THOUSAND DOLLARS - YEAR ,I4) 

40 FORMAT (1Hl,5X,45HSEASONAL DUAL VALUES FOR THE LINK CONSTRAINTS,36 
lH IN THOUSAND OOLLARS PER CFS - YEAR ,I4l 

50 FORMAT (1Hl,5X,45HSEASONAL AND YEARLY AVERAGE RESERVOIR STORAGE,37 
lH LEVELS IN THOUSAND ACRE-FEET - YEAR •I4l 

60 FORMAT (1Hl,5X,4~HSEASONAL DUAL VALUES FOR THE RESERVOIR CONSTR,38 
lHAINTS IN DOLLARS PER ACRE-FOOT - YEAR ,I4l 

70 FORMAT (1Hl,5X,45HSEA50NAL DUAL VALUES FOR THE CONTINUIY CONSTR,38 
lHAINTS IN DOLLARS PER ACRE-FOOT - YEAR ,I4l 

80 FORMAT (1Hl,5X,44HSEA50NAL AND YEARLY AVERAGE SPILLS FROM THE •37H 
lSYSTEM HJ THOUSAND ACRE-FEET - YEAR ,I4) 

90 FORMAT (1H1,5X,33HMAXIMUM LINK FLOWS IN CFS - YEAR ,I2) 
100 FORMAT (17X,4HLINK•l6X,4HFLOW,17X,4HLINK,16X,4HFLOW//(4I20ll 
110 FORMAT (7H SEASON,I4,11I8,4X,4HYEARl 
120 FORMAT (7H SEASON,I4,11I8l 

--..J 130 FORMAT (5H LINK) 
I.O 140 FORMAT (5H RES.) 

150 FORMAT (5H NODE) 
160 FORMAT (4H IMP,1318) 
170 FORMAT (lH 13,13!8) 
180 FORMAT (lH I3,13F8,2l 
C*********************************************************************** 
C PRINT SEASONAL AND YEARLY 
C AVERAGE LINK FLOWS. 
C*********************************************************************** 

IF (IPRNT(IYR),EQ,3) RETURN 
WRITE (6,20) IYR 
WRITE (6,110) (I,I=l,NSEAS) 
WRITE (6,130) 
DO 190 L=l,NL 
WRITE (6,170) L,(LGCI,L),I:1,Ml 

190 CONTINUE 
WRITE (6,160) (LGCI,ILl,I=l,NSEAS),AIMP(IYR) 

c*********************************************************************** 
C PRINT SEASONAL AND YEARLY 
C AVERAGE LINK POWER COSTS. 
C*********************************************************************** 

WRITE (6,30) IYR 
WRITE (6,110) (I,I=l,NSEASl 
WRITE (6,130) 
DO 200 L:1,NL 
WRITE (6,170) L,(LP(I,L),I:1,Ml 

200 CONTINUE 
WRITE (6,210) APOWCIYRl,IMPC(IYR),ICOSTCIYR).,ITOT(!YR) 

210 FORMAT (//22H TOTAL PUMPING COST: ,I12,/22H TOTAL IMPORT COST: 
l,Il2,/22H TOTAL PENALTY COST: ,Il2,//22H TOTAL COST: ,!1 
22) . 

C*********************************************************************** 
C PRINT SEASONAL DUAL VALUES FOR 
C THE LINK CONSTRAINTS, THESE ARE 
C THE COST OF MOVING ONE MORE TAF 
C THROUGH THE LINK. 
C*********************************************************************** 

;,:,>)/,;<?~:: :)?\?, 
IF, (lPRNHIYR} .EQ.2) 
WRITE (6,40) IYR 
WRITE (6,120) <I,I:1,NSEASl 
WRITE (6'130) 
DO 220 L:1,NL 
WRITE (6,180) L,<LCCI,Ll,I=l,NSEAS) 

220 CONTINUE 
230 CONTINUE 
C*********************************************************************** 
C PR INT SEASONAL AND YEARLY AVERAGE 
C RESERVOIR STORAGE LEVELS. 
C*********************************************************************** 

WRITE (6,50) !YR 
WRITE (6,110) (I,I:1,NSEAS) 
WRITE (6,140) 
DO 240 J:1,NRES 
WRITE (6,170) J,CRSCI,JJ,I:1,Ml 

240 CONTINUE 
C*********************************************************************** 
C PRINT SEASONAL JUNCTION DEFICITS 
C*********************************************************************** 

WRITE (6,260) IYR 
WRITE (6,120) (I,1=1,NSEAS) 
WRITE (6,140) 
JJ:NSEAS+l 
DO 250 J:l,NJ 
IF CIDEF(JJ,Jl.EQ,O) GO TO 250 
WRITE (6,170) J,CIDEFCI,J),I:1,NSEAS) 

250 CONTINUE 
260 FORMAT (///,5X,45H SEASONAL JUNCTION DEFICITS IN THOUSANDS OF A,17 

lHCRE-FEET YEAR-,14) 
C*********************************************************************** 
C PRINT SEASONAL DUAL VALUES FOR 
C THE RESERVOIR CONSTRAINTS. THESE 
C REPRESENT THE COST OF ONE MORE 
C AF OF STORAGE, 
C*********************************************************************** 

IF (IPRNT(IYR).EQ,2) GO TO 290 
WRITE (6,60) IYR 
WRITE (6,120) CI,I:1,NSEASl 
WRITE (6,140) 
DO 270 J:l,NRES 
WRITE (6,180) J,(RCCJ,JJ,I:1,NSEASl 

270 CONTINUE 
C*********************************************************************** 
C PRINT SEASONAL DUAL VALUES FOR 
C THE CONTINUITY CONSTRAINTS. 
C THESE REPRESENT THE COST OF 
C PUMPING ONE MORE AF TO THE NODE. 
C*********************************************************************** 

WRITE (6,70) IYR 
WRITE (6,120) CI,I:1,NSEAS) 
WRITE (6,150) 
DO 280 J:l,NJ 
WRITE (6,180) J,(CCCI,JJ,I:1,NSEAS) 

280 CONTINUE 
290 CONTINUE 
C*********************************************************************** 
C PRINT SEASONAL AND YEARLY AVERAGE 
C SPILLS FROM THE SYSTEM. 
C*********************************************************************** 

WRITE (6,80) IYR 
WRITE (6,110) (Id=l,NSEASl 
WRITE (6,150) 
DO 300 J:1,NS 
WRITE (6,170) JS(Jl, (JQ(I,Jl .I=l,Ml 

300 CONTINUE 
C*********************************************************************** 
C WRITE MAXIMUM LINK FLOWS 
C*********************************************************************** 

WRITE (6,90) IYR 
WRITE (6,100) <L,GM(Ll ,L:1,NLI 
RETURN 
END 



SUBROUTINE ARC 
C*********************************************************************** 
C THIS SUBROUTINE CONVERTS THE INPUT DATA INTO 
C ARC DATA AS REQUIRED BY SUBROUTINE GAIN, 
C THESE DATA ARE 
C 1l ORIGIN NODE = NFC A J 
C 21 DESTINATION NODE : NT{AJ 
C 31 LOWER BOUND ON FLOW= LO{AJ 
C 41 UPPER BOUND ON FLOW= HI{AJ 
C 5 l UNIT COST OF FLOW = COST ( AJ 
C 61 GAIN FACTOR = AMP{AJ 

C••*********************************************************************
COMMON /NDATA/ NSOLVE,LSOLVE,NYEAR,NS,SCAP,NI,NREAD,MAXYR 
COMMON /SDATA/ NJ,NRES,NJUNC,NL,NC,NR,NYR,NSEAS,IYEAR,IDATE•IMP,IN 
COMMON /JDATA/ RNAME(30,2J,RCAP(30l,RETSWC30J,CRESC30l,RMIN{30J,NL 

1INKC30J,FSTARTC30l,DL0{30J 
COMMON /LDATA/ CNAME(45,2l,CLINKC2,45,3J,CCAPC45J,CPUMP(45l,CMIN{4 

15l,CLIFT(45l,EL(45l,LNODEC45,2J 
COMMON /ADATA/ NF(3600J,NT(3600l,COST(l800l,AMP(l800J,FLOW(lS00l,H 

lI(l8qOl,LO(l800l,ARCS 
COMMON /MDATA/ XX(l2l,ELFC12l,XIMP,KSPILL 
COMMON /PRT/ IPRNT(45l 
COMMON /RDATA/ JS(10),JBLTC30J,LBLT(45} 
COMMON /CDATA/ PERINT,NPAY,POWR,RESONM,CONONM,CIMP,LAGR,LAGC,POWFA 

1CC12l 
COMMON /SHORTS/ BND(30l,CST(l2•30),ACOC30,2l,TFAC(13,30J,TCST(30J, 

1IOPT(30J,ALPC30l 
COMMON /MISC/ AMIN,AOELT,NDELT 
COMMON /ADJST/ IADJ,SADJ,MADJ,DADJ,IDROP,JDROP,MDROP,SDROP,ISTORE, 

l!SADJ 
COMMON /XDATA/ PICSOOl,BARC(S00),RARC{500l,FARC(SOOl,DISSET{500l,G 

1AN(500J,ICHKC500l,LIST(500l
COMMON /V/ SOURCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODES,IFS, 

lIROOT,EPS,BIG,NDEG,NLOP,SICH,ITER,NPRIT,TIMAX,TIME,IPRINT 
COMMON D(12,30l,UC30,12l,E(l2•30) 
DIMENSION STAR(30J 
INTEGER AMIN,AI MIN,ARMIN,ALMIN,ASMIN•ADELT,SADJ,DADJ 
INTEGER DEMAND,SPILL,SCAP,ARCS,A,AA,SDROP,DSHORT 
INTEGER AB,AC,SOURCE,SINK 

0 REAL LO 
co 

C*********************************************************************** 
C INITIALIZE VARIABLES 
C••******************************•••••••••****************************** 

!DUM:!YEAR 
KIN:5 
KOUT=6 
IF (IDUM,GE,NSOLVEl GO TO 20 
ISOLVE=IDUM 
GO TO 30 

20 ISOLVE=NSOLVE 
30 CONTINUE 

NI=ISOLVE•NSEAS 
ARCS:NRES+NI•CNJ+1+2•NRES+NL+NS+NJ)+6 
IF CARCS,GT,1800) GO TO 40 
NODES:NI•NJ+7 
IF CNODES,GT,500) GO TO 40 
GO TO 60 

40 WRITE (KOUT,50) ARCS,NODES 
50 FORMAT (lOX,71HTHE PROBLEM FORMULATION HAS EITHER MORE THAN 1800 

l ARCS OR 500 NODES//20X,17HNUMBER OF ARCS= ,I5,5X,19H NUMBER OF 
2 NODES = ,I 5// l 

STOP 
CONTINUE 
FSTORE:O 
IF CIYEAR,GT,NREADl GO TO 100 
NN=NSOLVE•NSEAS 
AMIN=NRES+6 
ADELT:NSEAS•CNJ+l+2•NRES+NL+NS+NJ) 
NDELT:NSEAS • NJ 
ISTORE=O 
INPUT:0 
DEMAND:O 
DSHORT=O 

IMPORT=O 
SPILL:O 
IADJ:O 
DADJ=O 
MADJ:O 
SADJ:O 
!DROP:O 
JDROP:0 
MDROP:O 
SDROP:O 
SUBS=l2,/NSEAS 
EFF=,8 
CPUMPC1):{30,2*24,0*62,4*,75•POWR)/(EFF•SS0,l/1000,
DO 70 J:l,NL 

70 CPUMP(J):CPUMPCll 
C••********************************************************************* 
C GENERATE DATA FOR INITIAL STORAGE ARCS 
C••********************************************************************* 

DO 90 J:l,NRES 
A=J+6 
NFCA):l 
NT(A):J+7
LOCA):O 
HI(A):O 
AMP(Al=l, 
COST<Al=O, 
IF (JBLT(Jl,GT,IYEARl GO TO 80 
LOCA):FSTART(Jl•RCAP(J)/100, 
HICAl:LO(Al 

80 ISTORE:ISTORE+HI(Al 
90 CONTINUE 
100 CONTINUE 

DO 110 J=l,ARCS 
110 FLOW(JJ:O 
C••********************************************************************* 
C READ NATURALIZED INFLOWS, PROJECTED DEMANDS, 
C AND NET EVAPORATION RATES 
C - INPUT FILES R,S,T 
C••********************************************************************* 

DO 120 J=l,NJ 
120 READ (KIN,150) (UCJ,I>,I=l,12l

DO 130 J:1,NJ 
130 READ (KIN,150) (D(I,Jl,l=l,12) 

DO 140 J:1,NRES 
140 READ {KlN,150) CE(l,Jl,I=l,12) 
150 FORMAT (20X,12F5,0) 
C••********************************************************************* 
C GENERATE DATA FOR INPUT• DEMAND, AND IMPORT ARCS 
C••********************************************************************* 

DO 410 ISEAS:1,NSEAS 
I=<ISOLVE-ll•~SEAS+ISEAS 
AIMIN:AMIN+(I-l)•CNJ+l+2•NRES+NL+NS+NJ) 
ARMIN:AIMIN+NJ+l 
ALMIN=ARMIN+2•NRES 
ASMIN:ALMIN+NL 
ASMINS:ASMIN+NS 
DO 190 J:1,NJ 
A=AIMIN+J 
INPUT:INPUT+U(J,ISEAS)
HI(A):D(ISEAS,J) 
LO(A):DLO(Jl•HI{Al 
IF<LO(A},GT,HI(AllLOCAJ:HI<Al 
AMP(Al=RETSW(Jl 
IF (AMP(A)) 160'160,170 

160 AMPCAl=l, 
170 NFCA):7+(I-ll•NJ+J 

NTCA):7+(I-ll•NJ+NLINKCJ) 
IF(NLINK(Jl,EQ,O)NT(Al=3 
LO(Al=O 
DEMAND=DEMAND+HI(Al 
COST(Al=-CST(ISEAS,J) 

190 CONTINUE 

60 



'i~";t1iiitifrt,th J<>}~ 2<10 
L'ol.(Ji::lll(A)' , , • ' ' 
HIIAB)=RCAPIJl•(l,-BHl/AMP(ABl 
!F(TF*RCAP(Jl,8T.RMINIJJ)LOIABl:RCAPIJl•ITF-BN)/AMR(A~)
COSTIAB)=-TCSTIJ)
GO TO 300 

AMPCAJ=l. 
IMPORT=IMPORT+HI(Al 

C*******************~*************************************************** 
C GENERATE OATA FOR RESERVOIR STORAGE ARCS 
C******************************************************************t**** 

NYSTR:NYEAR 
INCRM:-1 
DO 220 J=l,NRES 
STAR(J) = 0, 
IF (!OPT(J),EQ,lJ GO TO 220 
AP=ALP(J) 
IF (AP) 220•2~0,200 

200 CONTINUE 
APl=.1,-AP 
SUMT=O 
DO 210 IJ=NYSTR.XYEAR,INCRM 
II=IJ 
IFCIJ,GT,13)Il=13 

210 SUMT=CTFACCII,J)+SUMTl/APl-TFAC(!!,Jl
STAR(Jl=SUMT 

220 CONTINUE 
DO 330 J=t,NRES 
JF=J 
A=ARMIN+J 
NF(Al=7+(I-ll•NJ+JF 
NTCA):NF(A)+NJ 
LOCAl=O 
HICA>=O 
COST(Al=O, 
AB=ARMIN+tlRES+J 
NF(A □ l=NFCA) 
NT(ABl=fH(A)0:,...... LOCABl=Ll 
Hl(ABl=O 
COSTCABl=O, 
AMP(Al=l,-(E(ISEAS,J)oACO(J,I)) 
AMP(ABl=l,-IE(ISEAS,Jl•ACO(J,2)) 
IF IJBLT(J),GT,IYEAR) GO TO 300 
SLOW=AMINl(RMIN(J),BN □ (J)) 

LOIAl=SLOd/A~P(AJ 
IFIRMIN(J),GT,nNOIJ))L0(A9l=CRMINIJ)-BND(Jl)/A4P(Al 
IYX=IYEAR-JBLTIJ)+l 
!FCIYX,GT,13)IYX=13 
TF=TFACCIYX,Jl+STARCJ) 
IFITF,GT,1,)TF=l,
!F(TFoRCAP(Jl,LT,RMIN(J))TF=RM!N(J)/RCAP(J) 
BN=BNO(J)/PCAP(J) 
IF C!OPT(Jl-1) 300,230,260 

C********************~***********~*********************************>-**** 
C RESERVOIR OPERATING RULE - OPTION l 
c******************~***********************************************~**** 
230 HI(Al=BNO(J)/ft~P(A) 

IF (!SEAS-NSEAS) 250,2,0,240 
2•0 IFITF,LT,,1tllTF=BN 

Hl(ABJ:RCAP(J)o(TF-BN)/AMPIAB) 
COSTCABJ=-TCST(JJ 
COSTCA>=-TCST(J)-1, 
GO TO 300 

250 HIIAOJ=HCAP(Jl•ll,-RN)/AMP(AB) 
COST(Al=-t, 
GO TO 300 

C*********************************************************************** 
C RESERVOIR OPERATING RULE - OPTION 2 
(********************************¥**************************************
260 HIIAl=3NDCJl/A~P(A) 

IF IISEAS-NSEAS) 270,280,280 
270 H!IABl=RCAPIJl•ll,-RNl/AMPCABl

COST(Al=-TCST(J)-1, 
IF CBN,GT,TFJ GO TO 300 
LOIAl=Hl(Al 
GO TO 300 

290 LOIA>=RCAPCJ)oTF/AMP(A) 
COST(Al=-TCST(J) 

300 CONTINUE 
C******************************************************************T**** 
C CORRECT FINAL STORAGE ARCS 
C*********************************************************************** 

IF (!,NE.~!) GO TO 330 
NTI A) =6 
NTIABl=b 
FSTORE=FSTORE+Hl(Al+Hl(AB) 
IF IISOLVE,E0,1) GO TO 330 
AA=A-ADELT 
NTCAA>=NF(AA)+NJ 
AC=AB-ADELT 
IF IIOPT(J),EO.l) GO TO 320 
TF=TFACIIYX-1,J) 
IF CB~,GT,TF) GO TO 310 
!FCTF•RCAP(J),LT,R~!N(J))TF=RMIN(JJ/RCAP(J) 
LO(AC):RCAP(Jl•ITF-BNl/ANP(AC) 
GO TO 320 

310 CONTINUE 
LOIAC)=O, 
HllACl=O. 
LOIAAl=RCAP(Jl•TF/AMPCAA) 

320 CONTINUE 
NTIACl=NT(AAl 

330 COMTIWE 
C*********************************************************************** 
C GENERATE DATA FOR CANAL ANO RIVER ARCS 
c*****************************************~***************************** 

00 380 L=l,NL 
JF=LNODE IL• ll 
JT=LNODEIL,2) 
A=ALMI~+L 
NFCAl=7+1!-l)oNJ+JF 
NTIAl=7+1!-l)•NJ+JT 
LOIA):O 
H!CA)=O 

C*********************************************************************** 
C CONVEYANCE FACTORS FOR PIPELINES ARE NOT 
C ADJUSTED SEASONALLY 
C*********************************************************************** 

IF IEL(L)-1) 350,340,350 
3,0 AMPIAl=ELILl 

GO TO 360 
350 AMPCA):EL(LloELF(!SEAS) 
360 CONTINUE 

IF ILBL TCL). LE, I YEAR l HI IAl =CCAP IL) /16, 6•SIJRS 
!FILBLTIL),LE,IYEARlLOIAl=CMINILl/16,6•SU9S 
COST(A):CPUMPILl•CLIFTILl•POWFACIISEOSlol6,6 
IF ICOSTIA)l 370,370,380 

370 COST(Al=,o 
380 CONTINUE 
C*******************¼*************************************************** 
C GEflERATE DATA FOR SPILL ARCS 
C********************************~************************************** 

DO 390 J=l,NS
JF:JS(J) 
A=AS~IN+J 
NF(Al=7+1!-l)oMJ+JF
NTIA):5 
LOIA):O 
HI(Al:SCAP 
AMP(Al=l. 
COST(Al=KSPILL 
!FCKSPILL,LT,tlCOSTIA>=,001 
SPILL=SPILL+HIIA)

390 COfH!NUE 



C*********************************************************************** 
C GENERATE DATA FOR INPUT ARCS 
C••********************************************************************* 

DO 400 J=t,NJ 
A=ASMINS+J 
NF(Al=2 
NT(A>=7+(1-ll•NJ+J 
AMP(Al=l. 
Hl<A>=U<J,ISEASl 
LO<Al=Hl(Al 
COST<A>=o. 

400 CONTINUE 
410 CONTINUE 
C••********************************************************************* 
C GENERATE DATA FOR NET BALANCE ARCS 
C••********************************************************************* 

A=l 
NF(Al=l 
NT<Al=7 
Hl<A>=99999. 
AMP(A>=l. 
COST(Al=.001 

C*********************************************************************** 
C TOTAL INPUT ARC 
C••********************************************************************* 

A=2 
NFCAl=l 
NTCAl=2 
INPUT=INPUT-IADJ 
LOCA>=INPUT 
HICAl=LO(A)
AMP(Al=l. 
COSTCAl=O. 

C••********************************************************************* 
C TOTAL DEMAND ARC 
C••********************************************************************* 

A=3 
NFCAl=3 

co NT(Al=7 
N LO(Al=O• 

HICAl=9999. 
AMP(Al=l. 
COSTCAl=O. 

C*********************************************************************** 
C TOTAL IMPORT ARC 
C*********************************************************************** 

A=4 
NFCAl=l 
NTCAl=4 
LO(A>=O 
IMPORT=IMPORT-MADJ 
Hl(A)=9999.
AMP(Al=l. 
COST<Al=O 

C•********************************************************************** 
C TOTAL SPILL ARC 
C*********************************************************************** 

A=5 
NF(Al=5 
NT(Al=7 
LOCAl=O 
SPI LL=SPILL-SADJ 
HI(A>=SPILL 
AMP (Al=t. O 
COSTCAl=O 

C*********************************************************************** 
C TOTAL FI NA L RESERVOIR STORAGE 
C*********************************************************************** 

A=6 
NF(Al=6 
NT(Al=7 
LO<Al=O 
Hl(Al=FSTORE•2•
AMP(Al=l. 
COST(Al=O 
IYR=IYEAR-NSOLVE+l 
IF (ISOLVE.LT.NSOLVE) RETURN 
IF (IPRNT(IYRl.EG.ll GO TO 420 
RETURN 

C*********************************************************************** 
C PR I NT NETWORK MODE L 
C*********************************************************************** 
420 PRINT 440, !YR 

PRINT 450 
PRINT 460 
DO 430 I=t,ARCS 
PRINT 470, 1,NF(Il,NT(Il,LO(!),HI(ll,COSTCll,AMP(ll 

430 CONTINUE 
440 FORMAT (1Hl//24H •••••NETWORK MODE L•••••l7X,9HFOR YEAR ,12,//) 
450 FORMAT (79H ARC START END LOWER UPPER 

1 COST AMPLIFICATION) 
460 FORMAT (52H NO. NODE NODE BOUND BOUND//) 
470 FORMAT (3!10,6Flt.2) 

RETURN 
END 

https://IPRNT(IYRl.EG.ll


C***********•***-.'******************************************************* 
COMMON /ADATA/ IARC(3600),JARC(3600),COST(1800l,AMP(1800l,FLOW(l80 

10),UPPER(l800l,LOWER(l800l,ARCS
COMMON /XDATA/ V(500),BARC(500l,RARC(500l,FARC(500l,DISSET(500l,GA 

1N(500),ICHK(500l,LIST(500) 
COMMON /V/ SOURCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODES,IFS, 

lIROOT,EPS,BIG,NDEG,NLOP,SICH,ITER,NPRIT,TI~AX,TIME,IPRINT 
INTEGER ARCS 
INTEGER SOURCE,SINK,BARC,FARC,RARC,DISSET 
REAL LOWER 
IF (I,GT,NARCl GO TO 60 

C*********************************************************************** 
C COMPUTE COST ON FORWARD ARC 
C*********************************************************************** 

IF (FLOW(Il-LOWER(l)) 20,40,40 
20 CONTINUE 

COSTF:-B!G 
RETURN 

30 CONTINUE 
COSTF:COST(I) 
RETURN 

40 CONTINUE 
IF (UPPER(ll-FLOW(Ill 50,30,30 

50 CONTINUE 
COSTF:B!G 
RETURN 

C*********************************************************************** 
C CO~PUTE COST ON MIRROR ARC 
C*********************************************************************** 
60 CONTINUE 

K=l-NARC 
IF (FLOW(Kl-LOWER(Kl) 90,70,80 

70 CONTINUE 
COSTF:-COST(Kl/AMP(K) 
RETURN00 so CONTINUE 
IF (UPPER(K)-FLOW(K)l 100,70,70 

90 CONTINUE 
COSTF:BIG/AMP(K) 
RETURN 

100 CONTINUE 
COSTF:-B!G/AMP(K) 
RETURN 
END 

w 

c~ .-i.-.'-+::~~~~•~~;;~;~:~;••••••:•••~•.......:~•••****•••*••*•••••*•••.............,
C • TIil S ·SIJBROUTINE COMPUTES THE ECONOMIC COSTS 
C OF THE CURRENT SYSTEM CONFIGUR~TlON 
C•••****************•*******.******************************************* 

COMMON /NDATA/ NSOLVE,LSOLVE,NYEAR,NS,SCAP,NI,NREAD,MAXYR 
CO'IMON /SDATA/ NJ,NRES,NJUNC ,NL,NC ,NR,NYR,NSEAS, !YEAR, !DATE, IMP, IN 
CO~MON /JDATA/ RNAME(30,2l,RCAP(30l,RETSW(30),CRES(30l,RMIN(30l,NL 

1INK(30,Bl,FSTART(30l,DL0(30)
COMMON /LDATA/ CNAME(45,2l ,CLINK(2,'+5,3) ,CCAP('+5) ,CPUMP('+5l •C•JIN('+ 

15),CLIFT(45l,EL('+5l,LNODE('+5,2)
COMMON /CDATA/ PER!NT,NPAY,POWR,RESONM,CONONM,CIMP,LAGR,LAGC,POWFA 

1C(l2l 
COMMON /RDATA/ JS(10J ,JBLH30) ,LBLT(45l
COMMON /APRNT/ APOW(50l,AIMP(50),QM(45l,ISHORT(SO),ICOST(50) 
COMMON CRESC(50l,CRESOM(50J,CLINKC(50),CL!NOM(50l,C!MPT(50l,CP0WR( 

150l,CTOTAL(50l,PVRES(50),PVROM(50),PVLINC(50),PVLIOM(50),PVIMP(50) 
2,PVPOWR(50),PVTOT(50),ANRESC(50),ANRES0(50l,ANLINC(50l,ANLIN0(50), 
3ANIMP(50),ANPOWR(50l,ANTOT(50),CPEN(50),PVPEN(50l,ANPEN(50l 

INTEGER QM,AIMP,APOW 
C*********************************************************************** 
C INITIALIZE SUMS AND COMPUTE INTEREST 
C RATE FACTORS FOR PRESENT VALUE AND AVG, 
C ANNUAL COST COMPONENTS 
C*********************************************************************** 

CRESC(l):O,
CRESOM (ll :0, 
CLINKC(ll:O, 
CLINOM(ll :0, 
CIMPT(l):O, 
CPOWR(l):O, 
PVRES ( ll =O, 
PVROM ( ll :o, 
PVLINC ( ll :0, 
PVLIOM( ll :O, 
PV!MP ( l) :o, 
PVPOWR(l):O, 
ANRESC ( ll :O, 
ANRESO (1) :0, 
ANLINC(l):O, 
ANLINO(l):O. 
AN!MP(ll:O, 
ANPOWR(l):O, 
ANPEN (1) :o, 
PVPEN(l):O, 
CPEN(l):O, 
IPAY=-NPAY 
ANFAC:PERINT/(1,-(l,+PERINT)**IPAY) 

C••********************************************************************* 
C SET UP DO LOOP FOR ANNUAL VALUES AND 
C COMPUTE COST FACTORS WITH RESERVOIR 
C AND CONDUIT CAPITAL COSTS INCURRED 
C LAGRAND LAGC YEARS EARLIER RESPECTIVELY 
C*********************************************************************** 

DO 90 !YR:l,NYEAR 
J:IYR+l 
IF (IYR,EQ,ll GO TO 20 
!YRl=IYR-1 
PVFAC:l,/(1,+PER!NTl•*IYRl 
GO TO 30 

20 PVFAC:1,0 
CMP0:1.0 

30 CONTINUE 
C*********************************************************************** 
C COMPUTE RESERVOIR COST COMPONENTS 
C*********************************************************************** 

ANSUM:O. 
ANSUMO=O,O 
DO 50 K:l,NRES 
IF (JBLT(Kl,GT,IYRJ GO TO 40 
ANSUMO:ANSUMO+CRES(Kl•RESONM 

40 CONTINUE 



IBL=JBLTCKl-LAGR 
IFCIBL.LT.ll!BL=l 
IF CIBL,NE.IYR) GO TO 50 
ANSUM=ANSUM+CRESCKl 

50 CONTINUE 
CRESCCJl =CRESCCJ-ll+ANSUM 
CRESOM(Jl=CRESOMCJ-ll+ANSUMO 
PVRESCJ)=PVRES(J-ll+ANSUM*PVFAC 
PVROMCJ)=PVRO~(J-ll+ANSUMO*PVFAC 
ANRESC(Jl=PVRES(Jl*ANFAC 
ANRESO(Jl=PVRO~(Jl*ANFAC 

C*********************************************************************** 
C FIND MAXl~UM LINK FLOWS AND 
C COMPUTE CONDUIT COST COMPON ENTS 
C NOTE*** ZERO CAPITAL COST FOR 
C MAXIMUM LINK-FLOW,LT,l CFS 
C••********************************************************************* 

ANSUM=O, 
ANSUMO =O,O 
DO 80 L=l ,NL 
CONCAP=O. 
Q=QM CU 
IF CQ,LT,l,) GO TO 60 
Q=Q*'723,6 
CONCAP=CLINK(l,L,t>+CLINK(l,L,2>•G+CLINKC1,L,3)•Q••2 

60 CONTINUE 
IBL=LBL T<U-LAGC 
IFCIBL,LT.ll!BL=l 
IF (IBL,NE,IYRI GO TO 70 
ANSUM=ANSUM+CO~CAP 

70 LF CLBLTCL),GT,IYRI GO TO 80 
ANSUMO=ANSUMO+CONCAP*CONONM 

80 CONTINUE 
CLINKC(Jl=C L! NKCCJ-l)+ANSUM 
CLINOM<J>=CL!NOMCJ-l)+ANSUMO 
PVL!NCCJl=PVLINCCJ-ll+ANSUM*PVFAC 
PVL!OMCJ>=PVLIOMCJ-l)+ANSUMO•PVFAC 
ANLINC(Jl=PVLINC(Jl*ANFAC 
ANLINOCJl=PVLIOMCJl•ANFACCX::> 

.j:::,, C••********************************************************************* 
C COMPU TE IMPORT WATER COST COMPONENTS 
C••*********************************************************************

XIMP=AIMPCIYR) 
ANSUM=XIMP*Cl~P 
CIMPTCJ)=CIMPTCJ-ll+ANSUM 
PVIMP(J)=PVIMPCJ-ll+ANSUM*PVFAC 
ANIMPCJ) =PVIMP(Jl•ANFAC 

C••********************************************************************* 
C COMPUTE PUMP-POWER COST COMPONENTS 
C A~D PENAL TY COSTS 
C••********************************************************************* 

ANSUM=APOWCIYR) 
CPOWR(Jl=CPOWRCJ-!l+ANSUM 
PVPOWR(Jl=PVPOWR(J-l)+ANSUM*PVFAC
ANPOWR(Jl=PVPOWR(Jl•ANFAC 
CPENCJl =CPENCJ-l)+ICOST(IYRl 
PVPENCJl=PVPENCJ-ll+FLOATC!COST(IYR)l*PVFAC
ANPEN(J)=ANFAC•PVPENCJ) 

C*********************************************************************** 
C SUM COST COMPONENTS TO GET CUMULATIVE 
C ~~NUAL TOTALS 
C••********************************************************************* 

CTOTAL(Jl=CRESCCJl+CRESOMCJ)+CLINKCCJ)+CL!NOM(J)+CIMPT(J)+CPOWR(J ) 
l+CPENCJ) 

PVTOT(Jl=PVRESCJ)+PVROMCJl+PVLINCCJ)+PVLIOM CJ)+PVIMP CJ)+P VPOWRCJ )+ 
!PVPEN(J) 

ANTOTCJ)=ANRESC(J)+ANRESOCJ)+ANLINCCJ)+ANLI NOC J) +ANIMP(J)+ANPOWRC J 
ll+ANPENCJ) 

90 CONTINUE 
C••********************************************************************* 
C END OF ANNUAL COS T CO~PUTATIONS 
C••*********************************************************************

RET URN 

SUBROUTINE DESUB Cl,Jll 
(***********************************************************************
C SUBROUTI NE TO DELETE AN ARC FROM THE TRIPLE LABEL 
C REPRESENTATION OF THE FLOW AUGMENTING TREE. 
C*********************************************************************** 

COMMON /ADA TA/ IA RC C3600),JARC(3600),COSTC1800),AMP(1800l,FLOW(180 
10),UPPER(lBOO l,LOWE RC !BOOl,ARCS 

COMMON /XDATA/ VC500>,BARCC500l,RARCC500l,FARC(SOOl,DISSET(500l,GA 
1N(500),ICHKC500),LISTC500) 

COMMON /V/ SOURCE , SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODES, IFS, 
l!ROOT,EPS,B!G,NDEG,NLOP,SICH,ITER,NPRIT,TJMAX,TIME,IPRINT 

INTEGER ARCS 
INTEGER SOURCE,SINK,BARC,FARC,RARC,DISSET 
REA L LOWER 
EXTERNAL FLMXC,AMPF,COSTF 

C•********************************************************************** 
C DELETES ARC I FROM THE LIST OF SUBSEQUENT ARCS 
C TO NODE II. 
C••********************************************************************* 

JJ=JA RC (I) 
IF CFA RC(Il) , NE.Il 
FARCC!ll=RARCCJJ) 
RETURN 

GO TO 20 

20 CONTINUE 

30 
MM=FARC(II) 
CONTINUE 
MN=JARC(MM) 
IF CRARCCMNl,NE.Il GO TO 40 
RARCCMNl=RARCCJJ) 
RETURN 

40 CONTINUE 
MM=RARC CMN) 
GO TO 30 
END 



END 

~.•,~•~~~~~~·:.•li~'•ii·*~•:·•·~~~•.:~•~·~~;~·••~•;-..*~:~;••~ .••••** 
-·· ,. .. _ .. rA) IARC(3ll00l ,JARC(3600) ,CllST( 1800) ,.a.MP!1800) ,FLowlleo

10) ,UPPER(!IIOO) ,LOltER<tllOO) ,ARCS 
CO~M0/1 /XDATA/ V(500) ,BARC(500) ,RARC(500) ,FARC(SOO) ,O!SSET(Sonl ,GA

111(500) ,ICHK 1500) ,LIST!500l 
CO~MON IV/ SOURCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NOOES,IFS, 

lIROOT,EPS,AIG,NDEG,NLOP,SICH,ITER,NPRIT,T!~AX,TIME,IPRINT 
INTEGER ARCS 
INTEGER SOURCE,SINK,BARC,FARC,RARC,DISSET 
REAL LOWER 
EXTERNAL FLMXC,AMPF,COSTF 
IF III.GT.NARC) GO TO 20 

C*********************************************************************** 
C CHANGE FLOW IN A FORWARD ARC. 
C********************************~**************************************

FLOW(!I):FLOW(II)+FLONOW 
IF(ABS(FLOW(li)-LOWER(I!)).LT.EPS)FLOW(II)=LowER(!l) 
!F(ABS(FLOWCIIl-UPPERCIIll.LT,EPSIFLOW(!Il=UPPER(III
CSTNOW:CSTNOW+FLONOW*COST(II)
GO TO 30 

c*********************************************************************** 
C CHANGE FLOW IN A MIRROR ARC. 
C***********************************************************************
20 CONTINUE 

KK=II-NARC 
FLONOW:FLONOd / A.MP (KK) 
FLOW (KK J:FLOW (KK) -FLO'l01; 
CSTNOW:CSTNOW-FLONOW*COST(KKl 

30 CONTINUE 
RETURN 
END 

o:> 
u, 

,, ".,... "" ...... _.. ~ ,.11•••:•:.:•••,•:•••!z~;:i~~~~~:~f~;~r.~·~·i'·~:;·~~:~;;~;;~~~~~~~:i.:~.;·~~•·•·* 
<: . • • , FUNCTION' TO .:oETERMINE NAXIJ,1\JM FLOW CHANGE IN AN ARC 
c.•..••••·• .. •**••..•••••..••••·..•..•••••....••..••••·t.••*****•••••*******•********* 

COMMOll /AOATA/ 1ARC(3600) ,JARCC3600) ,COST(l800l ,A~\P(l800l ,FLO\i(lBO 
lO),UPPERflSOOl,LOWER!18001,ARCS 

CO~MON /XDATA/ V(500J,BARCl500l,RARCl500l,FARC(500l,DISSETISOO),GA
1N(5001,ICYK(500l,LIST(500) 

CO)•IMON /V / SOI JR CE, SINK, NARC, OUTFLO, FLONET, CSTNOW, TOTCST, NODES, IFS, 
lIROOT,EPS,BIG,NDEG,NLOP,SICH,ITER,NPRIT,TJMAX,TIME,IPRINT 

INTEGER ARCS 
INTEGER SOllRCl".,SINK,BARC,FARC,RARC,DISSET 
REAL LOWER 
EXTERNAL COS TF, A~\PF 
II=IARC!l) 
JJ:JARC(l) 
IF (S) 20,20,70 

C~*~******************************************************************** 
C ~Low IS TO BE DECREASED 
C*********************************************************************** 
20 CONTINUE 

IF fl.GT.NARC) GO TO 40 
IF (FLOW(Il,GT.UPPER(Ill GO TO 30 
FLMXC:FLOW(Il-LOWER(Il 
RETURN 

30 CONTINUE 
FLMXC:FLOW(Il-UPPER(Il 
RETUR~ 

40 CONTINUE 
K=I-NARC 
IF (FLOW(Il,LT,LOWER(Il) GO TO 60 
FLMXC:(UPPER(Kl-FLOW(Kll*A~P(K) 
RETURN 

60 CONTINUE 
FLMXC:(LOWER(Kl-FLOW(Kll•AMP(Kl 
RETUR'I 

C*********************************************************************** 
C FLOW IS TO BE INCREASED 
C******~**************************************************************** 
70 CONTINUE 

IF (I.GT.NARC) GO TO 100 
IF (FLOW(ll,GE.UPPER(Il) GO TO 130 
IF (FLOW(Il,LT.LOWER(I)l GO TO 90 
FL'IXC:UPPER ( I l -FL011 (II 
RETURN 

90 CONTI'IUE 
FLMXC:LOWERCI)-FLOW(Il 
RETURN 

100 CONTINUE 
K=I-NARC 
IF (FLOW(K),GT.UPPER(Kll GO TO 120 
IF CFLOW(Kl.LE.LOWER(Kl) 60 TO 130 
FLMXC:(FLOW(Kl-LOWER(Kll•AMP(K) 
RETURN 

120 CONTINUE 
FL~XC:(FLOW(Kl-UPPER(Kll•AMP(Kl 
RETURN 

!30 CONTINUE 
FLMXC:O.O 
RETURN 
END 



SUBROUTINE FLOP (JJ, FLMAX,GN, IRO OTLl 
C*********************************************************************** 
C SUBROUTI NE TO DETERM I NE THE GA I N, MA XIMUM FLOW 
C CH AN GE , AND ROO T OF A FLOW GENERATING CYCLE 
C I N THE FLOW AUGMENTING TRE E, 
C••********************************************************************* 

COMMON /ADATA/ I ARC(3600 ),JA RC (3600 ), COST(l BOO l,AMP (l 800l,FLow<l BO 
l0l,UPP ER C1 80Ql, LO WER C1800l, ARCS 

COMMON /XaATA/ VC500J,BARCC500l,RARCC500l,FARCC500l,DISSETC500l,GA 
lN(50 0l,IC HK C500 l,LI ST C5 00 l 

COMMON /V/ SOURCE , SINK , NARC,OUTFLO, FLONE T, CS TNOW,TOTCST,N ODEs ,IFS, 
lIROOT,EPS ,B I G,NDEG , NLOP , SICH ,ITER,NPRIT,TI MAX ,TIME,IPRINT 

INTE GER ARCS 
I NTE GER SOURCE,SINK,BARC ,FA RC, RARC , OTSSET 
REAL LO WER 
EXTE RNA L FLM XC,AMPF, COS TF 
FL MAX=9999g99999, 0 
GN=l 
IJ=JJ 

20 CONTINUE 
IJK=BARC CIJl 
GN =GN•AMPF C IJK l 
FLMXT=FLMXC(IJK,l,l• GN 
IF (FLMX T, GT,FL MAXl GO TO 30 
FL MAX =FLMX T 
I ROO TL=JARC ( I JK l 

30 CONTINUE 
IF CIARC(IJKl,EQ,JJl GO TO 40 
IJ=I ARC (IJKl 
GAN( IJl=GAN(JJl•GN 
GO TO 20 

40 CONTINUE 
FLMAX=FLMAX•Cl,-1,/GNl 
RETURN 
END 

(X) 
O'I 

SUBROUTINE GA1'1 
C••****************************************************************~**** 
C PROGRAM TO SOLVE THE NE TWORK WITH GAINS PROBLrM FOR 
C A GIVE N QUANTITY OF OU TPU T FLOW, 
C PROGRAM RY P. JENSEN AND GORA BHAUM I K, U~IVERSITY 
C OF TE XAS , 1973, 
C*********************************************************************** 

COMMON /ADATA/ I ARC C3600 ),JARC C3 600 l, COS TC1B OO l, AMP(l ROOl,FLOw(l 80 
l0l,UPPER(l800l ,LOWER( l 800l , ARCS 

COMMON /XDA TA/ V(5001 , BARC(500 l, RARC (500 l,FA RC (5 00 l, DTSSET(5 nn l, GA 
l N(500l,ICHK( 500 l,LI ST(~OOl 

COMMON /V/ SOIIRCE , SINK , NARC , OU TFLO,FLONET ,CSTNOW ,TOTC ST,NoDE<; ,IFS , 
ll ROO T, EPS , BIG, NDEG , NLOP,SICH,ITE R,NPl> IT,TI MAY,TI ME ,IPqJNT 

COMMON /PRT/ IPRN T< 45l 
COMMON /SDATA/ t-JJ, MRES, NJ\J NC , NL, IK , NI? , NYR, "I SE/'\S , I YEAR, !DATE, 1,•P, I N 
COMMON /NOATA/ NSO LV E,LSOLV E, NYE AR ,NS , SCAP ,NI,NREAO, ~~XYR 
I NTE GER ARCS 
I NTE GER SOURCE ,SI NK , OAR C,FARC,RA RC , DISSET 
REA L LOWER 
EX TE RNA L FLM XC , AMPF,COS TF 

C********************************~********************************•~**** 
C I NITIALI ZE COUNTERS A~D CONSTAN TS 
C••***************************************•***************************** 

NARC =ARCS 
NOEG =O 
NLOP=O 
ITER=O 
FL ONE T=D, O 
TOTC ST=O , O 
I PR I NT=l 
IFS=o 
EPS=, 001 
BI G=l . E3 
SOURCE =l 
SINK =7 
OU TFL 0=99999, 

(***********************************************************************
C IN ITI ALIZE FLOWS AND CREA TE MIRPOR ARCS , 
C••***************************************************************•~•••• 

DO 20 I=l,NA RC 
NN =N ARC+I 
IARC(NNl=JAR CCll 
J ARC (N'I l = I ARC CT l 

20 CON TI NUE 
NARCS=NARC•2 

30 CON TI NUE 
C••***************************************************************•~••• • 
C EXECUTE IT ERA TIV E SOLUTl ·W PROCE~IJRE 
C••*****************~***************************T******************~**** 

CALL SHOR T ( I EN TER,IL EAV ) 
IF CIENTER.EG,nl GO T0 60 
CALL ~AXFLO 
TOTCST=TOTCS T+CSTNOW 
ITER=!TER+l 
IF (!PRINT) 50 , 50 ,4 0 

40 PR INT 1~0, ITEP ,FLON[ T,T OTCS T 
PRINT 160 , IL~~V ,IE NTF.P , S IC H 

SO CONTINUE 
IF (AAS <FLONE T-OUTFLOl.LE . EPS l GO TO 6n 
GO TO 30 

60 CONTINUE 
IYR=IY EAR - NSOLVE+l 
I F (IPRNTCJYRl ,EQ,ll GO TO 70 
GO TO 90 



"**~*******,***
READS>AL\... THEsSY.STEM DATA,THE 

THE FIXED MONTHLY COEFFICIENTS, 

80 
90 

100 
110 

120 
130 
140 

150 
160 

!(I) 
CONTINUE 
IF CIPRlNT,EQ,-1) RETURN 
PRINT 130, TOTCST 
PRINT 140, ITER,NDEG,NLOP 
RETURN 
FORMAT (1Hl///,30H•••••OPTIMAL FLOW PATTERN*****•///) 
FORMAT (77H ARC START END L011ER UPPER COST 

lN FLOW l 
FORMAT (I5,2X,215,5Fl0,2) 
FORMAT C///,21H ****•TOTAL COST••••••F20,4) 
FORMAT C22H NUMBER OF ITERATIONS , !10/33H MU<1BER OF DEGENERATE 

lRATIONS ,110/27H NUMBER OF LOOP ITERATIONS •110/) 
FORMAT (llH ITERATION ,I5,5X,6H FLOW ,F10,2,SX,6H COST ,F20,2) 
FORMAT (7H REMOVE, 15, 5X, 5HENTER, 15, 5X, 5HDEL TA,F20 ,5)
END 

GA! 

!TE 

C*******'.**._********"'****,**********************'**************************
COMMON /SDAT/V NJ, NRES, NJUNC ,NL, NC ,NR ,NYR, NSEAS,IYEAR, I DATE, IMP, IN 
COMMON /MDATA/ XXC12l,ELFC12),XIMP,KSPILL 
COMMON /JDATA/ RNAMEC30,2),RCAP!30l,RETSWC30l,CRES(30l,RMIM(30l,NL 

1INKC30l,FSTARTC30l,DL0(30l 
COMMON /LDATA/ CNAMEC45,2l,CLINKC2,45,3),CCAP(45),CPUMPC45l,CMIN(4 

15),CLIFTC45l,ELC45l,LNODEC45,2l 
COMMON /SHORTS/ BNDC30l,CSTC12•30),AC0(30,2l,TFACC13,30),TCST(30l,

l!OPT(30),ALPC30l 
COMMON /PRT/ IPRNT(45l 
COMMON /RDATA/ JS(l0),JBLTC30l,LBLTC45l 
COMMON /APRNT/ APOWC50l,AIMPC50),QM(45l,ISH0RT(50),ICOSTC50l 
COMMON /CDATA/ PERI NT, NPAY, POl~R, RESONM, CONONM,CIMP, LAGR, LAGC, POWFA 

1CC12l 
COMMON /NDATA/ NSOLVE,LSOLVE,NYEAR,NS,SCAP,NI,NREAD,MAXYR 
COMMON /ADATA/ NFC3600l,NTC3600),COST(l800l,AMP(l800l,FLOW(l800l,H 

l!ClBOOl,LOWERClBOO),ARCS 
INTEGER SCAP,ARCS 
REAL LOWER 

C*********************************************************************** 
C READ AND WRITE 
C HEADING 
C***********************************************************************

INCRD=5 
IPAGE=6 
KOUT=6 
KIN=5 

20 
WRITE (KOUT, 20) 
FORMAT ClH1/125ClH*)l 
WRITE (KOUT,30) 

30 FORMAT (42X,29HTEXAS WATER DEVELOPMENT B0ARD,/44X,25H 
lN MODEL ,/125ClH•l////) 

ALLOCATIO 

C*********************************************************************** 

co C 
C 

READ AND WRITE SYSTEM DATA 
- INPUT FILE A 

" c********************************~**************************************
READ (5,40) NJ,NRES,NJUNC,NL,NC,NR,NYR,NSEAS,IDATE,IMP 

40 FORMAT (lOX,14I5) 
C***********************************************************************
C READ AND WRITE NODE DATA 
C - INPUT FILE B 
C***********************************************************************

READ (5,50) CJ,CRNAME(J,K),K=l,2),RCAP(Jl,RMIN(Jl,CRES(Jl,RETSWCJ) 
l,NLINKCJ),DLO(J),BNDCJ),ACO(J1l),ACO(J,2l,N=l•NJJ 

50 FORMAT (12,2A4,3Fl0,0,F5,2,!5,F5,2,F10,0,5X,2F5,4l 
C*********************************************************************** 
C 
C 

READ AND WRITE LINK DATA 
- INPUT FILE C 

(CANAL OR RIVER) 

C***********************************************************************
READ (5,60) CL,(CNAMECL,Kl,K=l•2l,CCAP(Ll,CMIN(Ll,CLIFTCLJ,EL(L),( 

1LNODECL,K),K=l,2l,M=l•NL) 
60 FORMAT (!2,2A4,3F10,0,Fl0,3,20X,2!5l 
c***********************************************************************
C READ AND WRITE LINK COST DATA 
C - INPUT FILE D 
C*********************************************************************** 

READ C5,70l CL,C(CLINK(I,L,Kl,K=l,3l,I=1,2>,M=l,NLl 
70 FORMAT (I2,BX,6E10,4) 
C*********************************************************************** 
C READ AND WRITE ECONOMIC DATA 
C - INPUT FILE E 
C*********************************************************************** 

READ (5,80) PERINT,NPAY,POWR,RESONM,CONONM,CIMP,LAGR,LAGC 
80 FORMAT (lOX,F!0,4,Il0,4Fl0,4,2I5) 
C*********************************************************************** 
C READ AND WRITE POWER FACTOR COEFFS 
C - INPUT FILE F 
C*********************************************************************** 

READ (5,90) (POWFACCil,I=l,NSEAS) 
90 FORMAT ClOX,12F5,3) 
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240 

250 

260 
270 

280 
29 0 

300 

310 

320 

330 

340 
350 

360 

370 

c*********************************************************************** 
C READ AND WRITE SEASONAL I MPORT COEFFS 
C - INPUT FILE G 
C*********************************************************************** 

READ (5 ,1 00) XIMP,CXX ( l ) ,I :1 ,NSEAS ) 
100 FORMAT ( lOX ,F5 . 0 , 12F5.3 ) 
C***************************************************************M****** 
C READ AND WRI TE SEASONA L CHANNEL LOSS ADJ USTMENT 
C FACTORS 
C - INPUT FI LE H 
C•••********************************************************************

READ (5 , 90 ) (ELFlll,I : l,NSEAS ) 
C*********************************************************************** 
C READ ANNUAL OUTPUT CONTROL OPTI ONS 
C - INPUT FILE I 
C*********************************************************************** 

RE AD ( 5 '11 0 ) IPRNT 
11 0 FORMA T ( 1 4X,45l1) 
C*********************************************************************** 
C READ TIME DI MENS I ONS OF PROB LEM 
C - I NP UT FILE J 
C••************************************************************••••••••• 

READ lKIN ,1 20) NUMYRS , NSOLVE 
120 FORMA T (20X,!10, 10X, !I O) 

NYE AR : NUMYRS 
NR EAD: l 

C••**•******•*********************************************************** 
C READ SPI LL COST AND MAXIMUM SP I LL RA TE S 
C - INPUT FI LE K 
C******•*************************************••••••*•*•***********•**•*• 

READ (K I N, 130 ) SCAP,KSPI LL ,NSPNDS 
130 FORMA T ll OX , 3110 ) 

NS=N SPNDS 
IF l NSPNDS.LE.10) GO TO 150 
ERROR:1 . 0 
WR ITE (IPAGE,140 ) 

140 FORMAT ll X, 48HERROR- - -MORE SPI LL NODES THAN 10 ALLOWED---ERROR) 
150 CON TI NUE 

00 C••***************************************************************•**•**
C qEAD NODE NUMBERS OF NODES THA T CAN SPI LL 
C - I NPUT FI LE L

00 

C••*********•******•**********************************•***************** 
READ lKIN,160) (JSll),1 : 1,NSPNDS) 

160 FORMA T (lOX, S l AX,12)1 
C••*********************•••••••**•**********************•*************** 
C READ THE YEARS THA T RES ER VOI RS WER E BU I LT 
C - INPUT FI LE M 
C••************••••***************************************************** 

NRS 4:NR ES 
170 NLOOP: MI NOl4,NRS4) 

READ l KIN , 190) (I,JBLT(I l, J= l,NLOOP ) 
NRS4 : NRS4-4 
IF l NRS4 ) 180,180,170 

180 CON TI NUE 
190 FORMAT l l OX,4lAX,12, ! 5)) 
C••••••••••••••••••••••***•*******•*••*******************•************** 
C READ THE YEARS THA T CANALS WERE BUILT 
C - INPU T FI LE N 
C**************•*•****•******•********••••••••***•**********•••••••••••• 

NRS 4:NL 
20 0 NLOOP: MI NOl4 , NRS 4l 

READ ( KI N,190) (!, LBLT (l) ,J:11NLOOP) 
NRS4 : NRS4 - 4 
I F l NRS4 ) 210,210 , 200 

210 CON TI NUE 
C••*******•**•*******••••••••••******•*********•****•••***************** 
C READ THE IN IT IAL RESERVOIR STORAGE CONTENTS 
C AS A PERCENTAGE OF MAXIMUM STORAGE VO LU ME 
C - INPUT FI LE 0 
C••*********•****••••••***•••••••••*••••••••••••*****•****•*•••••••••••• 

NRS 4=NRES 
220 NLOOP: MI NO l4, NRS41 

READ ( KI N,240) ( !, FSTART(l l , J:l ,NLOOP) 
NRS 4:NRS4-4 
IF ( NRS4) 230,230 , 220 

230 CON TI NUE 
FORMAT (lOX,4 ( 8X ,l 2 ,F5 .0)) 

C•••••••••••• ****•********•*****••••••••••••••****•********************* 
C READ RESERVO I R OPE RA TING RUL ES AND OPTIO NS 
C - I NP UT FI LE P 
C• •••••••••••••••••••••••••***•*****•*************•********************* 

READ l KIN , 250) (J,IOPT(J) , TCST(J), ( TF AC(! , J),I:1,13 ) , ALP (Jl, K:1,NR 
lES) 

FORMA T ll 3X ,I 2,3X, 12, F5. 0, 13F4.2 ,F3 . 2) 
C••••*****•*****•*****•*•*•***********••••••••************************** 
C READ SHOR TAG E COS TS 
C - INPUT FILE Q 
C••••••••••*•*************•*•*******•*•***************•*************~••* 

NCRDS:NSEAS/4 
!Fl4*NCRDS. LT. NSEAS ) NCRDS=NC RDS+l 
DO 270 K=l , NJ 
NST=l 
NSTP:4 
DO 270 L=l, NCRDS 
READ (KIN , 260 ) J, l l ,C STC I,J i , M: NST , NSTP) 
NS T= NS T+4 
NSTP:NSTP+4 
FORMA T (1 8X , !2 , 4 C!5,F8 . 2 , 2X ll 
CONTI NUE 

C••**********••••••••••••••••••********•*•**************• *************** 
C PRI NT THE DET AILS OF HOW THE 
C PROBLEM IS BEIN G APPROACHED 
C••••••••••••••••••••••••••••••••••****••••*******• ••••••••••*********•* 

WR ITE (6,280 ) 
WRI TE (6 , 290) NJ,NRES,NJU NC, !MP,NS, ( JS ( K), K:1 , NS) 
WRI TE ( 6 , 30 0) NL, NR,NC 
WR ITE (6,3 10) NUMYRS , NREAD,NSEAS, NSOLVE, NY EA R 
FORMAT ( 37X,38H DETA ILS OF THE PROB LEM ARE AS FOLLOWS ) 
FORMA T l lH 0 , 37X,13H ll THER E ARE,! 3 ,20H JUNCTIONS, OF THESE// 37X,1 

16H A) THE FI RS T,! 3 ,15H ARE RESERV OI RS/37 X,1 6H 8 ) THE LAST , I 
23 , 19H ARE LI NK J UNC T! ONS / 37 X,36H C) I MPO RTED WA TER ENTERS AT NO 
3DE ,l 3/37 X, 42H Dl SP ILLS FROM THE SYSTEM CAN OCCUR AT,l2/37X•29H 
4 NODES , THESE AR E NODES/l SOX,1 3 )) 

FORMA T ( 1H0,37X , 13H 2 ) THERE ARE,! 3, 15H L!NKS, OF THESE//37X•l 6H 
1 Al THE F!RST ,13,lBH ARE RIVER REACHES/37X ,16H Bl THE LAST •13, 
216H ARE PUM P-CANALS) 

FORMA T llH 0 , 37X, 13H 3) THERE ARE,! 3 ,2 1H YEA RS IN THE PROBLEM/37X, 2 
14H A) THE FI RS T YEAR I S,l3/37 X, 20H Bl EACH YEAR HAS,13 ,sH SE 
2ASONS/3 7X,38H Cl EACH YEAR LY SOLUT ION REQUIRES A,! 2/ 37 X,19 H 
3 YEAR NE TWORK,/37X, 2 3H D) THE LAS T YEAR I S ,1 3 ) 

WR ITE (KOUT,20) 
WR ITE (KOUT,320 ) 
FORMAT ( 34X,39HNODE DATA , EITHER RESERVO I R OR JUNCTI ON , / 125 (1 H* l / / 

l/4X,16HNODE RES OR JNC, 5X , 6HRESEVR , 4X,6HR ESEVR, 3X, 6HR ESEVR•4X•6HR 
2E TURN , 4X,6HRE TURN ,4 X, 5HBRKPT,4 X, 5HLOWER ,4X, 5HUPPER, 3X ,10HSI MULAT!O 
3N ) 

WR IT E (KOUT, 330 ) 
FORMA T (5X , 3HN0. , 5X , 4HNAME , 9X , 3HMAX ,7X,3HM I N, 7X4HC OST 

1 6X ,4HFL OW , 6X ,4HFL OW ,4X, 7 HSTORAGE,2 X,7HSTO RA GE,2 X,7 
2HSTORAGE,2X, BHYEAR RES/25X,6Hl OOOAF,4X•6H1 000AF ,3X, 5H1000$ • 6X , 
34HNODE , 6X , 4H S/W,5X , 6H l0 00AF, 3X,5HSLOPE, 4X, 5HSLOPE , SX , 5HBU I 
4LT/) 

DO 340 J:1,NJ 
WR IT E lKO UT ,350 ) J, l RN AMElJ, K), K:1, 2 >, RC AP(J), RM !N(J),CRES (J) ,NLI N 

lK( J) ,RETSW (Jl ,BND l J l ,A CO( J , l ), ACO (J,2) ,JBLT(J) 
CON TI NUE 
FORMAT ( 3X ,1 5 , 3X,2A4 ,2X , F9. l, 1X, F9. 1•1 X,F9. l,4X,!5, 6X ,F4. 2 •2 X,F9 .l 

l, 2F9 . 4 ,l1 0 l 
WR IT E lKOUT, 20) 
WR !TE ( KOUT, 360 I 
FORMAT l 43X , 24HL!NK DA TA CANAL OR R! VER , / 125 ( 1H* )/ / /, 10X,1 5HLJNK 

lLI NK NAME,3X,77HOR I GI N TE RM I NAL MAX I MUM MI NI MUM TOT AL DYNAM 
2 I C SEASONAL SI MULATI ON) 

WR IT E (KOUT, 370 ) 
FORMA T lll X,3HN0 . ,15X ,4HNOD E, 5X ,4HNODE , SX ,4HFLO W, 7X,4HFLOW,5X,12HP 
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20X,6HCOEFF.,8X,5HBUILT) 
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FORl4,U (7X, 5Hl40, ,6X,,1tHODE,6i;'IHHOOE>J;X,6HlOOOAF ,7X,5HCFS,3X,8H 
INFEASIBLE l S/AF ,'IX, 6H1000.0.F, 7X, 3HCFS, 'IX ,6HlOOOAF •7X,5HCFS/l 

160 FORMAT llHll 
COMMON /NOATA/ NSOLVE,LSOLVE,NYEAR,NS,SCAP,Nl,NREAD,MAXYR WRITE (KOUT,170) 
COMMON /SDATA/ NJ,NRES,NJUNC,NL,NC,NR,NYR, NSEAS, !YEAR, !DATE, I•1P, IN 170 FORM.O.T (/40X,16HNET BALANCE ARCS/) 
COMMON /ADATA/ NFC3600l,NTC3600),COST(1800l,AMP(lSOOl,FLOW(lB00l,H DO 300 A=l,ARCS 

1IC1800l,LOC1800l,ARCS NDUM=(20NJ+1+20NRES+NL+NS)o((IDYR-ll•NSEAS+CIDSEA-1))+(6+NRESJ 
COMMON /V/ SOIJRCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODES,IFS, IF CA.NE.IPAGE0301 GO TO 180 

lIROOT,EPS,RIG,NDEG,NLOP,SICH,ITER,NPRIT,TIMAX,TIME,IPRINT WRITE 16,160) 
DATA DASH/2H**/ WRITE CKOUT,1401 
DATA BLANK/2H / WRITE CKOUT,150) 
REAL LO,LOCF IPAGE=IPAGE+l 
INTEGER SCAP,A,ARCS,SOURCE,SINK,AB 180 CONTINUE 

C*********************************************************************** 

IF (A.EQ.7) WRITE (6,190) 
C DETERMINE IF THE FLOW IN ANY ARC VIOLATES THE !90 FORMAT C/,40X,20HINITIAL STORAGE ARCS/) 
C UPPER OR LOWER BOUNDS ON THE FLOW IN THAT ARC IF (A.NE.CNDU~+l)I GO TO 210 

C*********************************************************************** 

WRITE (6,200) IDYR,IDSEA 
KOUT=6 200 FORMAT C/,40X,20HDEMAND ARCS FOR YEAR,I3,aH ,SEASON,I3/) 
TIMAX=O• 210 CONTINUE 
DO 30 I=l,ARCS IF CA.EQ.(NDUM+(NJ+l)ll WRITE (6,2201 IDYR•IDSEA 
F=FLOWCil 220 FORMAT (/,40X,19HIMPORT ARC FOR YEAR,I3,8H ,SEASON,13/l 
IF CF-HICII-EPS) 20,20,100 IF CA.EQ.CNDU~+NJ+21) WRITE (6,230) IDYR,IDSEA 

20 IF CLO(Il-F-EPS) 30,30,100 230 FORMAT C/,40X,27HRESERVOIR STORAGE ARCS,YEAR,I3,8H ,SEASON,I3/l 
30 CONTINUE IF (A.EQ. (MDUM+NJ+2+2*NRESI I WRITE (6,240) IOYR,IOSEA 
C*********************************************************************** 240 FORMAT C/,40X,18HLINK ARCS FOR YEAR,I3,8H ,SEASON,13/1 

C*********************************************************************** 

C DETERMINE IF CONSTRAINTS ON RESERVOIR STORAGE IF CA.EQ.CNDUM+NJ+2+2*NRES+NLI) WRITE (6,250) IDYR,IDSEA 
C SEGMENTATION HAVE BEEN VIOLATED 250 FORMAT t/,40X,19HSPILL ARCS FOR YEAR,I3,8H ,SEASON,I3l 
C*********************************************************************** IF CA.EQ. CNDU~+NJ+2+2*NRES+NL+NSI) WRITE (6,260) IDYR, IDSEA 

DO 80 I:1,NSE45 260 FORMAT (/40X,21HINFLOW ARCS FOR YEAR ,I3,9H ,SEASON ,I3/)
AIMIN:NRES+6+CI-ll•C20NJ+l+2oNRES+NL+NS) FLOWC=FLOWCAl*l6.6/SUBS
ARMIN=AIMIN+NJ+l LOCF=LOCAl*16.6/SUBS
DO 80 J=l,NRES HICF=HI(Al*16.6/SUBS
A=ARMIN+J IF CFLOWC.LT.LOCF.OR.FLOWC.GT.HICFl PRINT 270, A 
AB=A+NRES 270 FORMAT (////,17H INFEASIBLE ARC -,I4////l
IF CFLOW(Al-Hl(AJ+EPSI 40,70,70 DASHO=BLANK 

40 IF CFLOW(ABI-EPS) 60,60,50 IFC(FLOWC.EQ.HICFI.AND.(FLOWC.NE.O.J)DASHO=DASH 
50 WRITE CKOUT,310) J,I,FLOWCAl,FLOW(ABl,HI(A) 280 FORMAT (3!10,2Fl0.2,A2,F9.3,4Fl0.2) 

TIMAX=l • WRITE CKOUT,2B01 A,NFCAl,NTCA),FLOWCA),FLOWC,DASHO,COST(Al,HI(Al,H
IF CCFLOWCAl+FLOW(ABJl.GT.HICA)) GO TO 70 l!CF,LO(A) ,LOCF 

60 HICABl=O. IF CA.NE.CNDUM+NJ+l+2*NRES+NL+NS+NJII GO TO 290 
LOCABl=O• IDSEA=IDSEA+l 
GO TO 80 IF CIDSEA.LE.NSEASI GO TO 290 

70 LOCAl=HI(AI IDSEA=l 
80 CONTINUE IDYR=IDYR+l 

IF (TI'IAX.E0.1.1 WRITE CKOUT,90) 290 CONTINUE 
90 FORMAT (1Hl///125(1H•ll/50X,27HRESTART PROCEDURE INITIATED//4QX,55 300 CONTINUE 

lHSTORAGE BOUNDS HAVE OEEN REDEFINED AND NETWORK SOLVED ,//125(1Ho STOP 
2) '1Hl I 310 FORMAT (1Hl/125(1H•l//50X,19HCOMPUTATIONAL ERROR//!X,52HTHE LOWER 

RETURN lSEGMENT OF CARRY-OVER STORAGE IN RESERVOIR•I3,1X,9HIN SEASON,I3,62 
2H WAS NOT FULL BEFORE THE UPPER SEGMENT OF STORAGE WAS UT!LIZED//5C*********************************************************************** 

C WRITE ARC DATA 3X,3!HSTORAGE I•I THE LOWER SEGMENT = ,F6.1,4X,31HSTORAGE IN THE UPP 
4ER SEGMENT= ,F6.l,4X,38HMAXIMUM STORAGE IN THE LOWER SEGMENT =,F6C***********************************************************************

100 CONTINUE 5.1///20X,42HRESERVOIR OPERATING RULES MUST BE ADJUSTED/20X,94HEITH 
SUBS=12./NSEAS 6ER OPTION 2 ~AY BE USED OR THE UNIT STORAGE BENEFIT MAY BE INCRE 
WRITE (KOUT,1101 7ASED IF OPTION 1 IS USED//!25(1Hol/////) 

110 FORMAT (1Hl//8X,67HASTERISKS IN OUTPUT BELOW PINPOINT FLOWS WHERE END 
lFLOWS=MAX CAPACITY I 

WRITE (6,120! 
WRITE (6,1301 NODES,ARCS 
IDYR=l 
IDSEA=l 
IPAGE=l 
WRITE (KOUT,140) 
WRITE CKOUT, 150) 

120 FORMAT (53Hlo * * SOLUTION INF EA SI 8 LE * o o) 
130 FORMAT (lAHlNIJ~BER OF NODES =,I5//18H NUMBER OF ARCS =,IS) 
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SUBROUTINE MAXFLO 
C*********************************************************** ************ 
C SUB ROU TINE TO CALCULATE THE MAXIMUM FLOW INCREASE 
C INTO THE SINK, ARC TO LEAVE THE TREE IS ALSO 
C DETE RM INED, THE FLOW IS CHA NG ED IN THE AUGMENTING 
C PATH, 
C*********************************************************************** 

COMMON /ADATA/ IARC[3600l,JARC (3600),COST(l800),AMP(1800l,FLOW(l80 
10l,UPPER(1 800 l,LOWER( 1800 l,ARCS 

COMMON /X DA TA/ V[500l,BARC(500l,RARC(500l,FARC(500l,DISSET(5QOl,GA 
1N(50 0 l,ICHK( 500 l,LI ST(500l 

CO MMON /V/ SOURCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTC ST,NODEs,IFS, 
llROOT,EPS, BIG, NDEG,NLOP,SICH,!TER,NPRIT,TIMA X, TIME,IPRINT 

INTE GER ARCS 
INTEGER SOURCE,SINK, DAR C,FARC,RARC,DISSET 
REAL LO WER 
EXTERNAL FLMXC,AMPF,COSTF 

C••********************************************************************* 
C FIND OUT IF THERE IS A LOOP, IF SO JJ IS THE 
C JUNCTION OF THE LOOP, 
C••********************************************************************* 

DO 20 I=l, NODES 
ICHK[ll=O 

20 CONTINUE 
JJ:S OURCE 
!:SINK 

30 CONTINUE 
ICHK(ll=l 
IF (l,EQ, SOURCE ) GO TO 50 
ll=BARC(Il 
IF (11,EQ,Ol GO TO 140 
I:IARC(Ill 
IF (!C HK (ll,E0,ll GO TO 40 
GO TO 30 

40 CONTINUE 
JJ:I 
NLOP:NLOP+l 

C•• ********************************************************************* 
I.O C FIND MAXIMUM FLOW CHANGE POSSI BLE, 
0 C*********************************************************************** 

50 CONTINUE 
FL MX : 999999, 
GN =l 
!:SINK 
GAN(!J:l, 

60 CONTINUE 
IF (I,EQ,JJl GO TO 70 
KK= BARC(ll 
GN =GN•AMPF(KKl
FLMXT:FLMXC( KK ,1,l •GN 
!=IARC (KKl
GAN(Il=GN 
IF (FLMXT,GT,F LMX l GO TO 60 
FLMX:FLMXT 
!R OO T:JARC(KK) 
GO TO 60 

70 CON TI NUE 
IF (JJ,EQ,SOURCE J GO TO 80 
CAL L FLOP [JJ,FLMAX,GLOOP,! ROOTL) 
FLMXT :FLMAX•GN 
IF <FL MX T,GT,FLMX l GO TO BO 
FLMX:FLMXT 
IROO T:IROO TL 

80 CONTINUE 

C•********************************************************************** 
C INCREASE TOTAL FLOW BY THE MAXIMUM FLOW CHANGE, 
C*********************************************************************** 

FLO:OUTFLO-FLONET 
!F(FLO, GT,FLMX lFLO=FL~ X 
!F(FLO,L T,1,E-4lNDEG:NDEG+l 
csrnow=o,o 
IF (FLO, LT,1.~-4) GO TO 130 
FLONET:FLONET+FLO 

C••********************************************************************* 
C CALCULATE FLOW CHANGE ON EACH ARC, 
C••******************************~************************************** 

!:SINK 
90 CONTINUE 

IF (!,EQ,JJl GO TO 100 
II=BARC ( I l 
IF (11,EQ,Ol GO TO 140 
I:IARC(lll 
FLONO W:FLO/GAN(ll 
CALL FLCHG [Il,FLONOWl 
GO TO 90 

100 CONTINUE 
IF (JJ,EQ, SOURCEl GO TO 130 
FLOOP:FLO/(GAN(Il•[l,-(1,/GLOOPJll 
l:JJ 
FL GA :FLOOP•GAN(JJl 

110 CON TINUE 
II=BARC ( I l 
!:!ARC ( II l 
FLONOW:FLG A/GAN (Il 
IF (!,NE,JJl GO TO 120 
J:JARC(lll 
FLONOW=FLGA/(GAN[Jl•AMPF(llll 

120 CONTINUE 
CALL FLCHG (11,FLONOWl 
IF (l,EQ,JJl GO TO 130 
GO TO 110 

130 CONTINUE 
RETURN 

140 CONTINUE 
PRI NT 150 , FLONE T,TOTCST 
CALL EXIT 

150 FORMAT (///•' PROBLEM IS INFEASI BLE, THE MAX IMUM FLOW IS ••Fl0,2, 
l• AT A TOTAL COST OF ••Fl0,2) 

END 



FORM~ t <iox; i:i,11x;211~,\Xi 15,.Xi I5,l!X,Fll~l ;2:i; ,Fs.1; 5X,F11; i ,3~,Fll.3
1,110) 

WRITE (6,20!
WRITE (6,400)

400 FORMAT (50X,17HCANAL COST COEFF./125(1H*l//42X,SHDITCH,32X•4HPUMP/
133X,2HCl,9X,2HC2,9X,2HC3,13X,2HCl,9X•2HC2,llX,2HC3/l 

DO 410 L=l,NL 
410 WRITE (6,420) L,((CL!NK(I,L,KJ,K:1,3l,I:1,2l 
420 FORMAT (22X,I5,2X,3(G10,4,1X),4X,3(G10,4,!X)) 

WRITE CKOUT,20l 
WRITE (KOUT,430) PERINT,NPAY,POWR,RESONM 

430 FORMAT (45X,18HCONSTANT COST DATA,/125(1H*)///15X,13HINTEREST RATE 
1,1ox,1H=,F10.4,15X•23HREPAYMENT PERIOD YRS :,5X,I5,1X,3HYRS,//15X 
2,lOHPOWER COST,13X•lH=,Fl0,4,8H $/KW-HR,7X•23HO+M ANN DEC PCT RESV 
3R =,Fl0.4,/) 

WRITE CKOUT,440} CONON'l,CIMP,LAGR,LAGC 
440 FORMAT (15X,24HO+M ANN DEC PCT CANAL :,Fl0,4,15X,23HCOST OF IMPOR 

lT WATER :,F10,4,1X,4H$/AF,//15X,24HRESVR FINANCE LAG TIME :,5X,I5 
2,1X,3HYRS,11X,23HCANAL FINANCE LAG TIME:,5X,I5,1X,3HYRS} 

WRITE (KOUT,4501 
WRITE (KOUT,450} 

450 FORMAT (///}
WRITE (KOUT,460) (J,J:1,12} 

460 FORMAT (48X•12HPOWER FACTOR,//51X,7HSEASONS/12X,12I7/l 
WRITE (KOUT,470) (POWFAC(l),I:1,NSEAS) 

470 FORMAT (13X,12F7,4l 
WRITE (6,480) (J,J:1,12),(XX(Il,I:1,NSEAS) 

480 FORMAT (///,48X,13HIMPORT COEFFS//51X,7HSEASONS/12X,12I7//13X,12F7 
1.4} 

WRITE (6,490) (J,J:1,12),(ELF(I),I:l,NSEASl 
490 FORMAT (///48X,11HLOSS COEFFS//51X,7HSEASONS/12X,12I7//13X•l2F7,4}

WRITE (KOUT,20} 
WRITE (KOUT,500) (J,J:1,12} 

500 FORMAT (48X•l~HUNIT SHORTAGE COST/52X,9H($/AC-FT)/125(1H*)///51X,7
l,.Q 1HSEASONS/12X,12I7/5X,4HNODE/6X,3HNO,/)...... DO 510 J:1,NJ 

WRITE (KOUT,520) J,(CST(I,Jl,I:1,NSEAS) 
510 CONTINUE 
520 FORMAT (6X,I2,5X,12F7,0l 

WRITE (KOUT,20) 
WRITE (KOUT,530) 

530 FORMAT (42X•24HRESERVOIR START CONTENTS,/125(1H*)///29X,4HN0DE•l6X 
1,lOHRES OR JNC,10X,16HPCT FULL-DECIMAL/30X,4HNO, ,18X,4HNAME,!6X,9 
2HSTRT STOR/l 

WRITE (KOUT,540) (J,(RNAME(J,K),K:1,2},FSTART(J},J:1,NRES) 
540 FORMAT (29X,I3,17X,2A4,10X,F!0,4l 

WRITE (KOUT,20) 
WRITE (KOUT,550} (J,J:1,13) 

550 FORMAT (44X,28HRESERVOIR OPERATING POLIC!ES/125(1H*l///10X,4HRES,, 
121H OPERATING STORAGE,11X,68HENO-OF-YEAR TARGET STORAGE LEVELS 
28Y YEAR (FRACTION OF MAX. STORAGE},3X,5HALPHA/11X,24HNO, OPTION 
3 BENEFIT,3X,1316/l 

DO 560 J:1,NRES 
WRITE (KOUT,570) J,IOPT(Jl,TCST(Jl,(TFAC(I,JJ,I:1,13},ALP(J) 

560 CONTINUE 
570 FORMAT (10X,I3,I8,5X,F9,1•3X,13F6.2,5X,F3,2) 

IF (ERROR) 600,600,580 
580 WRITE (IPAGE,590} 
590 FORMAT (10X,45HERRORS ENCOUNTERED IN DATA DECK JOB STOPPED/fl 

STOP 
600 CONTINUE 

RETURN 
END 

ft'.o'w 11.uli11EHTlH8 ... 
,: FLOll'!iEl-lEI\ATIHG' CYCLE, IF SO HOOE 

POTEHTIALS.111\E ADJUSTED ,t,.CCORDINSLY. USED ONLY 
C THE FIRST ITERATION. 
C***********************************************************************

COMI.ION /ADATA/ IARC(3600l,JARC(3600},COST(1800l,AMP(1800l,FLOW(180
10) ,UPPER(!AOO) ,LOWER(1800l ,ARCS 

COMMON /XDATA/ V(500J,RARC(500l,RARC(500l,FARC(500),DISSET(500l,GA 
1N(500),ICHK(500l,LIST(5001 

CO'IMON /V/ SOURCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODES,lFS, 
lIROOT,EPS,BIG,NDEG,NLOP,SICH,ITER,NPRIT,T!MAX,TIME,IPRINT 

INTEGER ARCS 
INTEGER SOURCE,SINK,BARC,FARC,RARC,O!SSET 
REAL LOWER 
EXTERNAL FLMXC,AMPF,COSTF 
COMMON ICHT(500) 

C***********************************************************************
C DETERMINE IF POINTERS INDICATE A LOOP, 
C*********************************************************************** 

DO 20 K:l,NODES 
ICHT<Kl=O 

20 CONTINUE 
ICHT(JJ) =1 
IJ:JJ 

30 CONTINUE 
IJK:BARC(!Jl
IF (IJK.EQ,O) RETURN 
IA=IARC(IJKI 
IF (IA.EQ.JJ) GO TO 40 
IF (!CHT(IA).EQ,1) RETURN 
ICHT( IA} =1 
IJ:IA 
GO TO 30 

40 CONTINUE 
TEMP:O 
GN:1 
IJ:JJ 

C*********************************************************************** 
C CALCULATE THE COST TO OBTAIN ONE UNIT OF FLOW INTO JJ 
C*********************************************************************** 
50 CONTINUE 

IJK:BARC(IJ) 
GN=GN*AMPF(IJK) 
TEMP:TEMP+COSTF(IJK)/GN 
IA=IARC(IJKl
IF (IA,EQ,JJJ GO TO 60 
IJ:IA 
GO TO 50 

60 CONTINUE 
C*********************************************************************** 
C CALCULATE COST TO OBTAIN ONE UNIT OF FLOW OUT OF 
C LOOP AT JJ 
C***********************************************************************

V(JJ}:TEMP/(1,-1,/GN) 
70 CONTINUE 

IJ:IA 
IJK:BARC(IJ} 
IA=IARC(IJK)
IF (IA,EQ,JJ} RETURN 
VCIA}:V(!Jl*A~PF(IJK}-COSTF(IJK) 
GO TO 70 
END 

https://IA.EQ.JJ


SUBROUTINE PREPAR 
C*********************************************************************** 
C THIS SUBROUTINE TAKES THE RESULTS FROM GAIN AND 
C PREPARES THEM FOR PRINTING IN SUBROUTINE APRINT. 
C•********************************************************************** 

COMMON /NDATA/ NSOLVE,LSOLVE,NYEAR,NS,SCAP,Nl,NREAD,MAXYR 
COMMON /SDATA/ NJ,NRES,NJUNC,NL,NC,NR,NYR,NSEAS,IYEAR,IDATE,IMP,IN 
COMMON /ADATA/ NFC3600),NTC3600),COST(l800),AMPC1800),FLOWC1800),H

11(1800l,LOWERC1800),ARCS 
COMMON /APRNT/ APOWC50),AIMPC50),QM(45),ISHORTC50l,ICOSTC50)
COMMON /MISC/ AMIN,ADELT,NDELT 
COMMON /CDATA/ PERINT,NPAY,POWR,RESONM,CONONM, CIMP,LAGR,LAGC,POWFA

1CC12) 
COMMON /XDATA/ PIC500),BARCC500),RARCC500), FAR CC500),DISSETC500),G

1ANC500),ICHKC500),LISTC500) 
COMMON /V/ SOURCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODES,IFS, 

llROOT,EPS,BIG,NDEG,NLOP,SICH,ITER,NPRIT,TIMA X,TIME,IPRINT 
COMMON LQ(13,45),LPC13,45),LCC12,45),RS(l3,30),RCC12,30 ), CCC12•30 ) 

l,JQ(l3,10),IDEFC13,30l,IMPC(50),ITOTC50) 
INTEGER A,AL,AIMP,APOW,AMIN,ALMIN,ARMIN,ASMIN,QM,RS,ARCS,AB,soURCE 

l,SINK,BARC,RARC,FARC,DISSET 
REAL LC,LOWER 

C•**********************************************************************
C INITIALIZE VARIABLES 
C••*********************************************************************

IYR:IYEAR-NSOLVE+l 
SUBS:12,/NSEAS
ROFF:,499 
KOUT:6 
IL=NL+l 
M:NSEAS+l 
APOWCIYR):O 
AIMPC IYR):O 
!SHORT( !YR) :o 
!COSTCIYR):O 
IMPCCIYR):0 
DO 20 L:1,NL 
LQCM,U:O 

ID LPCM,U:O 
N IFCIYR,E Q,l) Q~CL):O 

20 CONTINUE 
DO 30 J:l,NRES 
RS CM,J):O 

30 CONTINUE 
DO 40 J:l,NS 
JQCM,J):O 

40 CONTINUE 
DO 50 J:1,NJ 

50 IDEFCM,J):O 
DO 100 I:1,NSE4S 
AI MIN: AMI N+CI-l)•CNJ+l+2•NRES+NL+NS+NJ) 
ARMIN=AlMIN+N,J+l 
ALMIN:ARMIN+2•NRES 
ASMIN=ALMIN+NL 
AL:ARMIN 

C••********************************************************************* 
C PREPARE LINK FLOWS,POWER COSTS, 
C AND DUAL VALUES FOR PRINTING, 
C***********************************************************************

DO 60 L:1,NL 
A:ALMIN+L 
IA=NFCA) 
JA:NTCA) 

C***********************************************************************
C 16,6 CONVERTS TAF/MON TO CFS 
C*********************************************************************** 

LQCI,L):FLOATCFLOW(A)l•l6,6/SUBS+ROFF 
LGCM, Ll:LQCM, L)+L QCI,L) 
IFCLQCI,L),GT,GM(L))QMCL):LQ(I,L) 
LPCl,L):FLOWCA>•COST(A) 
LPCM,L):LPCM,Ll+LPCI,L) 

C*********************************************************************** 
C 16,6 CONVERTS $1000/TAF/MON TO 
C $1000/CFS 
C••********************************************************************* 

LC(l,L):COST(A)+PICIA)-PICJA) 
LCCI,L):LCCI,L)/15,6•SUBS 
APOWCIYR):APOW(IYR)+FLOW(Al•COST(A) 
!FCl,EQ,NSEAS)LQ(M,L):LQ(M,Ll/NSEAS 
IFCI,EQ,NSEAS)LP(M,L):LPCM,L)/NSEAS 

60 CONTINUE 
LQCI,IL):FLOWCAL) 
AIMPCIYR):AIMPCIYRl+FLOWCAL) 
!MPCCIYR):IMPCCIYR)+(FLOWCAL)•CIMPl 

C*********************************************************************** 
C PREPARE RESERVOIR STORAGE LEVELS, 
C AND DUAL VALUES FOR PRINTING, 
C*********************************************************************** 

DO 70 J:l,NRES 
A:ARMIN+J 
AB:A+NRES 
IA=NFCA) 
JA=NTCA)
RSCl,Jl=FLOW(Al•AMPCA)+FLOWCABl•AMPCAB)+ROFF 
RS CM,J):RSCM,J)+RSCI,J) 
RCCI,J):COSTCAB)+PIC!Al-PICJA)
IFII,EQ.NSEASlRS<M,J):RSCM,J)/NSEAS 

70 CONTINUE 
C••********************************************************************* 
C PREPARE DUAL VALUES OF CONTINUITY 
C CONSTRAINTS FOR PRINTING, THESE 
C REPRESENT THE VALUE OF ONE MORE 
C ACRE-FOOT OF WATER DE LIVER ED TO 
C THE NODE, 
C•********************************************************************** 

DO 80 J:l,NJ 
N:7+(1-ll•NJ+J 
CCCI,J):PI(N) 
A:AIM!N+J 
ISHORTCIYR):ISHORTCIYR)+HI(Al-FLOWCA) 
ICOST(IYR>:ICOSTCIYR)-(COST(Al•<HICA)-FLOW(A))) 
IDEF(l,J):HICA)-FLOW(A) 
IDEFCM,J):IDEFCM,Jl+IDEF(l,J) 

80 CONTINUE 
C••********************************************************************* 
C PREPARE THE SPILLS THAT LEAVE THE 
C SYSTEM FOR PRINTING, 
C••*********************************************************************

DO 90 J:l,NS 
A:ASMIN+J 
JQCI,J):FLOW(A) 
JQCM,J):JQCM,J)+JQCI,J) 
IFCI,EQ,NSEAS)JQCM,J):JQCM,J)/NSEAS 

90 CONTINUE 
100 CONTINUE 

NT2:51 
NZ=O 
ITOTCIYR):APOWCIYRl+ICOSTCIYR)+IMPCCIYR) 
RETURN 
END 



6~:-::~;~::~~!:!Z!!!~!Z!:~,~;~:~.;;~~;;~;;,~~,;;;;~.~;~;Iit';~;I.i~.1~..;;-.~:*~***** 
C THIS SUBROUTINE SHIFTS ALL ARC DATA AND ALL NODE' 
C DATA BY THE NUMBER OF ARCS AND NODES IN ONE YEAR, 
C RESPECTIVELY, EACH TIME A SOLUTION FOR ONE YEAR 
C HAS BEEN FOUND. 
C*********************************************************************** 
C 

COMMON /NDATA/ NSOLVE,LSOLVE,NYEAR,NS,SCAP,NI,NREAD,MAXYR 
COMMON /SDATA/ NJ,NRES,NJUNC ,NL,NC ,NR, '<Y'i ,NSEAS, IYEAR, IDATE, IMP, IN 
COMMON /ADATA/ NF(3600l,NT(3600l,COST(l800l,AMP(1800),FLOW(l800),H 

1I(1800),LO(l800),ARCS
COMMON /MISC/ AMIN,ADELT,NDELT 
REAL LO 
INTEGER A,AA,AMIN,ARCS,AX,ADELT 
INTEGER AIMIN 

C*********************************************************************** 
C SHIFT ARC DATA 
C*********************************************************************** 

IF (ISOLVE.EG.1) RETURN 
DO 50 ISOLVE:2,NSOLVE 
DO 40 ISEAS=l,NSEAS 
I=<ISOLVE-ll•NSEAS+ISEAS 
AIMIN:AMIN+(I-1l•<NJ+1+2•NRES+NL+NS+NJ) 
DO 30 J=l,NJ 
AA=AIMIN+J 
A=AA-ADELT 
IF (NT(AA).EG.3) GO TO 20 
NF(A):NF(AA)-NDELT
NTCA):NT(AAl-NOELT 
GO TO 30 

20 NFCA):NF(AA)-NDELT 
NTCA):3

30 CONTINUE 
40 CONTINUE 
50 CONTINUE 

AX=AMIN+AOELT+l 
DO 60 AA:AX,ARCS 

~ A:AA-ADELT 
w LO(A):LO(AA)

HI<A):HI(AA)
COST(A):CoST(AA) 
FLOW(Al=FLOW(AA) 
AMP (Al =A~IP ( AA l 

60 CONTINUE 
RETURN 
END 

******~*'**-**'******;:;:.;;i*-**~•'******'-***;-*;:t~~ltt:i
SUBROUTINE TO FINO THE INITIAL /IND' SUBSEQUENT FLO\f 

C AUGMENTING TREE 
C*********************************************************************** 

COMMON /ADATA/ IARC(3600l,JARC(3600),COST(1800),AMP(1800l,FLOW(180
10),UPPER(1800),LOWER(1800l,ARCS 

COMMON /XDATA/ V(500),BARC(500l,RARCl500l,FARC(500l,OISSET(500l,GA
1N(500J,ICHK(500l,LIST(500) 

COMMON /V/ SOURCE,SINK,NARC,OUTFLO,FLONET,CSTNOW,TOTCST,NODES,IFS, 
lIROOT,EPS,BIG,NDEG,NLOP,SICH,ITER,NPRIT,TIMAX,TIME,IPRINT 

INTEGER SOURCE,SINK,BARC,FARC,RARC,DISSET 
INTEGER ARCS 
REAL LOWER 
EXTERNAL FLMXC,AMPF,COSTF 
IF (IFS.NE.OJ GO TO 160 

C*********************************************************************** 
C SET UP POINTERS TO FIND INITIAL TREE. 
C*********************************************************************** 

DO 20 I:1,NODES 
BARC(Il:O 
FARCCil:O 
RARC(Il:O
DISSETCI):1 
GAN(Il=l
V(Il:9999. 

20 CONTINUE 
V(SOURCE):O 
ICHANG:O 
IENTER=l 
ITF:o 
IFS:1 

C*********************************************************************** 
C SET UP SHORTEST PATH TREE FOR FIRST ITERATION. 
C*********************************************************************** 
30 CONTINUE 

DO 80 K:1,NARC 
IF C(UPPER(K)-FLOW(Kll.GT.EPS) GO TO 40 
IF ((FLOW(Kl-LOWER(K)l.LT.EPS) GO TO 80 
II:JARC(Kl 
JJ=IARC(Kl
POT:V(IIl•AMP(Kl-COST(K) 
I=K+NARC 
GO TO 60 

40 CONTINUE 
I=K 
JJ:JARC(Il
II=IARC(Il
IF ((LOWER(I)-FLOW(I)).GT.EPS) GO TO 50 
POT:(V(Il)+COST(I)l/AMP(Il 
GO TO 60 

50 CONTINUE 
POT:(V(IIJ-BIGl/AMPCil 

60 CONTINUE 
IF ((V(JJJ-POTl.LT.EPSl GO TO 80 
V(JJ):POT
BARC(JJ):I
IF CITF.EQ.Ol GO TO 70 
CALL LOOP CI,JJ) 

70 CONTINUE 
ICHANG=l 

80 CONTINUE 
IF (ICHANG.EG.O) GO TO 90 
ICHANG=O 
ITF=l 
GO TO 30 

90 CONTINUE 
C*********************************************************************** 
c CALCULATE FORWARD POINTERS FOR FIRST ITERATION. 
C*********************************************************************** 

DO 130 I=l,NODES 
IF (DISSET(ll.EG.O) GO TO 130 
KK=BARC(IJ
IF (KK.EG.Ol GO TO 130 
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LL=IARC(KK) 
IF (FARC(LL),NE,O) GO TO 100 
FARC (LU =KK 
GO TO 130 

100 CONTINUE 
MM=FARC (LL) 

110 CONTINUE 
MN:JARC(MM) 
IF CRARCCMN),NE,O) GO TO 120 
RARCCMN):KK 
GO TO 130 

120 CONTINUE 
MM:RARCCMN) 
GO TO 110 

130 CONTINUE 
140 CONTINUE 

IF (IPRINT,LT,2) GO TO 150 
PRINT 330, CBARC(I),I:1,NODES) 
PRINT 340, (FARCCI),I:1,NODES) 
PRINT 350, CRARC(l),I:1,NODES) 
PRINT 310, CDISSETCI),l:1,NODES) 
PRINT 300, CV(l),I:1,NODES) 
PRINT 320, CGANCI),I:1,NODES) 
PRINT 360, CFLOWC!),I:1,NARC) 

150 CONTINUE 
RETURN 

C*********************************************************************** 
C FIND NEW FLOW AUGMENTING TREE AFTER THE FIRST 
C ITERATION, 
C••********************************************************************* 
160 CONTINUE 

DO 170 I:1,NODES 
DISSETCI):O 

170 CONTINUE 
C••********************************************************************* 
C DELETE BRANCH FROM BASIS AFTER THE FIRST ITERATION, 
C••********************************************************************* 

II=IROOT 
I.O I:BARC(ll) 
-i:,. !LEAV:I 

IA=IARC(I) 
CALL DESUB C!,IA) 
RARC(!I):Q 
BARCC!I):o 

C*********************************************************************** 
C SET NEW NODE GAINS ON DISCONNECTED NODES, 
C******************~**************************************************** 
180 CONTINUE 

I:FARCC!I) 
IF Cl,EG,O) GO TO 190 
JJ:JARC(I) 
!FC!,GT,NARC)GAN(JJ):GANC!Il•AMP(I-NARC)
IFCI,LE,NARC)GAN(JJ):GAN(IIl/AMP(I) 
II:JJ 
IF (Il,EG,IROOT) GO TO 190 
GO TO 180 

190 CONTINUE 
J:RARC CII) 
DISSET C II l :1 
IF (J,EG,O) GO TO 200 
II=JARC(J) 
K:BARC(Il) 
JJ:IARC(K)
!FCK,GT,NARC)GAN<II):GANCJJl•AMPCK-NARC) 
IFCK,LE,NARC)GAN(II):GANCJJ)/AMPCK) 
GO TO 180 

200 CONTINUE 
K=BARC( II)
IF (II,EG,IROOT) GO TO 210 
II=IARCCK) 
GO TO 190 

210 CONTINUE 

C*********************************************************************** 
C DETERMINE THE NEW BRANCH TO ENTER THE BASIS, 
C••********************************************************************* 

SICH:1,E+lO 
IENTER=O 
DO 260 K=l,NARC 
IF C(UPPER!Kl-FLOW(K)),GT,EPS) GO TO 220 

C*********************************************************************** 
C LOOKING AT A BACKWARD BRANCH 
C*********************************************************************** 

IF CCFLOW(K)-LOWER(K)),LT,EPS) GO TO 260 
JJ:IARCCK) 
IF (DISSET(JJ),EG,0) GO TO 260 
II:JARC(K) 
I:K+NARC 
IF CDISSETCIIl,EQ,0) GO TO 250 

C*********************************************************************** 
C NEW BRANCH FORMS A LOOP 
C*********************************************************************** 

GO TO 230 
220 CONTINUE 

I=K 
JJ:JARCCI) 
IF CDISSET(JJ),EG,0) GO TO 260 
II=IARC(l)
IF CDISSET<II),EG,0) GO TO 250 

C*********************************************************************** 
C NEW BRANCH FORMS A LOOP, 
C*********************************************************************** 
230 CONTINUE 

GALPIV:GANCII)/CGANCJJ)•AMPFCI)) 
IF (GALPIV.GE,,999) GO TO 260 
POTCH:(((V(II)+COSTF(I))/AMPF(l))-V(JJ))/((1,-GALPIV)•GANCJJ)J 

240 CONTINUE 
IF <POTCH,GE.SICH) GO TO 260 
IFCPOTCH,LT,O,lPOTCH:0, 
SICH:POTCH 
!ENTER:! 
GO TO 260 

C*********************************************************************** 
C NEW BRANCH DOES NOT FORM A LOOP, 
C••********************************************************************* 
250 CONTINUE 

POTCH:(((V(ll)+COSTF(I))/AMPFC!))-V(JJ))/GANCJJ) 
GO TO 240 

260 CONTINUE 
IF CIENTER,EG,0) GO TO 280 

C*********************************************************************** 
C CHANGE NODE LABELS AND POINTERS TO REFLECT 
C ENTERING BRANCH, CHANGE POINTERS, 
C••********************************************************************* 

CALL TRECHG CIENTER,ILEAV) 
C*********************************************************************** 
C CHANGE NODE POTENTIALS, 
C*********************************************************************** 

DO 270 II:1,NOOES 
IF CDISSETC!Il,EG,0) GO TO 270 
VCI!):SICH•GANCII)+V(II) 

270 CONTINUE 
GO TO 140 

280 CONTINUE 
PRINT 290, FLONET 
II=IARC(ILEAV) 
CALL ADSUB (!LEAV,II) 
JJ:JARC(ILEAV) 
BARCCJJ):ILEAV 
GO TO 140 

290 
300 
310 
320 
330 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

(1X,20H MAXIMUM 
ClX,10~ LAB 
(lX,lOH DISSET 
ClX,lOH GAIN 
ClXolOH BARC 

FLOW FOUND ,F20,10) 
,C21F5,l)) 
.C2115)) 
, C1X,21F5,3) l 
, (2115)) 

340 
350 
360 

FORMAT 
FORMAT 
FORMAT 
END 

llXolOH 
(lXolOH 
(lXolOH 

FARC 
RARC 
FLOW 

ol2115)) 
• (2115)) 
• C21F5,1)) 



SUBROUTINE SPRINT 
C*********************************************************************** 
C THIS SUDROUTINE PRINTS AN ANNUAL SUMMARY OF ACTUA L 
C COSTS, PRESEN T VALUES , AND AVERAGE ANNUAL COSTS 
C••********************************************************************* 

COMMON /NDA TA/ NSOLVE,LSOLVE , NYEAR,N S,SCAP, NI,NREAD, MAXYR 
COMMON /SDATA/ NJ,NRE S ,NJUNC,N L, NC,NR,NYR,NSEAS,IYEAR, IDATE,J MP,I N 
COMMON /CDATA/ PERI NT , NPAY , POWR,RESON ~,C ONONM,C!MP ,L AGR ,L AGC,POWFA 

lC I 12 l 
COMMON CRESCC50),CRESOM (50 ), CLINKC(50),CLINOM l50l,C!MPT(SO), CP0WR I 

150l,CTOTALl50),PVRESC 50),PVROM l 50 ),PVLINCCSOl,PV LI OM l 50 ),PVI MP l50) 
2, PVP OWR l 50 ),PVT OTl 50) , ANRESC(50),ANRESOC50l , ANLINC l5 0),ANLIN0(50),
3ANIMP C50), ANPOWR l 50),ANTOTI SO),CPEN1 50 ), PVPEN l 50l,ANPEN l50l 

20 FO RMA T 11Hl,2 0X,31HTOTAL COSTS IN THOUSAND DOLLARS ) 
30 FORMAT 11Hl,20X,36HPRESENT VA LUES IN THOUSAND DOLLARS 1,!5,6H BASE 

l ll 
40 FO RMAT 11Hl,2 0X, 42HA VERAGE ANNUAL COSTS I N THOUSAND DOLLARS (,13,1 

15H-YEAR PAYME~TSl l 
50 FORMAT 11H0 ,1 4X, 10HRESERVO I RS ,1 5X,8HCONDU! TS,10X,7H I MPORTS,BX,6H p 

10WER,6X,BHDEFI C!TS,9X,5HTOTAL/18H YEAR CAPITAL,5X,31HO AND M 
2 CAP ITAL O AND Ml 

60 FORMAT 11 6 ,3X, 4 (F9 . 0,3X l, 3 1F9.0,5Xl,Fl0.0l 
C*********************************************************************** 
C PRINT ACT UAL COSTS BY YEARS 
C•********************************************************************** 

WRITE 16, 20 ) 
WR ITE 16,501 
DO 70 IYR =l, NYEAR 
J =I YR+ l 
WRITE 16, 60 ) IY R,C RESC IJl, CRESOMCJ l, CLINKCIJl,CL! NO M(Jl,C!MPT(Jl,C 

l POWRCJ l ,CPENCJl,CTOTALIJl 
70 CON Tl NUE 
C••********************************************************************* 
C PRINT PRESEN T VA LUE BY YEARS 
C••*************** *************** *************************************** 

!CAL=IDATE 
WR ITE 16'30) !CAL 
WR ITE 16, 50 ) 

\.0 DO 80 IY R=l•NYfAR 
(J1 J=IY R+l 

WR ITE (6, 60 1 IYR,PVRES(Jl,PV ROM IJl,PVLINCCJl,PVL!OMIJl,PV!MP(Jl,PV 
lPOWRIJl , PVPENIJl,PVT OTIJl 

80 CONTINUE 
(***********************************************************************
C PRIN T AVERAGE ANN UAL COS T COMPONENTS 
C BY YEARS 
C•********************************************************************** 

WRI TE 16 , 40) ~PAY 
WRITE 16 , 50 1 
DO 90 IYR=l, NYEAR 
J=IYR+l 
WRI TE 16,60) ! YR,ANRESC(Jl , ANR ESO(J ), ANL!NC( J l,ANLINO(J),ANl ~P IJl, 

l ANPOWR IJl, ANPEN IJl, ANTOTIJl 
90 CON TINUE 

RETURN 
END 

SUBROUTINE TRECHG II EN TER,!LEAV ) 
C*********************************************************************** 
C SUBROUTI NE TO FORM THE FLOW AUGMENTING TREE BY 
C DELET ING ONE ARC FROM THE TREE AND INSERTING 
C A NEW ARC INTO THE TREE 
C*********************** ************************************************ 

COMMON /AOA TA/ IARC l3600 l,JARC l 3600l,COSTC1 800 ),AMP(1 800l,FLOW(l80 
10l,UPPERl1 800l ,L OWER1 1800 l ,ARCS 

COMMON /XOA TA/ VC500l, AARCl 50 0l,RARCl500l,FARCl500l,D!SSETl50nl,GA 
1Nl 500 l,I CHKl500l ,LI STl500l 

COMMON /V/ SOlJRCE , SI NK , NARC ,OUTFLO,FL ONE T,CSTNOW,TOTCST ,NODEs ,IFS, 
l! ROOT , EPS , BIG,NDEG ,NLOP , S! CH ,!TER, NPR IT,T!MA X,TIME,IPRINT 

INTEGER SOURCE,S INK,BARC, FARC , RARC ,D ISSET 
REAL LOWER 
I NTEGER ARCS 
EXTE RN AL FLMXC,AMPF,COSTF 
! ROO T=JA RC C!LEAVl 
NLI S=O 
JJ=JA RC IIENTER l 

C*********************************************************************** 
C DELETE PATH FROM JA RC II ENTERl TO !ROOT 
C••*********************************************************************
20 CON Tl ~UE 

J B=BARC (JJl 
I F IJJ.EQ.I ROOT) GO TO 30 
NLI S=NLI S+l 
Il=IARC(Jq ) 
CALL DESUB IJA,I!l 
I FIJB. LE. NARC ll=JB+NARC 
I FIJB . GT. NARCl I=JB-NA RC 
!CHKCNLIS >=I 
BAR CCJJl=o 
RARCCJJ l=O 
JJ=II 
GO TO 20 

30 CONTINUE 
C••********************************************************************* 
C ADO IN THE REVE RS E OF THE PATH JUST DELETED 
C***********************************************************************

I F INLI S.EQ.Ol GO TO 40 
I=I CHK (NL!Sl 
NLIS= NLIS-1 
II=I ARC l!l 
JJ=JARCl !l 
CA LL AOSUB (!,Ill 
BJIRC CJJl=I 
GO TO 30 

40 CONTINUE 
II=IARC IIEMTERl 
CA LL AD SUB IIENTER,I!l 
JJ=JA RC II EN TERl 
BARC (JJ) =I ENTER 
RARCCJ Jl=O 
RETURN 
END 
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BLOCK COMMON 

MAIN 
ADJUST 
ADSUB 
AMPF 
APRINT 
ARC 
COSTF 
COSTX 

U) DESUB
LJ..j 
..,. FLCHG 
....... FLMXC 
I- FLOP=> 
0 GAIN 
0::::: INPUT 
i::o LOOP 
=> 
U) MAXFLO 

OUTPUT 
PREPAR 
SHIFT 
SHORT 
SPRINT 
TRECHG 

::5 ~ /...... ~ ;:s ;:s ~ ~ f..:. ~t;j ~ ~ ~ ~ ~ ~ ~~~~/4~~~/4~~t:'v ~Vi/Ill!f~/&lf§it~t~ffl~~;;;Jj5
•••• 
•• 
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ALLOCATION PROGRAM 
BLOCK COtffiN USAGE IN SUBROUTINES 
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VARIABLE MAME 

A 

AA 

AIMIN 
ARMIN 
ASMIN 

VARIABLE DESCRIPTIONS FOR SUBROUTINE 

ADJUST 

DEFINITION 

Arc Number 

Arc Number for Determination of the Bounds 
and Flow in the New Initial Storage Arcs 

Working Variables 

VARIABLE DESCRIPTIONS FOR SUBROUTINE 

APRFlT 

VARIABLE NAME DEFINITION 

IL 

IYR 

M 

Link Number for Imports 

Year for which Results are Being Printed 

Subscript for Mean Values to be Printed 
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VARIABLE DESCRIPTIONS FOR SUBROUTINE 

.ARC 

VARIABLE ~far1E DEFINITION 

A, AB Arc Number 

ANEW Number of the First Arc to be Added to the 
Network 

DEMAND Upper Bound of Total Demand 
in Thousands of Acre-Feet 

from the Network 

DSHORT Lower Bound of Total Demand from the Network 
in Thousands of Acre-Feet 

EFF Pump and Motor Effici~ncy (Set to .8) 

FSTORE Total Amount of Storage in the Last Time 
In the Network in Thousands of Acre-Feet 

Period 

I Season Number in the Network 

I FLOW Total Amount of Input in the Year to be Added 
to the Network in Thousands of Acre-Feet 

IMIN Number of the First Season to be Added to the 
Network 

IMPORT Total Amount of Import
Thousands of Acre-Feet 

to the Network in 

INPUT Total Amount of Input to 
Thousands of Acre-Feet 

the Network in 

J FLOW Total Amount of Input in the Year to be Added 
to the Network in Thousands of Acre-Feet 

KIN Fortran Logical Unit Assigned to Input File 

NOEL Number of Nodes per Year 

NEVAP Temporary
Thousands 

Value of Reservoir 
of Acre-Feet 

Evaporation in 

NN Number of Seasons in the Network 

l 01 



SPILL Total Amount of Spill from 
Thousands of Acre-Feet 

the Network in 

SUBS Number of Months in Each Season 

AA, AIMIN,ALMIN Working Variables 
ARMIN,ASMIN,INEW, 
JF,JT,K,KK,NMIN 
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VARIABLE DESCRIPTIONS FOR SUBROUTINE 

FLMXC 

VARIABLE ~AME DEFINITION 

I Arc Number 

FLMXC Maximum 
Arc I 

Allowable Change in the Flow in 

s ~ 0, if Flow is to be Decreased 
> 0, if Flow is to be Increased 

I I, J J Working Variables 
K 

VARIABLE ryESCRIPTIONS FOR SUBROUTINES 

FLOP 

VARIABLE NAME DEFINITION 

FLMAX Maximum Possible 
Generating Cycle 

Change in Flow for a Flow 

GN Gain Factor for a Flow Generating Cycle 

IR00TL Root Node for a Flow Generating Cycle 

JJ Initial Node in Flow Generating Cycle 

IJ,IJK, 
FLMXT 

Working Variables 
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VARIABLE DESCRIPTIONS FOR SUBROUTINE 

PREPAR 

VAR IABLE ~!AME DEFINITION 

A Arc Number 

AL 

IYR 

MINP 

AIMIN, 
ALM IN,
ARMIN, 
ASMIN, 
IA, IL, 
JA, M 

Link Number for Import Arc 

The Year for which Output is Being 

Minimum Value in the Vector PI(N) 

Working Variables 

Printed 

VARIABLE DESCRIPTIONS 

SHIFT 
FOR SUBROUTINE 

~ARIABLE MAME DEFINITION 

A Arc Number 

AA Arc Number whose Data will be Shifted to 
Arc Number (A) 

AIM IN Working Variable 

AX First Arc to be Shifted 

I Season Number 

N Node Number 

NN Node Number whose Data will be Shifted to 
Node Number (N) 

NX First Node to be Shifted 
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VARIABLE DESCRIPTIONS FOR SUBROUTINES 

SHORT 

VARIABLE NAME DEFINITION 

!ENTER Arc Entering the Flow Augmenting Tree 

IFS l, if Flow Augmenting Trees Subsequent 
to the First Tree are being Found 

0, if Otherwise. 

ILEAV Arc Leaving the Flow Augmenting Tree 

lTF l, if the Initial Flow Augmenting Tree is 
to be Found 

0 , 0th erw i s e . 

POTCH Change in Node Potential for Node I 

AMX,CSTX, Working Variables 
GALP IV, II , 
JJ,KK,LL,I,K, 
POT,ICHANG 

VARIABLE DESCRIPTIONS FOR SUBROUTINE 

SPRHJT 

VARIABLE NAME DEFINITION 

ICAL Calendar 
Costsare 

Date (Year)
Referenced 

to which Present Value 

J Working Variable 
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VARIABLE DESCRIPTIONS FOR SUBROUTINE 

TRECHG 

VARIABLE NAME DEFINITION 

!ENTER 

ILEAV 

NLIS,JJ, 
JB, I I 

Arc to Enter Flow Augmenting 

Arc to Leave Flow Augmenting 

Working Variables 

Tree 

Tree 
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VARIABLE DESCRIPTIONS FOR BLOCK Cof'v'iv10N 

/AD/\TA/ 

YARIABLE NAME DEFINITION 

AMP(A) Amplitude Factor for flow in Arc (A) (Must
be positive value greater than zero) 

ARCS Number of Arcs in the Network 

COST(A) Unit Cost of Flow in Arc (A) in Thousands of 
Dollars per Thousand Acre-Foot 

FLOW(A) Flow entering Arc (A) in Thousands of Acre-Feet 

HI (A) Upper Bound on Flow entering Arc (A) in 
Thousands of Acre-Feet 

LO(A) Lower Bound on Flow entering Arc (A) in 
Thousands of Acre-Feet 

NF(A) Origin Node of Arc (A) 

NT(A) Destination Node of Arc (A) 
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VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

/ADJST/ 

VARIABLE NAME DEFINITION 

DADJ Flow Adjustment in the Bounds of the net 
Demand Arc for Dropping a Year from the Network 
in Thousands of Acre-Feet 

IADJ Flow Adjustment in the Bounds of the Net 
Arc for Dropping a Year from the Network 
Thousands of Acre-Feet 

Input
in 

!DROP Amount of Inputs
from the Network 

in 
in 

the Year to be Dropped
Thousands of Acre-Feet 

ISADJ Flow Adjustment in the Lower Bound 
Net Demand Arc for Dropping a Year 
Network in Thousands of Acre-Feet 

of the 
from the 

ISTORE Total Initial Storage in 
Thousands of Acre-Feet 

the System in 

JDROP Amount of Demands in the Year 
from the Network in Thousands 

to 
of 

be Dropped
Acre-Feet 

MADJ Flow Adjustment in the Bounds of the Net 
Import Arc for Dropping a Year from the 
Network in Thousands of Acre-Feet 

MDROP Amount of Imports in the Year 
from the Network in Thousands 

to 
of 

be Dropped
Acre-Feet 

SADJ Flow Adjustment 1n the Bounds of the Net 
Spill Arc for Dropping a Year from the 
Network in Thousands of Acre-Feet 

SDROP Amount of Spills 
from the Network 

in 
in 

the Year to be Dropped 
Thousands of Acre-Feet 
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VARIABLE DESCRIPTIONS FOR BLOCK 'COMMON 

/L\PRNT/ 

VARIABLE NAME 

AIMP(IYR) 

APOW(IYR) 

QM(L) 

ISHORT(IYR) 

ICOST(IYR) 

BEFINITION 

Annual Power Cost in Year (!YR) in Thousands 
of Dollars 

Annual Imports in Year (IYR) in Acre-Feet 

Maximum Flow in Link (L) in CFS 

Junction Shortage Costs in Year (IYR) in 
Thousands of Dollars 

Total Penalty Costs in Year (IYR) in 
Thousands of Dollars 
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VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

/CDATA/ 

VAR IABLE f'IAME 

CIMP 

CONONM 

LAGC 

LAGR 

NPAY 

PERINT 

POWFAC(I) 

POWR 

RESONM 

. .. 

DEFINITION 

Unit Cost of Imported Water in Dollars per
Acre-Foot 

Conduit Annual Operation and Maintenance 
Cost Factor as a Fraction of Construction Cost 

Number of Years Lag Between Incurring
Construction Cost for Conduits and First Year 
of Operation 

Number of Year Lag Between Incurring Construction 
Cost for Reiervoirs and First Year of Operation 

Repayment Period in Years, Used to Compute
Average Annual Costs 

Interest Rate (Decimal) for all Incurred Costs 

Seasonal Power Cost Coefficient 

Unit Cost of Power in Dollars per Kilowatt­
Hour 

Reservoir Annual Operation and Maintenance 
Cost Factor as a Fraction of Construction Cost 
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VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

/JDATA/ 

VARIABLE NAME 

CRES(J) 

DLO(J) 

FSTART(J) 

NLINK(J) 

RCAP(J) 

RMIN(J) 

RNAME(J) 

RETSW(J) 

DEFINITION 

Capital Cost of Reservoir Jin Thousands of 
Dollars 

Fraction of Seasonal Demand at Junction J 
which Must be Met 

Fraction of Reservoir Full for Starting Storage 

Node Number for Effluent Discharge of 
Wastewater Generated by Water Demand at Node J 

Reservoir J Capacity in Thousands of Acre-Feet 

Minimum Capacity of Reservoir J in Thousands 
of Acre-Feet 

Reservoir or dunction Name 

Effluent S/W Ratio (Sewage to Intake Water 
Ratio) for Demand at Node J 
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VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

/LDATA/ 

VARIABLE NAME DEFINITION 

CCAP(L) Maximum Capacity of Link Lin CFS 

CLIFT(L) Pump Lift of Link L in Feet 

CLINK(K,L,J) Cost-Capacity Coefficients for a Second­
Order Polynomial for Link L 

CMIN(L) Minimum Capacity of Link L in CFS 

CNAME(L) Link Name 

CPUMP ( L) Unit Cost of Pumping in Thousands of Dollars 
Per CFS Per Foot 

EL(L) Fraction of Flow Entering Link L Which 
Leaves Link L (Amplitude of Link L) 

LNODE(L,K) Node Numbers at the Ends of Link L 
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VARIABLE ~AME 

ELF(ISEAS) 

KSPILL 

XIMP 

XX(ISEAS) 

VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

IMD1~TAI 

DEFINITION 

Seasonal Coefficient for Link Amplitudes in 
Period !SEAS 

Spill Cost in Dollars per Acre-Foot 

Maximum Annual Available Import in Thousands 
of Acre-Feet 

Seasonal Import Coefficient for Period !SEAS 

VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

/NDATA/ 

VARIABLE NAME DEFINITION 

LSOLVE Number of Years 
Flow Problem 

Contained in the Network 

MAXYR Not Used 

NI Number of Seasons in the Network 
(Equals NSEAS times NSOLVE) 

Flow Problem 

NREAD The First Year of 
by the Allocation 

the Problem to 
Program (=1) 

be Solved 

NS Total 
Occur 

Number of Nodes from Which Spills can 

NSOLVE Maximum Number of Years in a 
Allocation Program can Solve 

Network the· 

NYEAR The Last Year of the Problem 
by the Allocation Program 

to be Solved 

SCAP Capacity
Feet 

of Spill 
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VARI.ABLE DESCRIPTIONS FOR BLOCK COMMON 

/MISC/ 

VAR IABLE ~JAME DEFINITION 

ADELT Number of Arcs in One Year 

AMIN Number of Initial Reservoir Storage and Net 
Balance Arcs 

NDELT Number of Nodes in One Year 

VARIABLE nESCRIPTIONS FOR BLOCK COMMON 

/PRT/ 

VAR IABLE ~JAME 
.. 

DEFINITION 

IPRNT(IYR) 0' l ' 
If 0 

If l 

If 2 

If 3 

or 32 ' 
Print All Output for Year ( I YR) except
the Network Model for that Year 
Print All Output for Year (!YR)
and Print the Network Model for that 
Year 
Omit Printing of Dual Values for 
Year (IYR)
Omit A11 Printing for Year (IYR) 
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VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

/SDATA/ 

VARIABLE NAME DEFINITION 

!DATE Calendar Starting Date of the Problem 

IMP Import Node Number 

IN Input Tape Number 

IYEAR First Year 

NC Number of Canals 

NJ Number of Nodes (Reservoirs and Junctions) 

NJUNC Number of Junctions 

NL Number of Links 

NR Number of River Reaches 

NRES Number of Reservoir 

NSEAS Number of Seasons per Year 

NYR Number of Yea rs 

VARIABLE ~ESCRIPTIONS FOR BLOCK COMMON 

/RDATA/ 

VARIABLE NAME DEFINITION 

JBLT(J) Year Reservoir J is Built 

JS(J) Node J from Which Spills can Occur 

LBLT(L) Year Link Lis Built 
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VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

/SHORTS/ 

VARIABLE NAME DEFINITION 

ACO(I,J) Slope of Lines Approximating the Area-Capacity
Curve for Reservoir I in the Lower (J=l) and 
Upper (J=2) Range of Storage 

BND(J) Fraction of Maximum Storage in Reservoir I 
Corresponding to the Junction Point between the 
Line Segments Approximating the Area-Capacity
Curve 

CST(J,I) Unit Cost of Demands from Junction I in Season 
J in Dollars per Acre-Foot 

IOPT(I) Bivalued variable specifying the operating
option (1 or 2) for Reservoir I 

TCST(I) Unit Benefit of Storage at Target Capacity in 
Reservoir I in Dollars per Acre-Foot 

TFAC(J,I) Fraction of Full Reservoir I to Obtain Target
Capacity in Year J (J ~ 13) 

ALP(!) Safety Factor used to Increase the Annual 
Terminal Storage Targets for Reservoir I under 
Operating Rule 2. 
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VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

/V/ 

VARIABLE NAME 

BIG 

CSTNOW 

EPS 

FLONET 

!PRINT 

!ROOT 

ITER 

NARC 

NDEG 

DEFINITIONS 

Large Positive Value (Set to 1000 in Subroutine 
GAIN) 

Cost for the Network Flows in the Current 
Solution 

Small Positive Value (Set to .001 in Subroutine 
GAIN) 

Inflow into the Sink Node for the Current 
Solution 

Used as a Counter to Indicate First and 
Subsequent Calls to Subroutine SHORT 

Print Option Variable for Providing Intermediate 
Results from Network With Gains Algorithms: 
-1, No Intermediate Printing Executed 

0, Print Only Total Network Cost and Number 
of Iterations Required for Solution 

1, Print All of Above Plus Summary by Iteration 
giving Inflow into Sink, Network Cost, 
Arc Leaving Flow Augmeting Path, Arc Entering
Path, and Increase in Potential at the Sink 

2, Print All of Above Plus Summary by Iteration 
of forward, backward and right pointers,
Nodes in the Flow Tree, Node Potentials,
Node Gains, and Arc Flows 

Terminal Node for Arc Leaving the Flow 
Augmenting Path 

Number of Iterations Required in Subroutine 
GAIN to Solve the Network Model 

Number of Arcs in the Network Model 

Number of Degenerate Iterations Executed by the 
Program in Obtaining the Solution 
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NLOP Number of Loop Iterations in Obtaining the 
Solution 

NODES Total Number of Nodes in the Network Model 
(Including Source and Sink) 

NPRIT Not Used 

OUTFLO Required Flow into the Sink Node 

SICH Increase in the Node Potential at the Sink for 
the Current Iteration in Subroutine GAIN 

SINK Node Number for the Flow Sink (Set to 7 in 
Subroutine GAIN) 

SOURCE Node Number for the Supply of Flow to the 
Network (Set to l in Subroutine GAIN) 

TIMAX Switch Used to Restart Algorithm when 
Storage Segmentation Constraints are Violated 
in any Network Solution 

TIME Not Used 

TOTCST Total Cost of the Optimal Solution to the 
Network Problem 
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VARIABLE DESCRIPTIONS FOR BLOCK COMMON 

/XDATA/ 

VARIABLE NAME 

BARC (I) 

DISSET(I) 

FARC(I) 

GAI'N(I) 

ICHK(I) 

LIST(I) 

RARC ( I) 

V ( I) 

DEFINITION 

Backward Arc Pointer for Node I in the Three 
Label Tree Representation 

1, if Node I is in the Flow Augmenting Path, 
0, if Otherwise 

Forward Arc Pointer for Node I 

Gain Factor for Node I 

Counter Array Used in Determining Loops in 
the Network 

List of Nodes 

Right Arc Pointer for Node I 

Node Potential for Node I 
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VARIABLE DESCRIPTIONS FOR BLANK COMMON 

l 

VARIABLE NAME 

D(ISEAS,J) 

E(ISEAS,J) 

U(J,ISEAS) 

I, 

DEFINITION 

Seasonal Water Demand for Junction J in Thousands 
of Acre-Feet in Period ISEAS 

Seasonal Evaporation Coefficients for Reservoir 
Jin Period ISEAS 

Seasonal Unregulated Inflow to Junction Jin 
Period ISEAS in Thousands of Acre-Feet 
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VARIABLE DESCRIPTIONS FOR BLANK COMMON 

2 

VARIABLE NAME 

CC(I,J) 

IDEF(I,J) 

IMPC(IYR) 

ITOT(IYR) 

JQ(I,J) 

CL(I,L) 

LP(I,L) 

LQ(I,L) 

RC(I,J) 

RS ( I , J ) 

DEFINITION 

Dual Value for the Reservoir J Continuity 
Constraints in Season I in Dollars per Acre­
Foot 

Deficits at Node Jin Season I in Thousands 
of Acre-Feet 

Cost of Imported Water 
Thousands of Dollars 

in Year IYR in 

Total Cost of Deficits Plus Imports Plus 
Pumping in Year IYR in Thousands of Dollars 

Spills Leaving System from Node JS(J) in 
Season I in Thousands of Acre-Feet 

Dual Value for Link Lin Season I in Thousands 
of Dollars per CFS 

Power Cost in Link L During Season I in 
Thousands of Dollars 

Flow in Link L During Season I in CFS 

Dual Value for the Reservoir J Storage Contents 
in Season I in Dollars per Acre-Foot 

Reservoir J Storage Contents for Season I in 
Thousands of Acre-Feet 
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VARIABLE DESCRIPTIONS FOR BLANK COMMON 

3 

VARIABLE NAME 

CIMPT(IYR)
PVIMP(IYR)
ANIMP(IYR) 

CLINKC(IYR)
PVLINC(IYR)
ANLINC(IYR) 

CLINOM( IYR)
PVLION(IYR)
ANLINO(IYR) 

CPOWR(IYR)
PVP Ol~R ( I YR)
ANPOWR( IYR) 

CRESC(IRY)
PVRES(IYR)
ANRESC(IYR) 

CRESOM(IYR)
PVROM(IYR)
ANRESO(IYR) 

CPEN(IYR)
PVPEN(IYR)
ANPEN(IYR) 

CTOTAL(IYR)
PVTOT(IYR)
ANTOT(IYR) 

NOTE: 

DEFINITION 

Input Cost in Thousands of Dollars 

Construction Cost for Link in Thousands of 
Dollars 

Operation and Maintenance Costs for Link 
in Thousands of Dollars 

Power Costs in Thousands of Dollars 

Reservoir Construction Costs in Thousands 
of Dollars 

Reservoir Operation and Maintenance Costs in 
Thousands of Dollars 

Penalty Costs for Deficits Taken in Thousands 
of Do 11 a rs 

Total for Cost Components Listed in Thousands 
of Dollars 

Prefix C stands for cumulative costs through 
year IYR 

Prefix PV stands for present values through 
year IYR 

Prefix AN stands for average annual costs 
through year IYR 
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VARIABLE DESCRIPTIONS FOR BLANK COMMON 

4 

VARIABLE NAME DEFINITION 

ICHT(I) Pointer for Node I that is Set to 1 if an Arc 
in the Flow Augmenting Tree Originates from that 
Node 
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